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INTRODUCTION

The application of radiography in nondestructive testing grows yer r by year as more

and more special procedures and devices are developed. However, there are basic

procedures in the science of radiography that do not change. The purpose of this hand-

book is to provide knowledge of these basic radiographic procedures.

This volume will teach you the basic procedure used to making a radiograph and the

effects on the radiograph of all the factors that are involved in producing a radiograph

of the desired quality. You will learn to apply the mathematical formulas that are re-

quired of the radiographer. You will learn to use the basic charts and graphs that are

required. You will learn the procedures to follow in selecting the proper equipment and

operating conditions. And, finally, you will learn techniques useful to the radiographer.

This volume is the fourth of a series entitled "Programmed Instruction Handbook -

Radiographic Testing" - 5330.14. Prior to reading this volume, the reader should

have previously completed the following volumes;

5330.14 (V-I) "Origin and Nature of Radiation"

5330.14 (V-II) "Radiation Safety"

5330.14 (V-III) "Radiographic Equipment"

AMONa
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On many pages you will be faced with a choice. For instance, you may find a state-

ment or question at the bottom of the page together with two or more possible answers.

Each answer will indicate a page number. You should choose the answer you think is

correct and turn to the indicated page. That page will contain further instructions.

As you progress through the book, ignore the back of each page. THEY ARE PRINTED

UPSIDE DOWN. You will be instructed when to turn the book around and read the

upside-down printed pages.

FILM
As you will soon see, it's very simple — just follow instructions.
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INSTRUCTIONS
	

CHAPTER 1 - RADIOGIIAhMIC IMAGE FORMATIO14

1
The pages in this book should not be read consecutively as in a conventional book. You

will be guided through the book as you read. For example, after reading page 3-12,

you may find an instruction similar to one of the following at the bottom of the page —

• Turn to the next page

• Turn to page 3 -15

i Return to page 3--10

In Volumes I, II and III of the radiographic testing series, we have dealt with background

material that Js essential to an understanding of radiography. Now we get to the meat

of the subject. In thi s volume you will learn how to make an acceptable radiograph.

Here is a simplified diagram showing the three basic elements essential to the radio-

graphic process.

TURN TO THE NEXT PAGE	 In this chapter we are going to discuss these elements, namely: 1) the radiation,

2) the specimen, and 3) the film. These elements will be covered! one-at-a-time as

we discuss the effect that each has on the radiographic process.

Now turn to page 1-2.
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RADIATION - X-rays and gamma rays are of a family of waves that are called

electromagnetic waves. This family of electromagnetic waves can be assembled into

one group called a spectrum. Here is a chart of the electromagnetic spectrum.

ELECTROMAGNETIC SPECTRUM

X-RAYS ULTRA- INFRA- SHORT LONGAND
GAMMA VIOLET LIGHT EAT) RADAR WAVE WAVE

RAYS RAYS RAYS RADIO RADIO

UtCREASING	 WAVELENGTH	 INCREASING

INCREASING	 FREQUENCY	 DECREASING

Notice that the spectrutn is arranged in order by frequency of the wave. The waves

with the lowest frequency are listed at the right end of the chart while the waves with

the highest frequency are listed at the left end of the chart.

Looking at the chart would you say that light waves have a higher frequency than X-rays?

Yes ................................................. 	 Page 1-3

no..................................................	 Pagel-4
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Jet's look at that chart again. You seem to have forgotten how it is arranged.

HIGH FREQUENCY
SHORT WAVE LENGTH

ELECTROMAGNETIC SPECTRUU

X-RAYS ULTRA- INFRA- SHORT LONG

;AND VIOLET LIGHT (NE T) RADAR WAVE WAVE

RAYS RAYS RAYS RADIO RADIO

UECREASING	 WAVELENGTH	 INCREASING

INCREASING	 FREQUENCY	 DECREASING

In this chart the electromagnetic wave with the lowest frequency is Listed at the right

end of the chart. These are the long-wave radio waves. As you move to the left, the

frequency of the waves increase so that the waves with the highest frequency are at the

left end of the chart. These are the X- and gamma rays. These waves have the

highest frequency and the shortest wave length of all the electromagnetic waves.

It is only necessary at this point that you understand the relationship between frequency

and wave length. You must understand that X- and gamma rays have a very high

frequency and a very short wave length.

Turn to page 1-4.

n



From page 1-2	 1-4

Good! The electromagnetic spectrum is arranged in order by fr(Niuency. X-rays are

a higher frequency wave than light waves, X-rays and light rays, since they are bath

members of the electromagnetic spoctrutn, have many things in common. As you

already know, they both travel at the same speed - IS6, 000 miles per second. Both

also travel in straight lines, neither is affected by magnetic fields, and both will

expose photographic film.

We compare X-rays with light iri this discussion in order that you wi'.1 have a visual

reference for some of the things that we are going to discuss. X-rays act just like

light rays in many way . even though you cannot s -v Y-rays.

For example - you have seen the visible evidence of the existence of the spec . 	 in

the rainbow that appears after a rain. The raindrops act as prisms to separate the

sunlight into its separate frequencies. One edge of the rainbow is red, the other

edge is purple. In between, the colors change from one color to another gradually.

The different color: are caused by differences in the frequency and wave length of the

light waves that make up sunlight. Such a spectrum exists for X- and gamma rays

but it is not visible to the unaided eye.

The most important difference to the radiographer between light rays and X-rays is

their penetrating ability.

Turn to page 1-5.
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Visible light is stopped by ul:%jue substances as you k..ow, but because X: rays ha% ca

such a high frequency and short wave length they are able to penetrate into, :in(]

so>nlotimc + s through, an ++pacTue ohJ( . ct to eXposc- a photos raphie film place=d «,n the other

Side of the object. The depth, of penetration of the rav deponds upon the mind ++f matt-Hal

in the object and the energy of the rrv..

00
W

1
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COMPLETE PENETRATION

LOS% ENLRGYyrr!±
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INCOMPLETE PENETRATION

All X-rays penetrate equally well.

True. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Page 1 -6

False. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Page 1-7
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Whoa! Let's take another look at the illustration

NIGH ENERGY/fll^^t,^^^t\ LOW ENERGY	 ,;;^Itl",t^`
RADIATION
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Here we are showing the effect that high energy has on penetration.	 Example A shows

that when X-rays with high energy are used most of the rays pits through the specimen.

Example v shows that when X-rays of low energy are used only a few piss through

the specimen. This means that the high energy radiation is more penetrating than

the low energy radiation.

All X-rays do not penetrate equally well.

Turn to page 1-7.
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From page 1-5	 1-7

Good! You got the point that high energy radiation penetrates better than low energy

radiation. Now let's change the illustration a little.

IRON , 	i	 I	 I	 1	 LEAD

/	 /	 1

^	 I	 ^

Here we show two different materials under the same X-ray beam.

-rays penetrate all materials equally well.

True ................................................. Page l-8

False .............	 ................................... Page l-9

1	 \

1	 \	 \
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Sorry — X-rays do not penetrate all materials equally well. If you recail from

reading Volume II - Radiation Safety - lead sheets are used as shielding because

the X-rays have more difficulty penetrating lead. no you remember the term

"half-value layer"? The half-value layer is defined ;rs the thickness of material

which will reduce the radiation by half. For example, when using a Cobalt- 60

source, the lialf-value layer for steel is 0. 87 inches, while the half-value layer

for lead is 0.49 inches.

HALF-VALUE_THALF-VALUE	
49	 LAYER OF LEAD

LAYER OF	 87"
STEEL

IDENTICAL AMOUNTS OF RADIATION
PASS THROUGH EACH SPECIMEN

This shows us that a given X-ray will penetrate through a greater thickness of steel

than lead. So the amoun^ of X-ray penetration depends on the type of material being

X-rayed.

Turn to page 1-9
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Correct! Notice that we are talking about the amount of rays that actually pass

through the material. We have shown that the radiation will penetrate a certain

thickness of iron while it will not penetrate the same thickness of lead. Now let's

adjust th- energy of the radiation.

N,+1.pi's1
,^fiel ,ll.% LOW ENERGY

	

Ill
If ' 1 1 , '1 11 1	 RADIATION

^l^'ll,llll`1

$,,'1ll%O il 	 1111`,1`
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Here we show low energy radiation Penetrating the iron and high energy radiation

Penetrating the lead.

The high energy radiation penetrates the lead as well as the low energy radiation

penetrates the iron.

True.................................................Pagel-10

False................................................ Page l-11

a^
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Good! The higher energy radiation does penetrate the lead as well as the low energy

radiation penetrates the iron. So once again we have shown that the high energy

radiation penetrates more regarOless of whether we are concerned w ; th different

thickness of materials or whether we are concerned with different hinds of materials.

REMEMBER — THE HIGHER THE ENERGY THE GREATER THE PENETRATION.

The next question is - "Where do we get radiation with a higher energy?"

FLFCTRnUArNFTir CDF('TRIIM

X-RAYS ULTRA- INFRA- SHORT LONG
GAMMA VIOLET LIGHT EAT) RADAR WAVE WAVE

RAYS RAYS RAYS RADIO RADIO

UtUKtAJINU	 WAVELENGTH	 0	 INCREASING

FREQUENCY	 -a-

INCREASING	 DECREASING
ENERGY

Don't forget the spectrum and how to use it. X-ray energy is dependent on the fre-

quency of the wave - the hi gher the frequency the higher the energy.

The spectrum tells us that the lower frequency radiation has the highest energy.

	

True. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 	 Page 1-12

	

False . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .	 Pag6 1-13
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Sorry, you've missed the boat. High energy radiation always has greater penetrating

power than low energy radiation. And it takes more penetrating power to penetrate

the lead than it does to penetrate the iron. But in this case we have chosen a ray

that is powerful enough to penetrate the lead so that the penetration through the iron

and through the lead are identical.

Turn to page 1-10.
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If you are reading this page, you have forgotten some very basic facts that were

covered in Volume I. Lower frequency radiation does not have the highest energy.

To increase the energy and penetrating power of a wave, we must increase its fre-

quency. When we increase the frequency of the wave, we decrease the wave length.

The shorter wave lengths are more penetrating - have more energy. If you look at

the spectrum closely, you will see that it shows the relationship between frequency

and energy.

Ttirn to page 1-13.



From page 1-10	 1-13

You are correct! Lower frequency has lower energy - not higher everly.

We hope you realize that these examples are extremely simplified and are, intended

only to illustrate a difference in penetration and energy levels of the rays. It is

important to you that you keep these basic facts in mind.

The second characteristic of X-rays and gamm -a rays, in which we are interested, is

the characteristic of traveling in a straight line. It Is this characteristic that produces

the image of a specimen — just as a shadow picture of fin object can be produced with

a strong light and a screen.

X-rays and gamma rays, like light rays, always travel in straight lines.

False ..............................................	 Page 1-14

True ...............................................	 Page 1-15



From page 1-13	 1-1.4

You felt that the statement was false - that X-rays and gamma rays did not travel in

straight lines ijke light rays. You are (lead wrung. Whenever in object is placed

between a strong light and sorre kind of screen, we get a shadow image of the object on

the screen.

SOURCE
	

OF.JEC7
	

SCREEN

Whenever an object is placed between an X-ray source and a film, an image is formed

on the film. (The image does not appear until after the film is developed, but nunthe-

less the image is there even though you cannot see it. )

RADIATION
SOURCE OBJECTOBJECT	 FILM

The fact that the image is reversed (white on black) from the light source image is due

to using a film to record the image. We'll get into this a little later.

Since an image is formed, we know that X-rays and gamma rays, like light rays,

al:: !iys travel in straight lines.

Turn to page 1-15.
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Good! The second characteristic of X-rays and gamma rays that makes the radio-

graph possible is that they travel in straight lines just like light rays.

Then - to recap a little - the ray penetrates the specimen and travels in a straight

line. The third characteristic of X-rays and gamma .rays that makes the radiograph

possible is the ability of these rays to expose photographic; film, Back in Volume I of

this series, you learned that this type of radiation has the ability to ionize materials.

When the radiation penetrates the film, the film is exposed because of the ability of

the rays to ionize the tiny silver bromide grains in the film emulsion. Ionization of

the film's emulsion forms a latent image. You will learn more about this latent

image in Volume 5.

The ability of the rays to ionize material permits the rays to

the film.

penetrate.......... .... .... .. .. .. . . .... . . .. .. .. .. .. ..	 Page 1-16

expose. . .... .. .... . ..... . . .. .... .. .... .. .. .. .. . . . . ..	 Page 1-17
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No, we've confused you. The ability of the ray to ionize the film has nothing; to do

with permitting the ray to penetrate the film.

RADIATION
I
I
I
I
I
'	 r SILVER

BROMIDE

SILVER	 BROMINE
ION	 ION

Let's take a look at ionization. When the ray passes through the silver bromide layer

it breaks the electron bond between the silver and the bromine creating silver ions

and bromine ions. The presence of the silver ion in the emulsion is the latent image.

Later development removes the bromine ion and adds an electron to the silver

leaving metallic silver to darken the film where the ray has passed.

This is the ionizing action going on in the film emulsion that causes the film to be

exposed. The emulsion is exposed because the ray causes it to be ionized.

Turn to page 1-17.
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Rii .ht! The ability of the rays to ionize material permits the rays to expo3e the film,

far we have discussed the first element to consider when making a radiograph -

the radiation. Three things about radiation perm it us to make a radiograaph: 1) the

radiation penetrates the specimen (high energy rays are more penetrating than low

energy rays); 2) the radiation travels in straight lines; and 3) the radiation exposes

the film.

The second element that we must consider in making a radiograph is the specimen

itself. In industrial radiography we are very much concerned with producing the test

radiographic image possible. To do this we must carefully consider the amount of

radiation that is absorbed by the specimen. We must be certain that the specimen

is not absorbing so many of the X-rays that too few get through to expose , the film

emulsion, and conversely we must know that the specimen is not passing too many of

the rays and overexposing the film.

"Absorption" is tie ability of an element or compound to block or partially block the

passage of X-rays through the material. Here we show two specimens made of the

same material being expo s ed r o the same ray.
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	Specimen A being thicker than specimen B has absorbed 	 nt the radiation than

specimen B.

more . . . . .... .. .. .. .... ... . . . . . . . .. . . . .. . . . . ... . . . . 	 Page 1-18

less. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 	 Page 1-19
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That's right ! Specimen A absorbed more radiation than specimen B.

Absorption by the material and penetration of the ray are inversely related. As the

absorption capabilities of the specimen Increases, the penetration of the ray decreases.

As the penetration ability of the ray increases, the absorption of the ray by the

specimen decreases.

Earlier in this chapter we discussed the penetration of the rays through different

kinds of materials. Remember this illustration?

,'%

Af

♦♦♦♦

	

^/ //	 , 1 1 1 \\ ♦ ♦♦

	

/	 1 1	 ♦

/	 /	 /	 / 1	 /	 1	 1	 1 \	 \ `	 ♦ ♦♦/	 /	 /	 i	 1	 1	 1	 1	 \	 ♦ 	 ♦ 	 ♦

/// IRON 1'1 , LEAD ♦ ` % ♦^ ♦♦

^	 1

From this illustration we could say that lead has 	 of an absorption

c.,aeiability Char iron.

more..... .......... .............. ............ .. ... . 	 Pag1 , 1-20

less ................................................	 Pagel-21
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Sorry. Let's take another look at that illustration.

1	 1 RAOIV ION

,	 0	 ^	 ,	 1	 ^	 1	 1	 1

^	 1	 ^	 ,	 ,	 1	 1	 1	 ^	 1	 ,

a-	 1	 1	 1	 1	 1

	

1	 ^	 ,	 1	 1	 1	 1	 1

	

,	 1	 1	 1	 '	 '	 1

	

I	 1	 1	 1	 '	 1

	

i	 A i	 1	 '	
I B	

'	 1

We are trying to show here that the thicker specimen A has absorbed more of the ray

than specimen B has. Practically all of the rays that strike specimen B pass through

the specimen - practically none are absorbed. But in specimen A some of the rays

pass through while others do not. The ones that do not pass through are absorbed by

the specimen.

Turn to page 1-18.
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Very good. Lead absorbs more rays than iron because it is a denser material than

iron. Absorption then depends upon two things - thickness of the material and the

density of the material.

To recap then - the second element of the radiograph — the specimen — is capable of

absorbing radiation. The amount of absorption depends upon the thickness of the

material and the density of the material.

Now we will discuss briefly the third element of radiography - the film.

rril11\\\

FILM

// 1 1, 1 1 1\^

i	 l	 ^	
r	 J	 ^	 `.	 \

/	 r	 j	 LEAD

i	 ,	 r

AREA A	 AREA 8

Here we show a simplified diagram of how a radiograph is made. The radiation

penetrates the specimen and exposes the film. The formation of the image on the

film depends upon the amount of radiation received by different sections of the film.

The varying amounts of radiation on different areas of the film causes the film to be

exposed by varying amounts depending on the amount of radiation passing through

the specimen.

Area A of the film will be
	

than area B.

moreexposed . .............. .................. .... ..... Page 1-22

lessexposed .. .. . .... ...... . ..... .............. .... .. ... Page 1-23
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Very good. Lead absorbs more rays than iron because it is a denser material than

iron. Absorption then depends upon two things - thickness of the material and the

density of the material.

To recap then - the second element of the radiograph — the specimen — is capable of

absorbing radiation. The amount of absorption depends upon the thickness of the

material and the density of the material.

Now we will discuss briefly the third element of radiography - the film.

,,, ,
i t I ^^%

/,I II 	,

F1 LM

LEAD

AREA A	 AREA B

Here we show a simplified diagram of how a radiograph is made. The radiation

penetrates the specimen and exposes the film. The formation of the image on the

film depends upon the amount of radiation received by different sections of the film.

The varying amounts of radiation on different areas of the film causes the film to be

exposed by varying amounts depending on the amount of radiation passing through

the specimen.

Area A of the film will be	 than area B.

moreexposed ............... .................. .... ..... Page 1-22

lessexposed ..... ...... ..... ............. ............... Page 1-23
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Somehow you've got it backwards. Remember, penetration of the ray is just the

opposite of absorption by the material. If the ray passes through the material, it

is not absorbed by the material. If the ray does not pass through the material, it

is absorbed by the material. Now let's look at the illustration again.

4/4111'\\:.
I, I, 1 1 1 \ \♦.

111\\\\ ♦` ♦
// /	 /, 1 1 1	 ` ♦

I I /^ 	 1 11 \\ ♦♦ ♦
/	 I

	

I I I / / I l ' 1	 ♦ ♦ ♦
I I / l, l l l l 1 1	 ♦

I I ^ I / / 1 / 1 1 1 \ `	 ♦ ♦ %
^^ I /	 / /	 I	 1	 1 11 1 `\ ♦ ` ♦

I	 I /	 / I	 I	 1	 1	 \	 ♦ `	 ♦ ♦♦

I / 11II	 IRON,	 111 1 LEAD`` ♦ ^ ` ♦

E	 '	 /	 r	 1

More of the rays pass through the iron than pass through the lead, therefore, the

lead has absorbed more rays than the iron. The lead has more of an absorption

capability than the iron.

Turn to page 1-20.
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Gcod thinking. Since there is nothing to absorb the rays, area A is fully exposed to

the rays. In area B the lead almorbs much of the radiation so the film is not exposed

as much.

When the film is developed, the exposed portion turns dark while the unexposed

portion will be clear. If the film receives more exposure on one area than another,

the area receiving the most exposure becomes darker after development.

FILM

 LEAD, \\	 ,
\

AREA A	 AREA B

Area A of the film will be 	 -than area B after the film is

developer'.

darker...... .......... .. .... . ... .... ........... ...... Page 1-24

lighter............................................... Page 1-25
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Be careful. Since area A is receiving full radiation, it will be heavily exposed.

Since most of the radiation is blocked from area B the film will be lightly exposed.

Look at the figure again.

f^

^S11101

sit

1 0 111^^^11\

FILM	 i i 
i	 I

LEAD `^

AREA A	 AREA B

Less radiation at area B of the film - less exposure of the film.

More radiation at area A of the film - more exposure of the film.

Turn to page 1-22.
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Right! You realize that the area receiving the least rays is the least exposed and

therefore lighter.

Now let's look at a radiograph of this specimen.

SPECIMEN

Flt M

Note that the area of the film under the thinner section of the specimen appears darker.

It is darker because more radiation has penetrated the thinner section exposing the

film more.

Now we are ready for another term with which you must become familiar - FILM

DENSITY. In radiography the darker portion of the film is said to be more dense and

the degree of film darkness is known as the "film density".

AREA A	 AREA B

Here we are looking down on a piece of exposed and developed film.

Since area A of the film is darker that area B, area A is said to be

than area B.

moredense .... ...... .. .... . ..... ...... .... .. .... . ... .. Page 1-26

less dense	 ..... . .... .... . .. ..... .. .. .. .... . . . . .. .. .. .. Page 1-27



DEVELOPED FILM

IMAGE OF SPECIMEN

From page 1-22	 1-25

You've got it bacl:wards. Let's look at the illustration ,again, but this time we have

added a view showing; what the developed film might look like.

//11„11\\
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1

AREA A	 AREA B

Area A of the film will receive more radiation than area B since much of the radiation

is blocked from area B by the lead between the source and the film. Since area A

receives more radiation it will be darker than area B When the film is developed.

Therefore ar--a A will be darker than area B.

Turn to page 1-24,
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Fight! The darker the film, the more dense it is. Now let's review a little of what

you have learned so far.

i	 # +I	 %

RADIATION	 ^, ^^;,'^^

	

`% ^%`	 SPECIMEN

+	 ,	 %	 •

`

cm

i	 ,	 '	 ,	 ,	 +	 •	 `

1) RADIATION - penetrates the specimen (high energy rays penetrate better than low

energy rays)

- travels in straight lines

- exposes the film

2) SPECIMEN - absorbs more or less radiation depending on thickness and density

of material

3) FILM	 - is exposed in proportion to amount of radiation reaching film

- density of developed film increases as exposure increases.

The above is a necessary oversimplification of radiography, but when you completely

understand the above factual skeleton, we will hang some more meat on it for you.

Turn to page 1-28.

FILM
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Wrong! Area A is more dense and area B is lees dense.

AREA A
	

AREA B

DARKER
	

LIGH1f R
MORL DENSE
	

LES%WNSE

"Density" is a term you are going to use a lot in your work with radiography. The

density, or degree of darkness, of the film is one of the measuring sticks of good

radiography.

Turn to page 1-26.
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Now th:;t we have di scust;ed the three elementt4 of radiography, I 't's see how they

apply to nondestructive testing.

RAOIA HCN

SIDE CIM1 N

I
it

VOID	 ,'	 \

i

/	 I	 i

FILM

"The formati:m of in image on the film depends up,,n the amount of radiation received

by different sections of the fil ► n. The varying amours of radiation on different

areas of the film causes the film to be exposed by varying amounts depending on the

amount of radiation passing through Cie specimen. Iu short, the radiograph is the

photographic record produced by the paesage of X-rays or gamma rays through a

specimen onto the film. The radiograph becomes an important r.on^'structive

testing tool since a defect such as a void represents a thickness difference in the

specimen and will appear as a dark spot on the developed film.

Inc ► usions more denee than the base material cf the specimen will block more of the

rays and will therefore appear as	 spots on the developed	 film.

dark. . . .. .. . . .... . . .. . . . . ..	 . .. ... . .. ... . . . .. . . .. . . 	 Page 1-29

light	 . .. .. . . .. . . . . . . .. . . . . .. .. . .. .. . . ..... . . .. .. .. ..	 Page 1-30
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This is a pretty tough question and perhaps we tricked you by asking a question that

is reverse to the illustration we showed you. Hare is the situation that was covered

in the question.

A,

RADIATION

DENSE INCLUSION

SPECIMEN

FILM

.......	 ..	 .

X-X

In this case the inclusion is more dense than the specimen material. This means

that more of the rays will be b"LOCICUd by the inclusion. Since more of the radiation

is blocked, the film under the inclusion will be exposed less. Less Exposure of

the film means a light area after the filn, ic. dp-clooed.

Turn to page 1-30.
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Right ! Your reasoning was very sound.

RADIATION

,^^	 ^^	 SPECIMEN

FILM

Since the inclusion shown above is more dense than the specimen, the film image of the

inclusion is lighter. When the inclusion is less dense than the specimen, the image

of the inclusion is darker. The formation of the image is a very important part of

radiography.

We know that he radiation reaching the film is a function of the penetrating ability of

the ray and the abr orption ability of the material in the specimen. There will be

instances where the amount of radiation that penetrates the specimen will be very

small and the energy of the radiation cannot be increased. It is known that whvn the

ray passes through the film only about 1% of its energy is used to expose the fi.?? ;.

In order to use more of the available energy of the ray, intensifying screens are used.

Intensifying screens serve the purpose of improving the radiograph by utilizing more

of the energy of the ray to secure better exposure of the film in those areas where

`he ray passes through the specimen.

The intensifying screen intensifies the v.ffact of the ray

before it penetrates the specimen ............................. Page 1-31

after it penetrates through the specimen ........................ Page 1-32
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Sorry -	 didn't make that point very clear. In using intensifying screens we want

only to intensify the effect of those rays that have penetrated through the specimen.

We want those rays to have more effect on the film than they ordinarily have.

We want to make absolutely sure that you understand that the intensifying screen

does not intensify the ray. It only intensifies the effect of the ray on the film.

Turn to page 1-32.
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Good! The intensifying screen intensifies the effect of the ray on the film • iftf-r it

penetrates through the specimen.

There are two types of intensifying screens. The first type we are going to discuss

is the fluorescent intensifying screen. Fluorescent screens consist of a thin flexible

base coated with a metallic salt that will fluoresce - that is - will glow when energized

with X-rays. The light that is emitted by the screen will help expose the photographic

film.

When fluorescent intensifying screens are used, the film is exposed by

light rays . .	 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 	 . . . . . . . . Page 1-33

both X-rays and light rays . . . .. .. . . . . .. .. .... . . .. .. . . .. .. . . . Page 1-34
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Well, you are almost right. The light rays do help expose the film. In fact, ,the

light rays do most of the exposing. But tht; X-ray still passes through the film and

therefore, still does its job of exposing the film.

When a fluorescent intensifying screen is used, the film is exposed by both X-rays

and light rays.

Turn to page 1-34.
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Right! Both the X-rays and the light rays do their part in exposing the film. The

intensity of light that is emitted by the fluorescent screens depends upon the intensity

of the radiation so the screens effectively amplify the effect of the radiation. However,

the image obtained through use of fluorescent screens is not as sharp since the light

spreads a little through the film.

The second type of intensifying screen used co:isists of a simple thin sheet of lead.

The lead screen acts as an intensifier since X-rays and gamma rays cause electrons

to be liberated from the lead. (Remember photoelectric effect and Compton effect

from Volume 1?) If the lead screen is very close to the film, the electrons expose

the film. The effect of the ray is effectively intensified because the electrons have

a greater ionizing effect on the film emulsion. Since lead screens also have other

functions in radiography, they are covered in a later section.

RADIATION PATH

ELECTRON PATH

LEAD SCREEN

F iLM

Lead intensifying screens intensify the effect of the ray on the film because of the

action of

electrons liberated from the lead screen . . . . . . . . . . .. . . . . . . . . .. . . Page 1-35

increased radiation from the screen ............... ............ Page 1-3'
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Very good! The lead intensifying screens intensify the effect of the ray on the film be-

cause of the action of the electrons liberu+ed from the screen. The screens do not

change the energy of the ray.

Intensifying screens ; either fluorescent or lead, are normally placed on both sides of

the film. In fluorescent screens the light emitted from the back screen is just as

effective as the light emitted from the front screen. In lead screens the back

scattered electrons that are emitted from the back screen add appreciably to the

' formation of the image on the film.

SPECIMEN

FRONT SCREEN

FILM

BACK SCREEN

Intensifying screens must be placed in close contact with the film. Any space

between the screen and film allows room for the electrons, or light, to spread

causing "fuzzy" images.

e

FRONT SCREEN

FILM

BACK SCREEN

Turn to page 1-37 for a short review.



From page 1-34
	

1-36

By selecting this answer you indicate that you do not fully understand the relationship

between the radiation and the screen.

When the radiation passes through the film only about 1% of its energy is used in

exposing the film. Without screens we are using very little of the available ener,U, .

When screens are added, they utilize more of the ray's energy ire producing light or

electrons. They do not increase the radiation.

In turn, the light or electrons have a greater effect on the exposure of the film. Hence,

they intensify the effect of the original ray.

Turn to page 1-35.



1-3"+

From page 1-35

1. The next few pages are different from the ones which you have been reading.

There are, -arrows on this entire page. 6t'rite in the correct number

of arrows, ) Do not read the frames below. FOLLOW THE ARROW and turn

to the TOP of the next page. There you will find the correct word for the

blank line above.	 0
7. penetrates, exposes

(ionizes)

S. The radiation exposes the film by	 the silver bromide

within the film emulsion.

The electroma gnetie waves that have the highest frequency have the

------_.___	 `vave length.

The rays penetrating the thinnest section of the specimen cause the developed

film to be	 dense under the thinner section than under the

thicker section.

•
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24, more	 RADIATION

SPECIMEN

DENSE INCLUSION.

25. A void in the speci ►nen will appear as a	 F^"-

spot on the radingrapll while an inclusion that is	 "'---FILM

more dense than 
the specimen will appear as a

...___._..__spot on the radiograph.
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2. frame

3. By following the throws or instriietions you will be directed to the section which

follows in sequence.	 l! ach section presents information and requires the

filling in of

9. energy (wave length)	 +

,

10. X-rays always travel in a (path), 

SILVER

17. most (highest, greatest) OD.7, BROMIDE

+	 SILVER i	 BROMINE

ION ION

18. When a film is exposed, the silver bromide crystals in the emulsion are

— by the radiation.

25, dark, light
SPECIMEN
,

FILM
----.,

26. In order to increase the film exposure without increasing the intensity of the

radiation we use intensifying

—

s
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;I. blanks (.paws, words) %„'v,v 1

•I, 'lens for the review.	 In making a radio-

graph v4c need at 1wast three things;

and
' \

lt), straight line ^,	 \\

11, Because radiation, like light, travels

in a straight line wo are able to produce

a n  	 ._	 ^c^t' the specimen

r

^.w•+

\

""'"j

on the film. -----i \

18. ionized

19, When the film is exposed to the rays and then developed, the area of the film

rece iving; the most_ 	 _	 ---is— is darkest.

26, screens

27. The fluorescent	 screen effectively amplifies the effect

of the radiation,



4. radiation, specimen,

5. In radiography the radiation provides

the rays that	 the specimen

expose the film.
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? 1. image

12. The three most important characteristics of radiation to the radiographer are.

the ability to	 material, the ability to	 .,_._.._the film

emulsion, and the ability to fallow a	 path.

19, exposure (rays,

radiation)

20. The darker portion of the developed film is said to be more dense and the

degree of darkness is known as the film

SPECIM^,N
27. intensifying	 SCREEN

FILM

SCREEN

28. The fluo	 screens are placed on both sides

of the film wher. making a radiograph.

•
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0
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1	 1	

1	 ,	
11`,^^	

,	 ^

1	 1	 1	 ^	 I	 ,	 X1'11,11

,	 1	 1	 ,	 +11111111
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1	 1	 1	
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11111,111
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5. penetrate (pass through)

6. The radiation	 the film by

ionizing the film emulsion.

0
12. penetrate, ionize

(expose) straight line

13. -rhe photographic record produced by the passage of X- or gamma rays

through a specimen to expose a film is called a

20. density

21. In radiographing a specimen cf varying thickness, the amount of radiation that

reaches the film varies inversely with the thickness of the

28. fluor:•snent intensifying

29. Lead screens are also used as	 _	 screens.

•

0

0

0
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6. exposes 	; 	 i	 1	 `	 f	 !	I	 i	 +
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RADIATION
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7.

I
,,	 I	 l	 l	 l	

l	 l	 f	 l	 l	 l

,,	 I	 l	 l	 l	 ^	 l	 i	 l	 l	 ^

In radiography,	 radiation	 ;	 ;	 i	 I	 ;	 f	 ;	 I

l

l

f	 SPECIMEN

'	 1	 '	 Ithe specimen and	 ' '	 ' I	 ' Ip 	 I 	 I	 ' FILM

the film.

Return to page 1-37,

frame 8, and continue

13. radiograph

14. ._	 and	 rays are electromagnetic waves used

in radiography.

21. specimen (material)

I
22. The thickest section of any specimen being radiographed wil l absorb

(more, less) of the rays than the thinnest section.

29. intensifying

30. The lead screen acts as an intensifier because are

l.i' ":;^ '0A from the lead by the radiation.
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You should not have turned to this page.	 The instructions were to return to

page 1-37, frame 8, and continue the review.

14. X, gamma

15. X-rays and gamma rays are part of a family of waves called

waves.

Return to page 1-37,

frame 16, and continue.

22. more

23. Thinner sections of the specimen appear as areas on the

developed film.

Return to page 1-37,

frame 24, and continue.

30. electrons

Now turn to the next page.
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CHAPTER 2 - RADIOGRAPHIC SENSITIVITY - DEFINITION

So far we have discussed the basic elements of radiation, the specimen, and the film

as applied to radiographic image formation and we have discussed the placement of

intensifying screens and their effect on the radiograph.

Before a particular radiograph can be of any use as a nondestructive testing tool, we

must have some idea, or measure, of how accurate a tool it is. We call this measure

of accuracy the "sensitivity" of the radiograph. In general terms, sensitivity is the

measure of the smallest discontinuity that can be detected on that particular radio-

graph. Let's define radiographic sensitivity as:

The measure of the precis., on of the radiograph.

A radiograph that can detect all discontinuities over 0.01 inch in thickness is more

sensitive than a radiograph that can detect all discontinuities over 0.02 inches in

thickness.

True................................................ Page 2-2

False................................................ Page 2-3

•
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Right! You seem to understand what is meant by radiographic sensitivity.

Sensitivity in a radiograph is a function of the "contrast" of the radiograph and the

"definition" of the radiograph. These terms will be discussed one at a time.

Contrast - contrast is the comparison between film densities for different areas of

the radiograph. For example let's compare the density of area A with the density of

area B of this example.

AREA A	 AREA B

The example shows	 contrast between area A and area B. (Take a

guess.)

lotsof .. .. .. .. . . .. . . . . .. . . . . .. .. . . . . . . . . . ... .. . . .. . . . 	 Page 2-4

very little . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . .. . . . 	 Page 2-5
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You haven't got the picture.

The ultimate aim of radiography is to reveal any discontinuities that may be hidden

in the material of the specimen. The radiograph that can revel the smallest dis-

continuity is the best radiograph; it is more precise. The measure of the precision

of the radiograph is called "sensitivity". The more sensitive the radiograph, the

smaller the discontinuity it will reveal.

The radiograph that detected all discontinuities over 0.01 inch in thickness is more

sensitive than the radiograph that could only detect discontinuities that were over

0.0! Incnes 'n thickness.

Turn to page 2-2 and continue.

•
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Right! The example shows a lot of contrast between area A which is dark and area 11

which is very light. In radiography we are particularly interested in contrast as a

comparison of the film density given by the discontinuity as compared to the film

density of the specimen. In other words, the image on film of the discontinuity

compared to the image on film of the specimen. The human eye can more readily

detect an image when it is in "high" contrast with its backgrowd.

A
	

s

Here are two radiographs showing discontinuities. One has high contrast the other

has low contrast.

Radiograph A has 	 contrast.

low.................................................	 Page 2-6

high.................................................	 Page 2-7
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Your answer indicates that you felt there was very little contrast between area A and

area B in the example.

AREA A	 AREA R

Webster states that contrast means "to exhibit noticeable difference when compared

or set side by side". We could speak of contrast in height - meaning one thing was

much taller than another. Or we could speak of contrast in size - meaning one

thing was much bigger than another. But in a radiograph "contrast" means that one

area of the film is much darker than another.

Now look at the figure above. If you agree that one area is much darker than *"^

other, turn to page 2-4.
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I hope you guessed on this one because you guessed wrong. The image of the dis-

continuity in specimen B is not in very high 2ontrast with the specimen, since it

is more difficult to see than the discontinuity in specimen A. The discontinuity in

specimen A has high contrast. It is easy to see.

A.
	 B

high contrast in a radiograph is essential for good viewing.

Turn to page 2-7.

--
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Excellent. You seern to understand whit we mean by "contrast".

if you recal!, we said that the "sensitivity" of a radiograph was made up of two

factors — contrast and definition. Since you now know what is meant by contrast let's

take :i look :a what is meant by definition. If the image has "good" definition, the

line of demarcation between areas of different densities is clear and sharp. The

outline of the specimen is detailed and undistorted. here are typical examples of

what is meant by "good" definition and "pour" definition.

B

Which of the two examples sho%vn above would you Lelect as an example of "good"

definition?

A..................................................	 Paget-8

B. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .	 Page 2-9

j
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Example A does not show "good" definition. llere are the examples again.

A
	 8

Remember .- in order to have good definition the outline of the image must he clear

and sharp. In exwiiple A al)ove it is difficult to tell exactly where iiie discontinuity

begins while in example R the outline of the discontinuit y IS cleat and sharp.

Turn to page 2-: ► .

J
2-t+
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Very good! You seem to wnderstand what is meant by the term "definition" as it is

applied to the radiograph. here we show the result of low ;aid high contrast and poor

and good definition in radiographs.

qW	 4%W

LOW CONTRAST
	

HIGH CONTRAST
I'C')R DEFINI T ION	 GOO() DEF INI T ION

Now that you understand contrast and definition, let's examine the factors that affect

and control each. First - definition. What causes fuzzy subject outline ss in the radio-

graph and what can we do to control them ?

Inheren t unsharpness. As you learned in pre% ions books of this series, when an X or

gamma ray passes through any material, some of the energy is absorbed in the

material by ionizing processes known as photoelectric effect and Compton effect. In

the photoelectric effect and Compton ef fect the energy of the ray is absorbed by knock-

ing electrons from atoms in the material.	 These effects also oc( ,r in the f ilm as

the X-ray passes through it. Since it cannot be ._voided, the generation of free

electrons in the film is said to be inherent to the Process.

Turn to the next page.

• UMMMMM

r
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Here we are showing a cross section of the film and a diagram to indicate the spread

of electrons through the film.

I	 ^	 ^

+	 ^	 PATH OF RAY

_4

riLM ATOMSC L.GV 1Rvn rlg l"

This scattering of free electrons through the film causes the film to be exposed

(ionized) wherever the electrons travel. The scattering, therefore, causes fuzzy

edges on the image,

Inherent unsharpness is caused by free electrons that are generated by the radio-

graphic ray as it passes through the

specimen.	 ................................... .... ..	 Page 2-11

film......... ...................................... 	 Page 2-12

• ^

J
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Sorry, you've missed an important point, Inherent unsharpness is caused by the

generation of free electrons as the ray passes through the film. It is'true that free

electrons are also generated in the specimen but, since electrons can travel only very

short distances, only those electrons that are emitted from the lower surface of the

specimen can affect the film. There are methods we can use to prevent these electrons

from reaching the film. You will learn about these later in the program. For the

present let's consider only the effect of the ray as it passes through the film.

When the ray passes through the film, electrons are senn.rated from the atoms of the

film. These free electrons have an effect on the film which is called "Inherent

Unsha.rpness".

Now turn to page 2-12 and continue,

• OMMOM
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Correct! You must also remember that sinee the scattering of electrons in the film

is inherent to the procedure it is also unavoidable.

Scatter r .liation. Any material, whether specimen, cassette, table top, walls or

floor, that is in the path of the primary radiation will generate scattered radiation.

You will recall from Volume I that scattered radiation has less energy than the primary

radiation and travels in random directions striking the film from many different

directions. In the, radiography of thick materials the scattered radiation, if not con-

trolled, will form the greater percentage of radiation that reaches the film, adversely

affecting both the contrast and the definition of the radiograph. For ease of dis-

cussion, scatter is described with reference to its origin. Internal scatter originates

within the specimen. Side scatter originates from walls, or any other objects nearby,

that are in the path of the primary ray. Back scatter originates from any material,

wall, floor, table top, or cassette, that is located in back of the film.

Since we are now discussing those factors that affect the definition of the radiograph

we will leave hack scatter for the moment and discuss the effect of internal scatter

and side scatter on the definition of the radiograph.

SPECIMEN

INTERNAL SCATTER

SCATTER RADIATION

i

'	 it	 f

/	 SIDE SCATTER

^FiLM AND CASSETTE

Turn to page 2-13.
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Internal scatter. The amount of internal scatter is fairly uniform throughout a

specimen of uniform thickness, but the amount of scatter increases with the thickness

of the material and the density of the material.

Here we are showing a few rays of internal scatter to illustrate their effect on the

definition of the radiograph. Note that they can meet the film at a point outside the

area covered by the specimen, Note also that the image of the discontinuity can be

Diffused because the scatter radiation strikes the film where the image ought to be.

Scattered radiation from the thicker part of the specimen can be reaching the film

under the thinner sections and vice-versa.

In your opinion, then, internal scatter radiation	 the definition of the

radiograph.

improves .................... ... ...... ................ Page 2-14

lessens ............................................. Page 2-15
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Sorry - the internal scatter radiation lessens the definition of the r diograph. Let's

look at these cross sections and see why.

	

oil	 1^

f	 +	 1	 II	 1	 j	 1

	

SPECIMEN 	 ^ 1

ff	 ^

111	 1	 I	 I(	 ^	 ^	 ^

RA I, I

FILM

	

`r	 i 1 !	 i 1

On the left we show the radiograph that would be obtained if there was no internal

scatter. On the right we show the effects of internal scatter. Note how the scatter

has cut across the change of section to diffuse the sharpness of the image.

Internal scatter lessens the definition of the radiograph.

Turn to page 2-15.
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An excellent opinion. The internal scatter will certainly cause the image to become

diffused — poor definition.

Side scatter. Side scatter, originating from walls, or any other objects nearby, that

are in the path of the primary ray, approaches the specimen and film from the side

and causes a blurring of the edge of the image. This effect is called "edge cutting"

or "undercutting".

WALL	
i%
i

Here we show a few of those side-scattered rays that are undercutting the edge of

the image.

Side scattering, then,	 the definition.

improves .............................. .............. 	 Page 2 ­ 16

lessens... ....... ............. ...................... 	 Page 2-17
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No — side scatter does not improve the definition of the radiograph. Let's see what

effect side scatter has on the radiograph.

Sj 1^

	

,^^	 Il

	

j. 01
	 11

^^^	 11iii	 1 I
^^^	 11i

/\ \	 1

\	 \	 \	 1

%\ \	 \	 1

%%	 A
~	 \	 1 /I

On the left we show the radiograph as it would appear if there , ,,ere no scattered

radiation. On the right we sh^w the added effect of side-scattered radiation. Note

that the edges of the image are r- longer clear and sharp.

Side scatter lessens the definition of the image.

Turn to page 2-17.
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(tight. Since side scatter causes the image to become diffused it causes poor

definition.

One method of controlling internal scatter and side scatter is to prevent them from

reaching the film. This can be accomplished by placing a thin sheet of lead P It

between the specimen and the film. The screen absorbs the low energy s^ittered

radiation while allowing the higher energy primary radiation to pass on through.

Thus the lead intensifying screen will serve two purposes -- it intensifies the

primary image forming rays while blocking the scattered non-image forming rays.

Screens will be covered in more detail a little later on in the program.

Geometric unsharpness. Since a radiograph is really a shadow picture, the geo-

metrical rules that govern shadow formation by ligr.t also apply to producing radio-

graphic images. If the basic geometric principles of shadow formation are not

followed, satisfactory sharpness of outline and freedom from distortion will not

be obtained in the radiograph.

Turn to page 2-18.
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11cre is an illustration of the geometric principles that we are talking about.

' +	 SOURCE	 SOURCE	 1+'	 +1	 f '

1

1

1	 I

1	 ,	1/	 ,	 1	 1	 ► 	 1

	

1	 ,	 1	 V	 +	 '	 '	 +	 1
(	 ^	 it	 ,	 1	 1	 1	 1

	

1	 1	 ,^+,	 1 1	
{ 1

	

1	 i	 ,/	 ^,	 1 1	 i 1

	

,	 1	 1 /	 1 +	 11	 11

	

'	 SPECIMEN ,	 ^;	 ', ;	 SPECIMEN
ti	 It

	

^	 1

/	 1	 1	 1	 ,

1	 1	 ^'	 ' 1	 '	 1'
,	 /1	 1+	 '1	 11

1

FILM 	 ;,1 	 FILM	
it

SOURCE

SOURCE

	

It 	`	 '	 1

1	 '	 1

	

'	 ^	 1

	

/	 1	 /

	

1	 1	 '

SPECIMEN

1	 '

r-ILM

Here we see the effects of changing the size of the radiation source and of changing

the relative positions of source, object, and film. From an examination of these

drawings, you will see that certain conditions must be fulfilled to produce the

sharpest, truest shadow of the object.

Turn to page 2-19.
01111111111111110)
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Now we are going to compare certain figures that were shown on the previous page

and see if we can come up with some rules for preventing geometric unsharpness.

t' ',1

SOURCE	 ^'+'	 ^	 1
1

	

1	 ^	 1	 1	 +	 +

	

1	 ^	 11	
+^

	

1	 '	 11	
^+

'	 SPECIMEN	 11	 ^,
+

I
r  I M	 '	 ,1+

PENI.)MBRA

In this illustration we show the effect of the size of the source on the radiograph. On

the left we show the effect of a very small source. Note that the image of the specimen

has good definition.

On the right we show the effect of a larger source size. Note that the image of the

specimen has become fuzzy.

When the source is not a point but a small area, the image cast is not perfectly sharp

since each point on the source casts its own shadow of the subject, and all of these

shat';,ws are slightly displaced from each other, thereby producing art ill-defined or

fuzzy image. The fuzzy edges of the image are called penumbra.

The source should be as small as possible — as nearly a point source as is possible

to obtain,

Penumbra is the result of using too small a source.

True ........................	 . ............ .... .... . Paae 2-20
False ........................ .................. ..... Page 2-21
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Perhaps we've confused you into thinking that penumbra is the result of using a smell

source. Here we are showing what happens to the iin age as the source size grows

from a pinpoint up to 1/4 inch.

PINPOINT	 V8 INCH	 L4 INCH
j SOURCE	 4It SOURCE	 A it SOURCE

	

11	 11 0 1	 11	 11
11 1111	 11	 ► 1

	

11	 1111	 II	 It

	

II	 1111	 t	 j t

	

1 1	 I r t	 1 1 1 t

	

II	 111	 111	 t

	

I	 t	 I A t	 t	 11	 t

	

I	 I	 111 1	 1	 Y	 1

	

1	 1	 111 1	 ^	 I	 I

	

I I	 it 1 1	 i li i	 SPECIMEN

	

1	 1	 !) I t	 1 11 1	 /

	

I	 t	 11	 I I	 1 1	 1	 1

	

I	 1	 Ir	 1 1	 t i	 I t

	

1	 1	 it	 it	
t l	 1
I1	 't

	

1	 I	 II	 It	 II	 1;

	

1	 i	 r	 r	 r	 ,1

	

1 1	 o I	 1^ ^^ ..,

	

i	
II	 1

PENUMBRA	 !	 FILM

Notice that to form an image we .''raw a line from each side of the source through a

particular point in the specimen. In the figure at the left there is no penumbra

because all rays originate at one point. In the figure at the ri ght penumbra exists

because We rays coming from the left side of the source form one image and the

rays coming from the right side of the source form another image. If we drew lines

representing all the rays coming from the souA ce and passing through the same

point on the 6pecimen, each line would show where another image is formed. It is

no wonder that the edges appear fuzzy.

We hope that you now understand that penumbra can result from using too LARGE

a source of radiation. Penumbra cannot be completely eliminated because a point

source cannot be obtained. But by reducing the source size the penumbra effect can

be reduced to the point where it no longer represents a pr. ''

Turn  to page 2-21.
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it

You are doing fine. Penumbra results from too large a source -- not too small a

source. Penumbra cannot be completely eliminated because a point source cannot be

obtained. But by using the smallest source size possible the penumbra effect can be

reduced to the point where it no longer represents a problem.

Let's compare a couple more possibilities.

	

It	 Is

^, ; SOURCE-TO-SOURCE
SPECIMEN

SOURCE-TO-	 '^	 DISTANCE

SPECIMEN	 '^	 ; ;	 't I
DISTANCE

SPECIMEN

^Jf
Of ,I

i t	 1%	 h

,	 , I	 . FILM	 It	 .,

In this illustration we show the effect of changing the source -to-specimen distance,

Note that as the source moves away from the specimen the penumbra decreases.

The source should be as far from the specimen as practicable. When the source-to-

specimen distance is increased, the effect of the penumbra is reduced.

A short source-to-specimen distance is most desirable to reduce the effect of

penumbra.

True ...................... .... .............. .. .. .. . Page 2-22

False...... ....................... .. ......... .... .. . Page 2-23

• 410M
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Again we hit you with a false statement. The source-to-specimen distance must

always be as long as is practical in order to reduce the affect of penumbra. Fiore, in

a side view, we show the straight-line path of the rays that intercept the edges of the

specimen. Note the smaller penumbra that results from the longer source-to-specimen

d'.stance.

n 'i

SOURCE

SOURCE-TO- 
SPECIMEN	 i ^^
DISTANCE

SPECIMEN	 ^' ,^ î	SOURCE-TO-
SPECIMEN
DISTANCE

PENUMBRA

1	 FILM

Since our sources are never pinpoint sources we can assume that we will always have

some penumbra to contend with. In the figure on the left the penumbra is comparatively

small but when we shorten the source-to-specimen distance the penumbra effect

becomes larger. Had we increased the source-to-specimen distance the penumbra

effect would have become smaller.

Turn to page 2-23.
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You are right! The source-to-specimen distance must be as ions; as other limiting

factors will allow in order to reduce unsharpness and improve definition.

Now look at these examples.

f	 --
SPECIMEN
-TO- Fl LM
DISTANCE

1 07,1

	

r ,^^ 1	 SOURCE

	

1	 „	 1

	

r l	 1 1	 1^	 r l

	

I r	 1 1	 1	 1 I
1	 1

	

rr	 \1	 I	 1

	

II	 11	 1	 //	 ^	 1

- SPECIMEN
r1	 j1	 ^,	 , 1

r r	 ^^	 PFNIIMRRe	 ^.	 ^.

FILM

^^_

"^ECIMEN
'0-FILM
STANCE

In this figure we show the effect of changing the specimen-to-film distance. Note how

decreasing the specimen-to-film distance decreases the penumbra.

The film should be as close to the specimen as possible. When the specimen-to-film

distance is decreased, the effect of penumbra is reduced. An increased specimen-

to-film distance also produces an enlargement of the specimen image.

When specimen-to-film distance is kept as small as possible the definition is improved.

True .. . . . . .. . . . . 	 Page 2-24..................................

False ... . . . . . . . . . 	 Page 2-25..................................

•
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Fight you are. Reducing the effect of penumbra does improve the , definition of a

radiograph.

r,

r ,	 SOURCE

^	 r

SPECIMEN

r

r

r	 '	 FI LM

The rays from the source should be directed perpendicularly to the film. When the

source is not located on a line that is perpendicular to the film and pointing directly

down on the film, the image of the specimen will be distorted. We quite often identify

a discontinuity by the shape of the image. If the shape is distorted we will not be

sure just what the discontinuity might be.

Here we show two rays meeting the film at different angles. Which, in your opinion,

will give the least distortion to the radiograph?

	

^^—	 SOURCE

`	 SPECIMEN	 r

F'1 LM

	

A	 6

A................................................. 	 Page 2-26

B.................................................. 	 Page 2-27
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Anything that we do to reduce the effect of penumbra improves the definition of the

radiograph.

^ I
	

_` SOURCE	 ^^ Ir

	

1 nl	 ^+i

	

^ 1 1 1	 ( 1

	

^^	 Ir	 rr	 ri

	

1^ 1 ,	 /SPECIMEN

	

ii	 1I

	

h	 Ir

	

M	 Ir

FILM

PENUMBRA

Here, in a side view, we show the affect of decreasing the film-to-specimen distance.

Notice that as the distance between the specimen and the film decreases the penumbra

decreases. This decrease in penumbra results in better definition in the radiograph.

Turn to page 2-2-1,
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Whoa now! We ask for the ray that would give the least distortion. Here they are

again.

	

1, \\	 `^'"~- SOURCE

	

1	
SPECIMEN ---------.•-!^".'^

^	 ^	 I

1	 `'\	 A	 B	 It
1 	 \	 ^	 1

1	 \	 1

+	 \	 1	 1

FILM	 ;	 1

Perhaps you were confused by what is meant by "perpendicular to the film". It is a

difficult thing to explain and therefore just as difficult to understand. The rays from

a radiation source spread in all directions except where they might be blocked by

some means or other. On most radiographic sources some means is provided which

directs the radiation in the cone shape shown above. Let's draw an imaginary line

through the exact center of the ray.

SOURCE

It is this line that should form right angles with the surface of the film. If it forms

right angles, then it is perpendicular to the film.

Turn to page 2-27.

J
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Your opinion is a good one. The ray shown in sketch B is perpendicular to the Elm.

The ray in sketch A is not perpendicular to the film.

1	 ^

SOURCE

140, ^---
	 SPECIMEN

FILM

The above illustration shows that the film should lie in a plane that is parallel to the

plane of the specimen. When the film and the specimen are not in parallel planes,

distortion of the specimen image results.

RADIATION

'	 SPECIMEN

i
FILM

A	 S

Here we show a specimen being radiographed. On which area of the film can we

expect a distorted image?

A. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . Page 2-28

B...................... 	 . . . . . . . . . . . . . . . . . . . . . . . . . . . Page 2-29
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i^

	 A very good opinion. Making a radiograph is almost like seeing - what you see de-

pt-nds upon the anglc from which you view a specimen.

Geometric unsharpness then, can be controlled by following these rules:

1) ;source size should be as small as possible.

2) The source-to-film di4tance should be long enough to minimize the effects of

penumbra.

3) The specimen-to-film da stance should be a minimum.

4) The source and film locations should he such that the source rays are vertical to

the plane of the :ilm.

5) The film and specimen locutions should be such that the film anti specimen lie in

parallel planes.

Just to remind you of what we have covered so far -

RADIOGRAPHIC SENSITIVITY_--^

DEFINITION	 CONTRAST
AFFECTED BY

INHERENT UNSHARPNESS

SCATTER

GEOMETRIC UNSHARPNESS

Turn to page 2-30.

f



From page 2-27
	

2-20

You've missed the boat. Area A will have a distorted image of the specimen while

the image shown in area B will be undistorted. Let's look at an enlarged version.

Note how the angled leg of the specimen has been shortened on the radiograph. Since

the image is shorter than the specimen we know that the image is distorted.

Turn to page 2-28.
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Specimen shape. Another geometrical factor that affects the definition of the radio-

!zraph is the abruptness of thickn.,?ss changes in the specimen. It should' ve remembered

that an abrupt, though small, change its thickness of the specimen may show up well on

a radiograph while an inclusion of the same depth with more or !ess rounded sides may

not be visible. The image of the inclusion may well be invisible because of the very

gradual change in photographic density caused by the gradual change in specimen

thickness.

A
	

B

Here we show two specimens whose thickness dimensicr vary by the same amount.

In one, the change from one dimension to the other is abrupt while, in the other, the

change is gradual. Which specimen will have the best definition of the thickness

change on the radio graph?

A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Page 2-31

B .................................................. Page 2-32
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Ri ght! The radiograph of specimen A will show on abrupt change in density at the

place where the spechnen thielulcss change.; while the rutliograph of specimen B will

show a gradual change in film density between the two areas of inwximunj and minimum

thickness.

RADIOGRAPH OF	 RADIOGRAPH OF
SPECIMEN A	 SPECIMEN 8

Film grainines s. Definition is also influenced by the graininess of the film. Film

graininess results from the size of the individual silver grain clumps in the processed

film. All films have a certain amount of graininess resulting from exposure and

development of the X-ray image. The degree of graininess varies with the type of

film. Small grain clumps (fine grain) are desire] for good definition. Lwrge

(relatively speaking) grain clumps prevent the film from stowing a "knife edge" line

at a change of section in the specimen.

G.^aininess affects the definition of a radiograph of•,;auzz	 large grain clumps make

thc: film more dense.

Tree. . . . . . . . . . . . . . . , ...... I ...... I .... I . I . . . . . . . . . .	 Page 2-33

False ... I ... I ..... I .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 	 Page 2-34
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Sorry-you're wrong. Let's take a look at the radiographs that might be formed by these

two specimens.

RADIOGRAPH OF
	

RADIOGRAPH OF
SPECIMEN A
	

SPECIMEN B

Notice that the change in section is clearly visible in the radiograph of specimen A.

But it is very difficult to see exactly where the change starts and stops in the radio-

graph of specimen B. Keep in mind that here we are showing a rather large change

in thickness and are looking for the point where the change begins.

Turn to page 2-31.

a
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From p<<gc 2-31	 .. -33

The question may have mislc J you in that, at first, it se r e nis to be a true state nient. It

is not the blackness (density) of the brain clump that affects the definition so much as

it is the sire of the clump. When the clump is so large that it covers more area than

it should th!n it can project out into an area where it is not supposed to be. For

example:

OF
M

lvo%̂

^^avo ao^^
Q^;o3 0^^4
QO^a
^b a

0J '^^3p o^Boa
^3 o ^^,,4

00 
O,n

d^90^ o

a

EXPOSED	 UNEXPOSED
	

EXPOSED	 UNEXPOSED

This extremely magnified view represents two films of different graininess. The

line across the clumps represents a "'mife edge" view that we want to obtain in the

radiograph.	 Notice that, because of their size, the clumps on the left do not }hive the

ability to show the line as clearly as the clumps on the right,

Turn to pale 2-34.
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Excellent! For any given film, graininess usually increases slightly as Idlovoltage

increases, but not necessarily at the same rate for all types of fil l as. Because of

this, fine grain films are especially useful in the million and multimillion volt ranges.

Fluorescent screens. Fluorescent intensifying screens are another source of im-

sharpness or lack of definition. While this type of intensifying screen is not often used

in radiography, you must remember that, when used, they do lessen the definition.

The fuzzyness caused by fluorescent serc-ens increases with increased hardness of the

primary radiation. The higher voltage primary rays cause relatively less fluorescence,

thus the fluorescence caused by the lower energy scattered radiation becomes relatively

more affective. This fact bars the use of fluorescent screens with high kilovoltages

and with gamma rays.

Good contact between the film and the fluorescent screens is imperative. Any space

left between the film and the screens allows the light from the screens to spread

further resulting in a diffusion of the light through the film and subsequent loss of

definition.

When using fluorescent intensifying screens in radiography, you can expect some

in definition.

gain................................................ Page 2-35

loss..... . .......................................... Page 2-36

iMMMMMI

SCREEN

FILM

ELECTRONS
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You have just lost your ticket to the radiographers ball. You have forgotten that the

light from the fluorescent material spreads through the film. The film is exposed by

this light. Since the light spreads you Nvill get a loss of definition in the final

radiograph.

Turn to page 2-36.
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Excellent. We have now reached the point where we should have another short review.

Here are the factors that affect radiographic sensitivity that we have discussed so far.

RADIOGRAPHIC SENSITIVITY

DEFINITION	 CONTRAST

GEOMETRY	 FILM GRAININESS	 SCATTERING
AFFECTED BY	 AFFECTED BY

n •

SOURCE SIZE
(SMALL SOURCE
PREFERRED)

SOURCE-TO-F1 LM
DISTANCE
(LONGER DISTANCE
PREFERRED)

SPECIMEN-TO-FILM
DISTANCE
(SHORTER DISTANCE
PREFERRED

SOURCE OFFSET
:SOURCE MUST BE ON
LINE PERPENDICULAR
TO PLANE OF INTEREST

SCREEN-TO-FILM
DISTANCE
(CONTACT PREFERRED)

ABRUPTNESS OF
THICKNESS CHANGES
IN SPECIMEN
(UNCONTROLLABLE)

TYPE OF FILM
(SOME F1LMS ARE
MORE GRAINY THAN
OTHERS)

TYPE OF SCREEN
(FLUORESCENT SCREENS
DECREASE DEFINITION

RADIATION ENERGY
(KV) USED (HIGHER
VOLTAGES PRODUCE
MORE GRAININESS,

Look tbcse over for a bit then proceed to page 2-37 for a short review.

•
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SENSITIVITY

CONTRAST	 DEFINITION

1, Sensitivity is the measure of the smallest discontinuity that can be detected

on the radiograph.	 It is a function of

definition low-

A	 B

8. Example	 above shows good definition.

14, side scatter
I	 II

1	 1	 I

1F1% 
	 I

15. Internal scatter is scatter that originates the specimen.

T
111

21, minimum
+If

1	 +

22.. The primary beam from the source I	 1

should be	 (vertical,
f	 1	 I

I
I

horizontal) to the plane of the film
1	 +

f	 I	 i

to avoid distortion of the image.
I	 1	 1

•

J	 r.
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1. contrast, definition

2. The measure of the accuracy of the radiograph is called the sen

of the radiograph.

8. A

A	 g

9. Example	 _above shows poor definition and low contrast.

15. within (inside)

I	 I	 I	 i

16. The definition of the radiograph is ,'

adversely affected by

scatter.

22, vertical

23. An abrupt change in thickness of the specimen results ..n

(good, poor) definition of the change.
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2. sensitivity

3. The measure of the smallest diseontim.iity that can be detected on a

radiograph is a measure of the of the radiograph.

9.
RADIATION

10. When the radiographic ray strikes t

the film,	 are .liberated FILM

that expose the film. 	 They are the

cause of inherent unsharpness.

16. internal

17. Internal scatter	 (improves,

lessens) the definition of the t	 ^,!	 `;" ` 	 ► 	 i '

radiograph.

23. good ^^^. QvQU •"i^ "̂ o ,^^
•/^,Q/^

^

OQ Q

q d^

r^^I^
oo•a

g.̂ 'C,doad
o	 oC^o

•1`'
000
aso^

^^^

!^ t ^v^:'^
::•,y; d°-0

24. Graininess of the film also affects the ^'^ `̂ o r;.^ ^a

(definition, contrast)

of the radiograph.

•

v»^a^w.-xt^r^at: .., ......-s_.._..^nc..xe'c'»t'.c-^nmc« ^z 'i_„r ^	 .. ...,.. . .	 ..	 _...__^.-^•.	 -	 __ afn.'_ ^:..	 V•^	 a .+iu+. ^.a ^,rY... .	 .. ^. .a.. c.. _..	 ._.	 +,	 ...	 ..	 .^...^ .. ._. .+a.r
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3. sensitivity

4. Contrast is a comparison of the between two areas of the

radiograph.

10. electrons

11. Inherent unsharpness affects the (definition, contrast) of the

radiograph.

17. lessens

18. The geometrical rules that govern shadow formation by light

(apply, do not apply) to producing radiographic images.

24. definition

25. Fluorescent screens affect the definition of the radiograph since the light

through the film.

• ^
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4, densities

5. The above example shows "high" between areas A and B.

11, definition

12. We can do nothing to prevent inheront unsharpness, the process is

uncon

18, apply

19. The figure illustrates that the source  ,

size should be as	 C11

 1	 ^	 A

possible.

r •' rr . .r r	

:-`

ytlY^K

25, spreads

26. Use of fluorescent screens will  ;increase, decrease;

the definition of the radiograph,
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GOOD
DEFINITION

C. Definitior is the nivasur y of the  	 ^^f the outline of the

in-tage.

13. Another factor that causes fuzzy images is _	 -_ s

L9. small
	 i^

20. This figure illustrates that a large source

size can be compensated for by

the source-to-film distance. 	 R-7.
	

_V-2 IW`'

Now turn to the next chapter.

0
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A

6. sharpness

7. Tl,e radiographic image has good _._,^______ if the line of demarcation

between areas of different densities is clear and sharp.

Return to page 2-37,

frame S, and continue.

13. side scatter

1 41. Fuzzy images can result from undercutting which is caused by

Return to page

frame 15, and continue.

V7,01" SOURCE
20. increasing ; „'► 	 ; ►„'	 ;

21. Geometric unsharpness can be 'vninimtzed

^/	 ^ ► SPECIMEN	 ►

► ^^	 ►► ^
'

by keeping specimen-to-film distance at a
r	 ^

%;	 ^►►

(maximum, minimum)
:r

'	 tReturn to page 2-37,

frame 22, and continue. n tm

Turn to the next chapter.

J
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CI1,APT E R 3 -- RADK)GRAPHIC SENSITIVITY - CONTRAST

In Chapter 2 we discussed those factor that affect the definition of the radiograph.

In this chapter we are going to discuss those factors that affect the contrast of the

radiograph.

RADIOGRAPHIC SENSITIVITY

DEFINITION
	

CONTRAST

If you will recall, k ack in Chapter H we said that contrast was the comparison

between film densities for different areas of the radiograph. In those radiographs

where the difference in densities was very great we said that the contrast was "high"

and when the difference in densities was slight the contrast %,is "low".

HIGH CONTRAST LOW CONTRAST

w let's take a look at those facto-.r that affect radiographic contrast.

Turn to page 3-2.

0
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First of all it is convenient to think of contrast as being made up of "subject" contrast

and "film" contrast. Those factors in the specimen that affect or control the radio-

graphic contrast we refer to as "subject contrast". Thos factors in the film that

::effect or control the radiographic contrast we refer to as "film contrast".

Subject contrast. Subject contrast is best thought of in terms of tho transmitted inten-

sities. A radiograph of a specimen of uniform thickness and density has no subject

contrast because the radiation passing through the specimen (transmitted) at all

points is the same. On the other hand, a specimen that varies in thickness or density

transmits different intensities through its various areas thereby giving cor ^ terable

subject contrast.
PRIMARY
RADIATION

I	 I	 I	
I	

'	 I	 I	 I	 I	 1	 1	
I	 I	

I	 I
I

	

1	 (	 1	 1	
I	

1	 I	 I	 I	 I	 I	 I	 I	
I	

1	 I

I	 I	 I	 I	
I	

I	 1	 I	 1	 1	 I	 I	
I	

I	 I	 I

I	 I	 I	
I	

1	 I	 !	 1	
I	

t	 I	
I	 f	

I	 I

I	 I	 I	 1	
i	

^	 I	 I	 I	 I	 I	 I	 I	 I	 I	 I

I	 1	 I	 1	
I	

t	 I	 1	 1	 1	 1	 1	
I	 f	

I	 I

I	 1	 1	 I	 f	 I	 1	 I	 I	 1^^1	 ^	 1	 f	 1

	

1 ^^ I	 I .^^ 1	 I	 I	 I	 I	 I	 I	 I	 I	
L-^

i	 I	 1	 I	
f	

I	 I	 I	 I	 I	 1	 I	
f	

I	 I	 I

I	 I	 I	 1	 I	 I	 1	 I	 I	 I	 1	 I	
I	 I	

I	 I

I	 I	 ^.	 I	 1	 I	 1	 I	 f	 f	 I

	

1	 1	
f	

I	 I	 ,	 I	 I	
I	 I	

^	 II	 I	 i	 I	 I	 I	 I	 I	 I	 I	 f

I	 I	 I	 I	 I	 1	 I	 I	 f	 1

	

^	 1	 1

	

1	 I	 f	 '	 I	 1	 1	 I	 I	 1
I	 ^	 1	 ^	 1	 I	 ^	 ,

HIGH	 LOW
SUBJECT	 SUBJECT
CONTRAST	 CONTRAST

TRANSMITTED
RADIATION
INTENSITY

Let's settle then for the following formal definition: Subject contrast is the ratio of

x-ray or gamma ray intensities transmitted by two selected portions of the specimen.

A	 B

Which of the specimens above has the best subject contrast?

A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Page 3-3

B. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Page 3-4
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Very good. Since specimen B has uniform thickness the radiation will pass equally

well through all areas of the specimen and there will be no chringe in contrast in the

film that has resulted from anything in the specimen - no subject contrast.

SPECIMEN A
	

SPECIMEN B

Here we show two specimens - just alike - and inside each specimen we have a.

inclusion - the inclusions have the same size and shape but inclusion B is more dense

than inclusion A. Let us suppose that the base material of the two specimens is

more dens-e than either inclusion.

The subject contrast for inclusion A will be 	 than the subject contrast for

inclusion B.

less. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Page 3-5

greater.... . . ........ .. ...... . ............... ......... Page 3-6
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Apparently we've fogged up your think tank with this one.

I	 I	 c	 I	 I

I	 I

1	 1

'	 I	 1	 ^	 11	 ^	 1	 ,	 I

^	 ,	 1

ABSORBED
RADIATION

1	 ,	 1
I	 ,	 1

1	 ,	 1

I	 1

1	 ^	 i

PRIMARY
RADIATION'-,

I	 1	 ,	 1

1	 1	 ,	 1

I	 1	 ,	 I

I	 1	 ,	 1

I	 I	 ,	 I

I	 1	 ^	 1

^	 I	 I

TRANSMITTED
RADIATION

I	 ,	 1

'

1

'

,	 I

I	 1

1	 1	 1

1	 1	 I

I

'

'

'

I	 1

1	 i

1	 1

I	 1

1	 I	 ' I

I	 I

1	 I

I	 '	 1

Here we are trying to show what happens to the radiation as it passes through the

specimen. In the specimen on the lefL the thicker section absorbs more of the rays

than the thin section. Therefore the thin section transmits more of the rays than the

thick section. If we compare the transmitted intensity of the thick section with the

transmitted intensity of the thin section we will find that there is a difference. This

difference will cause different film densities in the radiograph of this specimen,

hence will µ.-ause a contrast in the film image that is due to the specimen.

In the specimen on the right there will be no change in the transmitted intensity over

the entire specimen since all areas are transmitting the radiation equally well. Hence

there will be no density differences on the radiograph of this specimen -- no subject

contrast.

Turn to page 3-3.

• ^
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Well, this was a tough one. Let's analyze the problem,

1	 I	 1	 ,^	 i	 I	 I	 t	 ;	 1	 ,	 1	 (	 1	 ;	 I	 ^
t	 I	 I	 I'	 1,	 1 ''	 1	 I'	 I	 i

I
I	 I	 11	 1,	 1 '	1 ,	 1'	 I
I	 1	 I	 1'	 I	 ,	 1	 I	 '	 1	 I	 I	 I'

I	 I	 I	 I	 I	 I	 1	 1	 I
1	 I	 I	 I'	 1	 ,	 I '	 '	 I	 1'	 I'
I	 I	 I	 I	 ^	 i	 l	 l ^	 ^	 l	 l	 ^	 l	 ^

I	 I	 I	 t	 ♦ 	 1	 I	 I	 I
I	 I	 ,	 i^	 I	 1	 (	 1	 I	 I	 I	 I

1	 I	 I	 1	 ,	 1	 ^,	 I	 i	 I
1	 I	 ^	 I	 1	 I	 I	 I
1	 1	 I	 1	 ^	 I	 I	 ^	 ^
I	 1	 I	 I	 1,	 1

I

1	 I	 I I	
IT^1

A

'	 l	 l	 l	 l	 l	 l	 l	 l ,	 l	 l('	 I

'	 I'	 l	 l	 l	 t	 l	 l ,	 l	 l	 l	 l	 l

'	 I	 I	 I	 1	 I	 I	 I	 I	 I	 I	 I	 I	 I	 ,

^	 I	 ^	 I	 I	 1	 1	 I	 1	 ,	 1	 I	 ,	 i	 ,
I	 I	 I	 1	 1	 1	 ^	 I	 I	 1	 I	 i	 I	 I
I	 I	 I	 I	 1	 1,	 ^	 I	 I	 I	 I	 1	 I

I	 I	 1	 ^	 I	 I	 1	 I	 ,

i

B

First — remember that the specimens are more dense than either inclusion.

Second — the inclusion is more dense in specimen B than in Specimen A. It follows

then, that the change in density between the inclusion and the specimen is greater

in specimen A.

The greater change in density means a greater change in transmitted intensity for

specimen A.

Turn to page 3-6.

a William
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Excellent. You seem to understand the relationship between subject contrast and
M

change in specimen density. A specimen that varies in either thickness or density

transmits different intensities through its various areas resulting in contrast on the

radiograph.

Radiation energy. Subject contrast is affected by the energy of the radiation. In

general, the best possible subject contrast is achieved by utilizing rays produced by

the lowest kilovoltage that will penetrate the specimen. In the next few pages we will

show you why this is true.

SOFT RADIATION

1 HALF-VALUE { d
LAYER	 ` '— — - —

d

dT

d
—

 
—

 
- --- l --

1/16	 1/4	 AMOUNT OF
PENETRATION
(INTENSITY)

Let us suppose that, for a ray of a given wave length, the half-value layer of this

particular specimen is equal to "d". For section thickness "a" the radiation will

have to penetrate through 4 half-value layers and will emerge at 1/16 the original

value (1/2 x 1/2 x 1/2 x 1/2 = 1/16). For section thickness "b" the radiation will

have to penetrate through 2 half-value layers and will emerge at 1/4 the original

value (1/2 x 1/2 = 1/4).

Remembering that subject contrast is the ratio of the transmitted intensities, compare

the transmitted intensity of section "a" with the transmitted intensity of section "b".

The subject contrast between the two areas is

4	 ................................................ 	 Page 3-7

16 ................................................ 	 Page 3-8

.-.-_..... _....r	 _ .,^..	 _ x..	 .^
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Excellent choice. 1/4 divided by 1/16 ® 4. Now let's use a shorter (harder) wave

length. bet's increase the voltage to obtain a wave length that will cause the half.-value

layer in this material to be "2d".

HARD RADIATION

1 HALF-VALUE I d
LAYER	 d	 -

- _ a — a
d
--- --- b --

d	 1

1/4	 1/2	 AMOUNT OF
PENETRATION
(INTENSITY)

At section "a" this ray will now have to penetrate two half-value layers and will emerge

at 1/4 of its original value. At section "b" the ray will have to penetrate one half-

value layer and will emerge at 1/2 of its original value.

Comparing the transmitted intensities of 1/4 and 1/2, the ratio of subject contrast is

2	 ...........	 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Page 3-9

4	 . . . . . . . . . . . . . . . . . . . . . .	 . . . . . . . . . . . . . . . . . . . . . . . . . . . Page 3-10
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Perhaps you don't understand just what we mean by "the ratio of transmitted

intensities". To take a ratio of two numbers you compare them by dividing the

smaller number into the larger number. In this case it works like this; 1,/4 (the

larger number) divided by 1/16 (the smaller number) equals 4.

1/4 = 16	 _ 4
1/16	 4

or, if your math is a little rusty, you can think of It this way;

1/4- 4/16; therefore 1/4 is 4 times as big as 1/16.

The ratio between 1/4 and 1/16 therefore is 4. The ratio of transmitted intensities

is 4.

If the fractions confuse you let's use some real values. Suppose the radiation from

the source had a value of 3.6 roentgens per minute. One fourth of this would be 4

roentgens per minute transmitted intensity. One sixteenth would be 1 roentgen per

minute transmitted intensity.

4 roentgens
1 roentgen

Ratio of transmitted intensities - = 4 - contrast

Turn to page 3-7.
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Excellent. Referring beck to page 3-6, when using the softer radiation, the contrast

figured out to be 4. When we increased the energy of the radiation the contrast

figures out to be 2. Thus by increasing the penetrating power of the ray we have

decreased the contrast from 4 to 2. However, there are limits to how far tiie

kilovoltage can be changed.

A
	

B

	

TOO LOW Kv
	

TOO HIGH Kv

1	 ^	 1	 1	 I	 I	 I	 I	 I
I	 i	 I	 I	 1	 I	 I	 I	 I
I	 I	 I	 1	 1	 1	 1	 I	 1
1	 1	 ^	 i	 1	 1	 1	 1	 I

SPECIMEN

I	 I 1	 I I	 I^'	 I

	

I 1^^1 I I	 I	 1^1
1 '	 FILM	 1	 I	 '^I

0.0	 2.0	 4.0	 DENSITY	 4.0	 4,0	 4.0

As shown in detail "A", a very low kv results in zero penetration of the thickest

section of the specimen, while in the thinest section, penetration is sufficient to

give a very high density. This results in very high contrast, but is obviously

impractical since discontinuities that might lie in the thickest section could not

appear on the image. In detail "R" a kv is selected that is so high that it penetrates

all sections alr, -)st equally; thus, the result is almost equal density on all sections

of the radiograph with no contrast at all.

Contrast, within certain limits determined by specimen thickness, is affected by

the energy of the ray.

True.... .. .... .. .. .. .... . . .... .. .. .. .... .. .... .... .. Page 3-11

False............................................... Page 3-12
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Whoa! Since 1/2 is twice as large as 1/4 they have a ratio of two. A ratio can always

be thought of as the number of times the smaller number will go into the larger

number. In this case 1/2 divided by 1/4 equals 2; or, if you prefer, 1/2 is twtcc , as

Mg as 1/4.

Turn to page? 3-9.
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Very goc;d l The energy of the ray has a direct effect on the subject contrast. hat's

take another lock at the effect of increasing the hardness of the ray. 0n the test we

show the penetrating, effect of the softer ray that we covered  on page ,1-6.	 On the

right we show the i>enetrating effect of the harder ray that we covered on page 3-7.

The radiograph of each specimen shows the effective film density thaat results from

the penetration of the r:#ys. The nuti,. ers show the comparative aniount of penetration.

SOFT RADIATION
	

HARD RADIATION

d

d
a.,

d
— — — - — -- -- b
d	 I _

1/4	 1/2	 -AMOUNT OF
PENETRATION
(INTENSITY)

d

d
- -- -- a —
d	 I

d	
a

1/16	 1/4

From a study of the above, which of the following statements is true?

Increasing the energy of the ray increases the subject contrast ... ...... Page 3-13

Increasing the energy of the ray decreases the subject contrast ......... Page 3-14
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From your answer we 4issume you feel that contrast is not affected by the energy of

the ray.	 This is not true.	 Contrast is Affected by Vic energy of the ray. increasing;

the kilovoltage across an v-ray tube increases the energy of the ray. As the energy

of the ray increases to ,I
	
value, the penetrating bower of the ray increases so

that the rays pass through all thickness of the specimen with almost equal ease.

When this occurs there can be no noticeable subject contrast. '1141H is one extreme.

At the other extreme, the energy of the ray is so reduced that it cannot penetrate

the thicicer parts of they specimen while easily per sing through the thinner parts,

then we get a high transmitted intensity for the thinner areas but no transmitted

intensity for the thicker areas. This results in a great deal of subject contrast.

Turn to page 3-11.
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Let's take another look at the illustration.

SOFT RADIATION
	

HARD RADIA i ION

d --4 -
d
— — — .a . —
d	 +a — — I. — — — i --

d

d

Note that the radiograph on the left shows u large variation in the density between

the two areas. This means that it has high contrast. Note that the radiograph on

the right does not show as great a variation in density. This means that it has less

contrast.

This change in the degree of contrast between the two film illustrates exactly what

we mean when we say increasing the energy of the ray decreases the subject. ot.u'itrast.

Turn to page 3-14 and proceed.
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Excellent. This point is difficult but you seem to understand it. Increasing the

energy of the ray does decrease subject contrast.

Lets summarize what we know about subject contrast.

Subject contr, ►t is affected by:

Thickness differences in the specimen.

Densit ,; differences in the specimen.

Radiation energy (kev) used.

The next factor that we are going to consider is film contrast. "Film contrast" is

defined as the inherent ability of a film to show a density difference for a given

change in film exposure (radiation received at the film). The different film manu-

facturers all produce several different types of films that are used in radiography.

Some types have the ability to show more "film contrast" than other types. Assume a

given change in exposure from one area of the film to another -- the film that shows

the greatest density difference has the greatest contrast.
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In the illustration above assume that we have exposed these two films together - that

is one right beneath the other -- so that they both received the same amount of radia-

tion (exposure) transmitted through the specimen.

Why ch film has more "contrast"?

Type A	 . . .. .... ............ . . .. .. .. .. .. .... .. .. .. .. .. Page 3-15

TypeB . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . .. Page 3-17
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NOTE:
THE CHANGE IN EXPOSURE
FROM E1 TO E2 IS EQUAL
TO THE CHANGE IN EXPOSURE
FROM E3 TO Eq.

From page 3-14
	 3-1J

Right! Since film A shows a greater change in density for a given change ire exposure

it shows more contrast.

Films that show high contrast are desired when small defects are sought, since the

small change in exposure represented by the change is transmitted radiation caused by

a small discontinuity must be shown by a discernible density difference in the film image,

Let's expose several pieces of one type of film with different exposures and then plot

the exposure versus the acquired density. When we do this we get a curve that shows

the relationship between exposure and density for that type of film. In general such a

curve will look like this —

EXPOSURE E 1 RESULTS IN DENSITY D 1
u	 E	 rr	 u	 u	

D	
H

2	 2	 v1

E	
it

	
D.	 w

3	 3	 0
u	 E	 u	 n	 it

4	 4

E 1 E2 E 3 
E 

EXPOSURE

This curve shows that the contrast of the film increases as the film density increases.

For example — suppose that the exposure of the film varies from E 1 to E2 due to a

void in .:;. specimen. Note that the resulting contrast is the deference  between D1

and D2 . Now if we had us.d a higher exposure so that the void had caused a difference

.n exposure E 3 to E4 (equal to E 1 -E 2 ), the difference in density is now D3 to D4 . This

is considerably greater contrast than D 1 to D2.

Thus we can say that film contrast improves with increasing film density. The darker

the film the better the contrast. (There are exceptions to this rule which will be dis-

cussed in due time).

Turn to the next page.
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Remember -- film contrast improves with film density.

Here we show two similar specimens that differ only in their thickness. Note that

the change in thickness (a) of each specimen is the same. :assuming that bc.th

specimens receive the same exposure and that the same type of film is used, which

radiograph is going to show the most contrast?

A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Page 3-18

B. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Page 3-19

49WIA^
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You don't seem to underbtand the term "contrast". Here we are illustrating

exactly what is meant by contrast.

A
	

B

Note that in radiograph A we are showing a very light area next to a very dark area.

These two areas of the radiograph show a great deal of difference in darkness

(or density). Therefore the radiograph shows a great deal of contrast.

In radiograph B one area of the film is only slightly darker than the other. Since

the difference in darkness (or density) is only slight, the radiograph has very

little contrast.

Turn to page 3-14, re-examine the question and select the other answer.
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Sorry. Let's analyze the problem.

Specimen A is going to absorb more of the primary rays than specimen B. Therefore,

film A is going to receive less radiation than film B. Therefore, film A is going to

be less dense than film B. Therefore, film A . is going to have leas contrast than

film B.

Here's what the above situation would he if she ^vn on the film exposure curve.

D4----------

B	 I

F1 LM	 I
DENSITIES	 I I

^D2-- _-- - I	 I
A 

	
1	 I	 II I

I	 I	 i	 I
E 1 E 2 E 3 E4
%"^ w
A	 B

EXPOSURES

Although the change in exposure for film A (E2 - E1) is equal to the change in exposure

for film B (E4 - E3), the change in film density for film A (D 2 - D1) is less than the

change in film density for film B (D4 - D3 ). Film A will have less contrast than film B.

Turn to page 3-19.
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Excellent. That took some reasoning. We hope you realized that specimen B would

not absorb as many rays so film B would receive more exposure. We hope you

reasoned that since film B received more exposure that it would be dvrker (more

dense) and since it was more dense it would have more contrast.

Since contrast is affected by the acquired density, the radiograph should always be

exposed to give the highest density which can be viewed and diagnosed with the

available viewing equipment.

Now let's take just a moment and sum tip what we have learned about contrast.

CONTRAST

SUBJECT CONTRAST
AFFECTED BY

THICKNESS DIFFERENCES
IN SPECIMEN (THE GREATER
THE CHANGE IN THICKNESS
THE GREATER THE CONTRAST)

DENSITY DIFFERENCES
IN SPECIMEN (THE GREATER
'THE CHANGE IN DENSITY
THE GREATER THE CONTRAST)

RADIATION ENERGY
(KEV) USED (HIGHER ENERGY,
LESS CONTRAST, LOWER
ENERGY, MORE CONTRAST

FILM CONTRAST
AFFECTED BY

TYPE OF FILM (SOME FILMS
GIVE BETTER CONTRAST THAN
OTHEkS AT A GIVEN EXPOgURE)

DENSITY OF FILM IMAGE
(THE DARKER THE FILM THE
GREATER THE CONTRAST)

Review these factors to fix them in your mind for a minute or two -- then

turn to page 3-20.

•
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Scatter. radiation. In the last chapter we saw how internal scatter and side scatter

affected the definition of the radiograph. Contrast is also Wfluenced by scattered

radiation from these sources. In addition, back scatter also influences the contrast

of the radiograph.

1 ^^ ^^ '` I I	 '1 1 i

I

1
1

i

I

1

1	 I	 RADIATION
I	 I	 I

I	 1	 1

1	 I	 I

I	 I	 I

I	 I	 1

I	 I	 ► 	 SPECIMEN
1

I	 I

I	 I	 I

1	 1	 '	 FILM
1	 I	 I

I	 I	 I

I	 I	 I

I	 I	 I

I	 I	 1

I	 I	 I	 1	 I	 BACK SCATTER

FLOOR OR WALL

Scatter from all these sources, if allowed to reach the film, would cause a haziness

or fog over the whole image, or parts of it, thus reducing contrast.

The contrast of the radiograph is 	 by back scattered radiation.

improved...... .... .. ........ . . ...... . . .... .. .. .. .... Page 3-21

reduced.. . . .. .. .......... .. . . .. .. ... .. .... . . . .. . . . . .. Page 3-22

•
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By your selection you have indicated that brick scattered radiation improves the

contrast of the radiograph. This is not co.-rect. C'oi.sider the radiograph of a

specimen of uniform thickness that contains an inclusion.

'	 ^_^	 '	 ► 	 SPECIMEN 

FILM
i ^_'^.'._^^;^.► 	 ''ter	 ^ ' ' E. ^ .' ^ '^ .;^_... ^' ' ^

BACK SCATTER-.

WALL,,i

In the radiograph on the left (no backscatter) the image  of th , inclusion is in good

contrast with the background image of the specimen. In the radiograph on the right,

the image of the inclusion is visible but because the back scatter has intercepted and

exposed the film where the image should be, it does not have good contrast with the

background image of the specimen.

Turn to page 3-22.
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That's right, the contrast of the L adiograph will be reduced by back scatter.

Internal scatter, side scatter, and back scatter all affect the contrast of the radio-

graph. In Chapter 2 we learned that internal scatter and side scatter also affect

the definition of the radiograph. It is apparent then that if all types of scattering

are reduced or kept from reaching; the film, the duality of the radiograph will be

improved.

Scatter control. Since scatter produces an overall fogging, reduces the contrast of

the image, and spoils the sharpness of the image, steps should be taken whenever

possible to reduce scatter to a minimum. Various techniques are used to control

and reduce scatter radiation.

Turn to page 3-23.
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Screen&. The cheapest, most convenient, and most universal means of controlling

the effects of scattered radiation are sheets of lead foil called screens. As you

learned earlier in this book, land scr c(.nis serN e to increase the photographic

action on the film largely by reason of the secondary radiation ()f cl-_-etrors emitted

from the :screen.

In addition to intensifying the film image, lead screciis serve to filter out (a.bsorb)

low vner ,ry se attered radiation while heing to( , thin to appreciahlr ahscr rh the high

Energy primary rays. Thus, they serve to control scattered raWiation and improve

the film image quality (definition and contrast).

.;,
N''l l '+^\	 gr'YI'^ \

7,	 I	 ,	 1	 \
WITHOUT	 WITH
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t \ \

^	 I
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SCREEN ­

Scattered Scattered radiation is absorbed more than primary radiation by the lead screens

because

the scattered radiation has more energy .. .... . 	 .. Page 3-24

the Primary radiation has more energy 	 . . . . . . . . . . . . . . . . .. . . . . . . Page 3-25

VIM,
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You have forgotten one of the basic facts in radiography. Sea.ttered radiation always

has less energy than the primary rad ^kltkor , . Since the scattered radiation hats less

energy it is more easily absorbed by the leaad.

Perhaps you are still confused by the relationship between wave lenlrth and energy.

If so, you had better learn it fast because you are going to need it. Short wave

length -- high energy. bong wave length •— low energy.

Turn to rage 3-25.
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Fight. The rays with the lower energy are absorbed. Since the scattered rays have

lower energy than the primary rays they are absorbed more.

Back screens, because they do not have to permit passage of any rays to create the

film image may be of any required. thickness. Thus, back screens may be used that

are thick enough to absorb essentially all back scattered rays.

SPECIMEN

FRONT SCREEN

FI LM
BACK SCREEN

Back screens, when thick, are effective in blocking back scattered rays because

they absorb

essentially all the back scattered rays of all energies . .. .. .. .. .. .. . . Page 3-26

the lower energy back scattered rays . . .. . . .. . . . . . ... .. .... . . .. Page 3-27
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Good! The back screen serves to absorb essentially all of the back scattered

radiation of all energies.

The front screen also has the effect of intensifying the primary radiation more than

the scattered radiation. Any scattered radiation that is absorbed by the screen does

not have a high enough energy level to cause an appreciable number of electrons

to be emitted from the screen. Since the primary rays do have the energy to

cause many more electrons to be emitted from the screen, their effect is intensified,

Emission of electrons from front screen to film results mostly in intensification

of	 energy level rays.

high.. . . . . .... .... .. .. . ... . . . . . .	 . . . , . . . .. .. .. .. . . .. Page 3-28

low.. .. .. . . . . . . .. .. . . . . . . .. . . . . . . . . .. . . . . .. .. . . . . . . .. Page 3-29
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Sorry, I'm afraid you do not have the rmint. Don't forget that the absorption

ability of any material depends upon tl.e thickness of the material. Since the back

screen is thicker it is capable of absorbing a wider band of ray energies than the

thinner front screen. That is to say, the back screen will absorb all of the rays

that the thinner screen will absorb plus some more of the higher energy rays.

Turn to page 3-29 and continue.
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Right! The lead screen essentially intensifies the high energy level rays and absorbs

the low energy level rays. The filtering effect and intensifying effect of the lead

screens is dependent upon the energy level of the rays. .above 150 Kv the intensifying

feature is more effective because the rays have the necessary energy to liberate

electrons in the screen. Below 150 kv the shielding effect overcomes the intensifying

effect as more of the primary rays will be absorbed.

Proper care and use of screens is very important. Contact between the lead foil

and the film is essential to good radiographic quality. As in any intensifying screen,

fuzzy images are produced whenever the screen and film are not in close contact.

Scratched, buckled, crimped, or gouged screens can show im:,zges on the film which

may result in rejection of the final radiograph. Grease, lint, dirt, lead chips, etc. ,

because they absorb radiation, will cause a screen to produce their marks on the

film. Deep scratches on lead foil screens wilt result in dark lines on the film.

These images may be confused with defect images. Oxidized screens may deposit

lead oxide on the film. This oxide will cause streaking or staining of the film upon

development.

Turn to page 3-30.

3 -2l Y
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You've forgotten some of the basic theory of radiography. 1Iigh energy rays,

because of their abundance of energy, are capable of knocking large numbers of

electrons from their orbits in the atom. The lead sheet is a good emitter of

electrons when it is placed under the high energy X or gamma radiation. Low

energy scattered rays do not cause as many electrons to be emitted from the lead.

Since the primary rays are always of a higher energy than the scattered rays,

the screen intensifies the effect of the primary rays more than the effect of the

scattered rays.

Turn 'L;o page 3-28.

LAMMUM
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Filters. The scatter effect is also reduced through the use of sheets of copper or

lead placed between the source and the specimen. These sheets, usually several

millimeters or more thick, are called filters since their purpose is to filter out

the lower energy, soft radiation which tends to scatter more.

SOURCE

'	 r
1

I	 ^

^i	 FILTER

SPECIMEN

FILM

The filter absorbs more of the	 energy rays from the X-ray beam leaving a

higher average er .rgy beam to penetrate the specimen and expose the film.

low ................................................ 	 Page 3-31

high...............................................	 Page 3-32
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Excellent. The low energy rays are filtered from the beam to leave a higher

average energy beam.

FILTER

,^	 V

LOW ENERGY HIGH ENERGY 	 HARD &
(SOFT)	 (HARD)	 SOFT
RAYS	 RAYS	 RAYS

HIGH AVERAGE ENERGY

Here we are showing the effect of a filter. In the view on the left 'there is no filter.

In the view on the right we show the effect of adding a filter.

Since the filtered beam now has a higher average energy there will be less interna'

scatter from the specimen. Thus filters are another method of controlling .scatter.

REMEMBER -- HIGH ENERGY ,RAYS PRODUCE MORE ELECTRONS BUT LESS

SCATTERED RADIATION THAN LOW ENERGY RAYS,

Filters are used primarily with X-rays. Gamma rays usually have a limited range

of wave lengths and a filter that would eliminate one wave length might eliminate

all rays.

The filter is effective in reducing scatter because it reduces the amount of

scatter-producing radiation in the beam.

low energy .. ...... ...... ..... . .... . . . . .. .. .. .. .. .. .... Page 3-33

highenergy	 . . ..... .... . . .. .. . . ..... . .. .. .... .. .. .... .. Page 3--34

a
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No. We are not changing the rules of radiography. Just as the screen absorbed

the low energy rays, the filter also ,absorbs the low energy rays. Remember in

any material the low energy rays are absorbed first. If the material is thick enough

or dense enough then almost all rays of almost all energies are absorbed.

When a filter is placed between the source and the specimen the low energy rays

are absorbed by the filter leaving a higher average energy beam to expose the

radiograph.

Turn to page 3-31.
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Right. The filter reduces the amount of soft, low-energy radiation in the beam.

Since the soft radiation tends to scatter more, the filter effective.y reduces scatter.

When filters are used it may be necessary to increase the time of exposure to com-

pensate for the radiation absorbed by the filter. Remember, too, that absorption by

the filter increases with the density and thickness of the filter material.

Masking. Anothor technique that is used to reduce the effect of scatter when radio-

gm, phing castings or other irregularly shaped objects is masking. Masks are pre-

pared by cutting an opening in a lead sheet that will fit around the specimen. Other

pieces may be cut to fit internal holes in the specimen.

MASK

UA Excess primary rays are absorbed, cutting down on number of rays
available to cause any scatter from external sources.

OB Internal scatter causing edge cutting is reduced.

C@ Side scatter causing edge cutting Is reduced.

The mask is made of radiation absorbing material and is placed

the specimen.

ontop of	 ... .. ... ...... . ...... ........ . . .. .... ...... . 	 Page 3 -35

around. ...	 . .... .. ..... .. .... . . . . . ... .. .... .. .......	 Page 3-36
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We've got you thoroughly confused. let's see if we can straighten things out for you.

You must remember these facts;

1) Soft radiation is low energy radiation, and hard radiation is high energ=y

radiation.

2) Soft (low energy) radiation results in more divergent scattering of radiation.

3) Filters reduce the amount of soft (low energy) radiation in the beam.

4) Therefore — the filter effectively reduces scatter by reducing; the amount of

low energy radiation in the beam.

Do not confuse scatte -4 	of electrons with scattering of radiation. Flig;h energy radia-

tion produces more electrons but less scattered radiation than low 2nerg; ,y radiation.

Turn to page 3-33 and continue.
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Let's take a closer look at the illustration.

i
0

MASK

OC	
i

	

O	 10
`	 ,

3-3a

MASK

The mask is placed around the specimen -- not on top of it. In order to redr'ce edge

cutting, the absorbing material must be down around '.ie edges of the specimen to

be in position to intercept and absorb the scattered radiation that causes edge

cutting (B and C above).

Turn to page 3-3t,
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Right. The mask is placed around the specimen.

Other types and forms of materials are also used as masking. Metallic shot or

powder (lead, copper, or steel) may be placed around the specimen to serve as

a mask. Lead and steel wool arc, also used. Barium -a cid bismuth clay are good

radiation absorbers and are easy to mold around irregular objects. Liquid

absorbers can also be used.

The material used in masking must have a 	 radiation absorbing

ability.

high. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Page 3-37

low.. .... .. .. .. .. . . .. . . . .. . .. .. . . .. .. . ... .. . . . . .. . . Page 3-38
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Very good. The masking material must have the ability to absorb the radiation that

it intercepts. It must have a high radiation absorhing ability,

We know that any material that receives primary radiation from the source will

generate scatter. It follows then that we can reduce scatter by limiting the radiation

beam to the area coverer' by the specimen. Primary radiation not reaching side walls,

etc. , cannot add to the scatter problem. In some cases, a lead diaphragm, or lead

cone, on the tube head of an X-ray machine, or a collimator on an isotope source,

may be a convenient way to limit the area covered by the X•-ray beam. Such lead

diaphragms and collimators are particularly useful where the desired cross section

of the beam is a simple geometrical figure such as a circle, square, or rectangle.

In addition, any reduction in the area of radiation is a good safety practice.

X-RAY
-'SOURCE

ISOTOPE

	

SOURCE	
LEAD

	

«J	 DIAPHRAGMS	 ^^\

i

	

/	 1	 I	 \	 ^

	

COLLIMATOR	 /^	 ► 	 \\

i

Finally, shielding of nearby objects, walls, floors, etc, with lead sheet serves to

absorb much of the side and back scatter radiation so that it cannot reach the film.

It is always desirable to limit the amount of material other than the specimen that

receives the direct radiation from the source.

True ...................	 .......................... 	 Page 3-39

False.........	 ................................... 	 Page 3-40
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Slow down. You are not thinking. Th y; mask, to be effeef-Y.e, must absorb all the

radiation that it intercepts. The mask must have the ability to absorb both the

primary radiation and any scattered radiatioi that strikes it. Therefore it must

be a good radiation absorber. It must have a high radiation absorbing ability.

Turn to page 3-37.
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Very good. It is always desirable to limit the amount of material that is receiving;

d,rect radiation. It. is not always possible, but it is always desirable.

Kv -ind scatter. At the beginning of this chapter we discussed the effect that the

energy of the ray had on contrast. You learned that, within limits, the higher kv

gave less contrast.

Now we are going to see how kv affects scatter. Back in Volume I you learned that

scatter resulting from a high energy primary ray did not have as large a scatter

angle as the scatter resulting from a low energy ray.

This essentially tells us that the effect of scatter from low energy rays is worse

than the effect of scatter from high energy rays. Scatter from low energy radiation,

traveling at a greater angle with respect to the primary radiation, will cause a

greater degree of fuzzyness in the image. From this we car, draw the conclusion

that increasing the energy of the ray will reduce the effect of scatter.

In X-radiography we can increase the average energy of the bears by increasing the

kilovoltage across the tube.

Increasing kv, then, will	 the effect of scatiLer on the radiograph.

decrease. ..... ...... .............. ........ ... ... .... Page 3-41

increase. .. ..... ........... .......... .. ... . .. ..... . .. Page 3 --42
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You missed the point. It is always desirable to limit the amount of material that

receives the direct radiation from the source. Here's why —

Whenever the p- unary radiation strikes any material, scatter is created. This

scatter is not helpful to the radiograph so any meara to reduce scatter is desirable.

If, then, we ren,.,ve all the material we can from the direct beam of radiation and

limit the cone of radiation, we are eliminating sources of scatter and thereby reducing

scatter.

Turn to page 3-39.
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Hight! As voltage across the tube is increased we get less scatter to fog; the radio-

graph and to cause fuzzy images, but we also get less contrast in the final image.

As voltage across the tube is decreased we get more contrast but %vc also get more

scatter. What is important to you at this point is that you unders <<.-id the effect

thaat changing; the voltage will have on the final image.

Suppose that you had taken a radiograph of some part and found that the edges of the

part did not show too well on the radiograph. Keeping everything; else the same,

what would you expect from the next radjog; -aph if you raised the voltage across

the tube ?

ai;, ter image	 . .... ...... . . .. .... .. . . . . . . .. ..	 ..... . Page 3-43

* sharper image . . . .. . . .... . . .. .. .. .... .. .. .. .. .. ... ... Page 3-44

ON0



From page 3-39
	

3-42

No — you've got it backwards. As the voltage across the tube is increased we can

expect less scatter and less contrast. The higher voltage across the tube results

in more energy in the wave. The added energy causes the ray to collide with an

electron without changing its path very much. The paths of low energy waves are

changed considerably when they collide with the electrons of the material in the

specimen. Thus low energy waves create more scatter than high energy waves.

The added energy of the high energy ray perrr,its the ray to penetrate all thicknesses

of the specimen almost equally well. Since; the penetration is almost equal in all

areas, the contrast must necessarily be reduced.

Higher voltages — less scatter, less contrast -- that's the picture.

°T urn to page 3-41 and continue.
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If you expected a lighter image you are going to be disappointed.

The hither voltage across the t-ibe is goint; to give you a more penetrating, high-

energy ray. The added penetration is going to darken the image.

Tu' do page 3-41 and reread the question.



From page 3-41
	

,3 44

That's'; right, you could expect a sharper image.

You have probably realized by now that if increasing the voltage reduces the effect

of scatter and at the same time reduces contrast there must be some compromise

point where the scatter to acceptable and the contrast is adequate. Th ` is true,

however, ether considerations are more Important in the selection uj the voltage

to use. You will learn about these in the next two chapters.

Here's what we've covered so far in this chapter.

RADIOGRAPHIC SENSITIVITY

DEFINITION	 -+CONTRAST

SCATTERING	 SUE ^T CONTRAST	 FILM CONTRAST
AFFECTED BY	 AFFECTED BY	 AFFECTED BY

ENERGY (KEV) OF
RADIATION

THICKNESS DIF-
FERENCES IN THE
SPECIMEN

DENSITY DIF-
FERENCES IN THE
SPECIMEN

RADIATION ENERGY
(KEV) USED

TYPE OF FILM

DENSITY OF FILM
IMAGE

SCATTER CONTROL
TECHNIQUES
A) SCREENS
B) MASKS
C) COLLIMATION
D) PLUGS
E) FILTERS
F) SHOT

Now that you understand contrast, let's tape a look at "latitude".

Turn to page 3-45.
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Kv 150 Kv 70

STEP WEDGE

Latitude. Latitude is closely related to contrast . , in nn opposite sense. 11cr., we

show two radiographs of a "step" wedge. Vote that in the r.idiograph on the lfsft all

of Cie steps arc visible in the radiograph while in the radiol;r.tph on the right the

thinner	 cannot be distinguished from each other.

The radiograph on the left has more latitude than the radiograph on the right because

more of the thickness variations are visible. The latitude of the radiograph is the

range of thickness of material that can be adequately recorded on the radiograph.

The radiograph on the left has	 latitude than the radiograph on the right.

more.. .. . . . ... .. . ... .. . .. . .. .. .... . . . . . . .. .. . . .. .. Page 3-46

less. . . . .. . . . . .. .. . .. .. . .. ... . .. .. .. . . .. .... .. .. .. . . Page 3-47

M -- - , "
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Very good. The radiograph showing the most variation in specimen thickness has

the best latitude.

Nov let's look at those radiographs again.

Which of these two radiographs shows the greatest change in film density?

theone on the left ...................................... Page 3-48

the one on the right ...................................... Page 3-49
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You felt that the radiograph or the left had less latitude than the radiograph on the

right. You havn't quite seen the picture yet. Let's look at those radiographs again.

Notice that all the steps of the step wedge are distinctly shown in the left radiograph.

In the right radiograph we cannot see the separate steps of the thinner part of the

wedge (darkest portion of the radiograph).

This tells us that the left radiograph has more latiti ade . It shows a wider variation

in specimen thicknesses.

Turn to page 3-46.
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Whoa ! Slow down. We asked which radiograph shows the greatest change in film

density.

Compare the film density for step . 110 on each radiograph. Note that the one on the

right is less dense. Now compare the film density for step .040 in each radiograph.

Note that the one on the right is more dense.

Now since the radiograph on the right shows one area that is less dense and another

area that is more dense than corresponding areas on the left radiograph, the right

radiograph has more contrast than the left radiograph.

Turn to page 3-49.
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Right ypu are. `The radiograph on the right shows more contrast than the radiograph

on the left.

But the radiograph on the left has greater latitude.

What we have shown here is that the radiograph having the highest cortrar;t had the

least latitude and, vice versa, the radiograph having the lowest contrast has the best

latitude.

Kv 150	 Kv 70

These radiographs of the step wedge were made at 150 kv and 70 kv. The low

voltage radiograph has the best contrast while the high voltage radiograph has

the best latitude. This relationship becomes a significant factor in the selection

of the proper voltage to use in making a radiograph and will be further discussed

in another chapter.

Turn to page 3-45 for a short review.
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HIGH CONTRAST	 LOW CONTRAST

1. When the difference in density of two areas of a radiograph is very great we

have	 contrast.

10. density II.„I	 ^,^	 I
i'	 I	 i	 1	 ii	 ^;	 I ' !	 i '

'
I I'I	 1 1	 I^I'Il

ll	 II'	
II'^1	

III

11. What is the ratio of transmitted '	 + --;-+^;-^ !

intensities for the figure at right?
2	 8

4, 6, or 16
f

TRANSMITTED
INTENSITIES

20. back

21. Side scatter also decreases

30. absorbing LEAD MASK

(filtering, reducing) SPECIMEN

31. Masking is a method used to reduce side

scatter and to	 the amount of	 ,t+
5 x:5.:.5	 +	

tt

•'	 L'..5.. •..
scatter producing material in the primary 	 ~^{.}::.:5..; .

beam.



NIGH ENERGY
RADIATION

t 0

0
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c#

1. high:z

2. Here we show an example of a radiograph with tow

0
11. 4

2

LOW ENERGY
RADIATION

12. Increasing the energy of the primary

radiation reduces the	 of

the radiograph.

21,	 contrast

22. Internal scatter	 contrast.

31, reduce (limit)

32. Lead cones, diaphragms, or collimators are also used to limit the amount

of	 that receives the direct radiation from the source. 	 0
4



I

f,

2. r	 aontr st
0

SPECIM...:	 RADIOGRAPH

3. Radiographic contrast is generally considered to consist of subject

and film

0
12. contrast

13. Greater subject contrast is achieved by utilizing rays with the

(lowest, highest) energy that will penetrate the specimen.

.. 0
22. 'decreases

%1,.

23. Scatter radiation reduces subject

t,q

32. material

33. Increasing T V will
	

(increase, decrease) the energy of

the primary radiation.

0

J
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•

I

3. contrast, contrast -^-

1 % 4	 1 "2

4. Subject contrast is defined as the ratio of intensities transmitted by two

selected areas of the

13. lowest

14. L„.creasing the applied voltage across the X-ray tube causes the contrast to

(increase, decrease).

'f

23. contrast

24. We can improve contrast: by preventing scatter from reaching the

33. increase

34. Increasing KV will (increase, decrease) the effect

of scatter on the radiograph.

r

4. specimen

^;. A specimen that varies in thickness has______—	(more, less) subject

contrast than a specimen of uniform thickness.

14. decrease

15. Subject contrast is also affected by scattered

24. film
7

FILM ^+

25. The cheapest, and most convenient means of controlling the effects of

scattered radiation are sheets of lead foil called	 .

34. decrease

35. Latitude is the range of specimen	 _	 that can be recorded

on the radiograph.

•

C



3-54

4. specimen

5. A specimen that varies in thickness has	 —	 (more, less) subject

contrast than a specimen of uniform thickness.

14. decrease

15. Subject contrast is also affected by scattered

24. film
s'

FILM _;	 3

25. The cheapest, and most convenient means of controlling the effects of

scattered radiation are sheets of lead foil called	 .

34. decrease

35. Latitude is the range of specimen	 that can be recorded

on the radiograph.

ti
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6. intensity

7. Subject contrast is defined as the of transmitted intensities

through different thicknesses of the specimen,

16. exposure i

TYPE A	 TYPE B

17. These two types of film were exposed together. 	 Which has the greater film

contrast?

26, primary FRONT SCREEN

!	 F1 ".M

,w	BACK SCREEN

27. A screen placed behind the film functions to absorb

36. poor

37. When a radiograph will adequately record a wide range of specimen thicL-ncsses

it has good	 .

•

I
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17. Type A EM
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7. raflo

A	 VOID	 a
8. Which of these two specimens has the greatest subject contrast?

18. As the density of the film increases, contrast

27, back scatter

28. Preventing scatter from reaching the film	 contrast.

37. latitude

38. The low voltage radiograph of a specimen has the best contrast while the

high voltage radiograph of the same specimen had the best

•
E
x
i

0

0

0
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4

S.	 B	

[	 I
A	 VOID	 B

9. Specime ►. B had the greatest subject contrast because the void in specimen 13

represented a change in specimen,._,_ _

0
18. increases

19. Film contrast improves as film density

decreases).

(increases,

0
28. improves

29. The back screen will absorb a wider band of ray energies because it can be

than a front screen.

38. latitude

Turn to page 4-1.

•

0
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•

9	 ' density (thickness)

10,

MMMO

Subject contrast varies directly with changes in specimen thickness and with

changes in specimen

Return to page 3-50,

frame 11, and continue.

1;	 `	 I	 t	 t	 l	 I	 ^,	 ^	 1	 1

19. increases 1	 ,	 ,	1	 ^	 ,	 1	 I	 I	 1

t	 1	 t ',	 1	 '1 1 	1	 t	 I	 I	 1

'TTT'1...	 --LI	
I	 1

( 1^ 1	 I

1	 '^	 I't t	 '^'^-' I	 I^,
20, A wall or floor, or any other material, on Ie	 _..'	 «I

1 1^	 r l	;1	 Y''1 'll\I	 11	 1

the back side of the film can produce t	 ^^^	 1	 111	 ^^	 ^

scatter, INNNXIMM

Return to page 3-50,

frame 21, and continue.

29, thicker

30. A filter, like a screon, functions by the lower

energy rays,,

Return to page 3-50,

frame 31, and continue.

Turn to page 4-1.

1
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In Chapters 2 and 3 of this book we discussed the factors that determine- the quality of

the radiograph and, in general, how to control them. Here is a summary of what we

covered.

RADIOGRAPHIC SENSITIVITY

DEFINITION	 •---w,.	 CONTRASTr

GEOMETRY	 FILM GRAININESS	 SCATTERING	 SUBJECT CONTRAST FILM CONTRAST
AFFECTED BY	 AFFECTED BY	 AFFECTED BY	 AFFECTED BY	 AFFECTED BY

SPECIMEN-TO-
FILM DISTANCE.

SCREEN-TO-FILM
CONTACT

SOURCE OFFSET

ABRUPTNESS OF
THICKNESS CHANGES
IN SPECIMEN

ENERGY (KV) OF
RADIATION
SCATTER CONTROL
TECHNIQUES
A) SCREENS
B) MASKS
C) COLLIMATION
D) PLUGS
E) FILTERS
F) SHOT

THICKNESS DIF-
FEREN CE S IN
SPECIMEN
DENSITY DIF-
FERENCES IN
SPECIMEN

RADIATION ENERGY
(KV) USED

TYPE OF FILM

DENSITY OF FILM
IMAGE

SOURCE SIZE	 TYPE OF FILM

SOURCE-TO-FILM	 TYPE OF INTEN-
DISTANCE	 SIFYING SCREEN

RADIATION
ENERGY(KV)
USED
FILM DEVELOP-
MENT

Turn to page 4-2.
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In this chapter we are going to discuss the calculations that are necessary to produce

the radiograph with the desired quality. The making of a radiograph, like maldng a

photograph, is called an exposure. Those factors that affect the production of the

radiograph and are controllable by the operator are called "exposure factors". All of

these variable factors in the exposure require some sort of calculation in order to

assure some degree of quality in the radiograph. In the following pages we are going

to discuss these factors one at a time.

The quality of a radiograph is judged by the variations in density of the image on

the film. And, in turn, the density of the image is dependent upon the amount or

quantity of radiation that reaches the film. Therefore, the quality of the radiograph

Is dependent on the quantity of radiation that reaches the film.

What do we mean by a "quantity" of radiation? It is very difficult to imagine a quantity

of rays. We can imagine a bucket (or quantity) of water but we can hardly visualize a

glassful of rays. But we do know the effect of the rays on film. The lungef the rays

are allowed to expose the film, the darker the film gets - almost like filling a bucket.

Just as the "gallon" is a measure of a quantity of }rater, the "roentgen" is a measure

of a quantity of radiation.

A film that receives 0.3 roentgens of radiation becomes _ 	 than a film

that receives 0.1 roentgen of radiation.

darker. .. . . ... ....... ...... .. .. .... .. . . ...... .. . . .. . . . Page 4-3

lighter.. . ... . ... . ..... .... .. .. ...... .. .. ... . .. .. . . .. .. . Page 4-4
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Right, the film that receives the highest quantity of radiation becomes darker. The

longer the film is exposed to radiation the darker it gets.

Then we can say that the quantity of radiation received by the film is equal to the rate

at which the film is receiving radiation multiplied by the time of exposure.

Back in Volume II of this series you learned that the rate of radiation was called ',he

intensity of the radiation. Therefore, at a given distance from the source, the quantity

of radiation is equal to the intensity of the radiation multiplied by the time of exposure;

or

Quantity = Intensity X Time

Q =	 I	 X T

Q is measured in roentgens, I in roentgens per second, and T in seconds.

If, at some given point in the radiation beam, we had an intensity of 10 milliroentgens

per second from "a radiation source and an exposure time of 11;0 seconds, we would

have a total radiation quantity of 1100 milliroentgens.

10 X 110 = 1100

In the equation Q = 1 X T, Q stands for Quantity which is measured in

roentgens. . . . ... .... .. .. .... .. .. .. . . .. .. .... .... .... . . Page 4-5

roentgensper second . .. .. .. .. .. .. .... .. .... ...... . . .. .. .. Page 4-6
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Be careful - you have stated that the film receiving the most radiation is the lightest.

This is not correct. The film that receives the most radiation is the darkest,

Since the roentgen is a measurement of the quantity of radiation, the film receiving

0.3 roentgens receives more radiation than the film receiving 0.1 roentgen; therefore,

it gets darker.

SOURCE

Âz !III ^\	 /^ /I ^ 1 \\
^^/Ililjl111^
	 / / I 1 \

ii/ll 1 1 111 ^\\\	 / I ^ 1\/f it I l i I I I i 1\ \	 /	 I	 ^\
1111 ^ I II 111\\	 /	 \/// l l i ^ l l l l \\\\	 %	 /	 I	 11 	 \

^/llll „111,	 /	 I	 I	 I	 \
I ROENTGENS\ \\FILM	/ 0.1 ROENTGEN

i l l i l l ^ I 111\\\	 /	 I	 j	 j	 \\

Turn to page 4-3.

•
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Very good 1 Roentgens are the measure of the _quantity of radiation. The quantity in

roentgens can be computed if the intensity of the ray and the time of exposure are

known by using the equation Q I X T.

The "quantity" and "intensity" of radiation are not easily measured directly so

another means of measuring the amount of radiation being produced has been devised.

As you learned in Volume III of this series, the intensity of an X-ray is directly pro-

portional to the current through the X-ray tube. If we decrease •ihe current then the

intensity will decrease proportionally. If we increase the current then the intensity will

increase proportionally. Or, to put it another way, if we change tube current from

M 1 (milliamps for condition 1) to M2 (milliamps for condition 2) the intensity will

change proportionally from I 1 (for condition 1) to I 2 (for condition 2) . This is ex-

pressedessed mathematically as:

M1	 I1

M2	I2

This equation tells us that the change in intensity is	 to the change

in tube current.

directlyproportional . .... .... .. .. .... .. . ... . . .. .. .. ..... . Page 4-7

inverselyproportional .. ........ .. .. .. . . .. . ....... .. .... .. Page 4-8
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Hold upl Quantity of radiation is not measured in roentgens per second.

Just as gallons per minute measures the rate of flow of water, roentgens per second

measures the rate of radiation.

We did not ask for the rate - we asked for the quantity. If water flowed into a bucket

at a rate of 1/2 gallons per minute fox 2 minutes you would have 1 gallon of water in

the bucket (1/2 X 2 = 1). Similarly, if a radiation source produced radiation at a rate

of 10 milliroentgens per second to a film located at some fixed distance from the source,

at the end of 2 seconds the film would have received auq antitY of 20 milliroentgens

(10 X 2 = 20). The quantity of radiation received by the film is measured in roentgens.

Turn to page 4-5.
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Excellent. If the current through the tube is increased then the intensity , of the beam

increases in direct proportion.

M 1	 Ii

M 2	I2

Let t s ripply some figures to the above statement to make sure you understand the

principle involved here.

Suppose that with a tube current of 5 milliamperes we obtained an intensity of 1. 5

roentgens per second at a specified point in the beam. Then let's double the tube

current to 10 milliamperes. Since the intensity is directly proportional to the tube

current, the intensity at the specified point will double also and we will obtain an

Intensity of 3. 0 roentgens per second.

5	 1.51	 10 x 1. 5
10 r I	 2	 5	

w	3 .0 roentgens
2

Suppose we had increased the current from 5 milliamperes to 15 milliamperes? The

intensity would change from 1.5 roentgens per second to	 roentgens per second.

3.0 . ...... . . ................ .. .... ..... . .. ...... . .	 Page 4-9

4.5 . ....... ..... ............ .. ............ ...... .. 	 Page 4-10

• 4010M
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Perhaps you do not understand the terms "directly proportional" and "inversely

proportional".

When two things are directly proportional - increasing one increases the other by a

proportional amount.

When two things are inversely proportional - increasing one decreases the other by a

proportional amount.

In this case increasing the tube current will cause a corresponding increase in the

intensity, so the two are directly proportional.

Turn to page 4-7.
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Sorry - 3.0 is not the right answer.

Here's the way the thing works -

We have increased the current from 5 to 15 milliamps. We have tripled the current.

Then the intensity, since it is directly proportional to current, will also be tripled.

1.5 X 3 = 4.5 roentgens per second.

M1	
I1Or, by using the equation	 _ 

M2	 I2

M I = 5 milliamps

M2 = 15 milliamps

5 roentgens per second

I2 =	 ?

5	 1,5
15 -
	

I2

15 x 1. ,5
I2 -	 5	 = 4.5 roentgens per second.

Turn to page 4-10,

W- w

I

• 400=b

1



From page 4-7
	

4-10

Very,good. 1.5 X 3 4.5 rocrag ins per second.

IN I 1	I1
Alright, we now have two equations: Q I X T and tit , - I2

Y

Since current is proportional to intensity, let's substitute currant ('ti) for intensity (1)

In the first equation- 1 X T then becomes M X T.

Now since M X T is no longer the direct measurement of the quantity of radiation, we

must call it something; else. We call it "exposure" M.
E=MX`1'

milliampere-seconds milliamps X seconds

This equation tells us that Exposure (E) is the product of tuba current (M) and time (T) .

Since we can easily measure the tube current anti the time we will always be able to

compute the exposure.

Exposure is measured in

roentgens. .. . ...... ...... .. ..	 .. .. ..	 ..	 ..	 Page 4-11

milliampere-seconds ... ...... . . .. .. .. .. .. . .. . .. .. .. . . .. 	 Page 4-12

I
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You are confusing quantity with exposure. Qurtntity is measured in roentge ►rts while

exposure is measured in milliampere-seconds (ma-sec), or milliampere-minutes

(ma-min).

Quantity and exposure are two vary similar terms and, in radiography, mean

practically the same thing. The difference betwoen they two is the units in which they

are measured.

Exposure is measured in milliampere-seconds.

Turn to page 4-12.

rr.^
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1Rightl Exposure is measured in milliampere-seconds (ma-sec), or perhaps

milliampere-minutes (ma-min).

Now, let's suppose for a moment that we have just made a radiograph where

E 1 = M1 X T1

and we want to make a second radiograph changing the current and the time but without

changing the exposure.

E2 = M2 X T2

If E 1 = E 2 (exposure doesn't change) then

M1 X T1 must equal M2 X T2

M1 X Tt = M2 :... T2

Do you understand this relationship?

No	 ............................ Page 4-13

Yes .................................................. Page 4-14
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Perhaps the addition of some numbers will help you understand the principle.

Let's make a radiograph using a current of 3 milliamps and a dine of 5 seconds.

E 1 = M1 X T1

3X5=15

The film would receive 15 rilliampere-seconds exposure. Right?

Let's make a second radiograph using a. current of 5 milliamps and a time of 3 seconds.

E 2 = M2 X T2

5X3=15

This film would also receive 15 milliampere-seconds exposure. Right?

E 1 = 3X5=15

E 2 = 5X3=15

We have just demonstrated how current:. and time can be changed without changing the

exposure. When E 1 = E 2 ; M1 X T1 = M y X T2

Turn to page 4-14.

J *.
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Fine. When 
E 1 = E2

MIXT,=M2XT2

This equation is known as the reciprocity law. It tells us that to maintain a constant

exposure, if the current is increased the time must be decreased proportionately.

Here is a sample problem: We have a satisfactory exposure at 5 ma (M1) exposing

for 6 minutes (T 1) . We wish to reduce the time to 2 minutes ;T 2) by adjusting the tube

current. Substituting these figures in the equation we get:

M 1 X T 1 = M2 XT 2

5 X 6= M2 X2	 (Solve for M2)

5 X 6
2	

= M2 = 15 milliamperes

In general terms, the reciprocity law States that if the exposure is to remain the

same, doubling the exposure time requires that the tube current be

halved ............................................... Page 4-15

doubled .......................... .................... Page 4-16
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Good! When applying the reciprocity law, doubling the exposure time requires that the

current be halved, or halving the exposure time requires that the current be doubled,

to maintain the same exposure.

We many have to lower the tube current because of overheating to protect the tube on

a series of shots. This requires adjusting "time" to compensate for changed tube

current,

We have been getting a good exposure at 15 ma for a 5 minute shot, but wish to reduce

the current to 10 ma.

Which equation would you use?

I 1 X T 1 =	 I2 X T 2 . ...... ......	 .. .. . . .. . . .... . . .. .. .. . Page 4-17

M 1 X T1 = M2 X TO . .. . . . .. ... . . . . . . . . .. .. . . .. . . . . . . . . . Page 4-18

._
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You've got it reversed. Remember that the exposure is the product of tube current and

exposure time (E - M X T). To reduce the current without increasing the time will

change the exposure. If you double the exposure time and double the current you will

have increased the exposure by a factor of four (2 X 2). Because we did not want to

change the exposure we must reduce the current by half since we doubled the exposure

time.

Turn to page 4 5.
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You picked the wrong equation. I X T will give you the quantity of radiation.

Remember? Quantity equals intensity multiplied by time. Nowhere in the problem

did we say anything about intensity, therefore, you could hardly use an equation calling

for intensity.

Since the problem does cover current and time you would use M X T. M stands for

current (milliamperes) through the tube and T stands for exposure time.

M 1 X T1 = M2 X T2 is the correct equation to use in solving this problem.

Turn to page 4-18.

w.^Y^MAn.a..• 3... ur.V=•m^+vv:: 	 •	 .. ..>•.^ ^.. r. a.,.	 r ._ v.+^-r	 .3 •.Yir^•a..^	 •	 cu	 .^ •....	 .^	 ...	 ..	 ..	 ...^.....t^
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Right! Ml X T
1
 = M2 X T2 is the correct equation to use for this problem.

Now here's the problem again: We have been getting a good exposure at 15 ma (milli-

amperes) for a 5 minute shot, but wish to reduce the current to 10 ma. Solve the

problem and determine the new exposure time.

M1 = 15 ma

T1 = 5 min

M = 10 ma
2

T = ?
2

3.3 minutes ............ ............................... Page 4-19

7.5 minutes ............ ............................... Page 4-20

f
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Sorry - you didn't work that one right. Compare your work with the following to see

where you went wrong. Here's the problem again:

We have been getting a good exposure at 15 ma for a 5 minute shot, but wish to reduce

the current to 10 ma. What would be the new exposure time?

M 1 X Tl = M2 X T2

M 1 = 15 ma

T 1 = 5 minutes

M = 10 ma
2

T2 = ?

15X5	 10XT2

1510X 5 = T2 = 7.5 minutes

Turn to page 4-20.
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Very good! The new exposure time would be 76.5 minutes. Now here is a series of

four problems for you to t k,,%rk out. When you have workc>d out all four problems turn to

page 4-21 and check your work.

Problem 1, We have been exposing at 3 milliamperes for 5 minutes. The radiograph

is showing evidence of scatter so we want to reduce the time of exposure to 2 minutes.

What current should we use to maintain the original film exposure?

M1 = 3, T1 = 5 9 M2 = ?, T2 = 2

?roblem 2. We have been exposing at 10 milliamps for 130 seconds. This high cur-

rent is causing the tube head to heat up so we decide to reduce the current to 8 milli-

amps. What exposure time should we use so that the film exposure will not change?

Problem 3. What current should we use for a 6 minute exposure if we know that a good

radiograph of an identical article is obtainable with 15 milliamps at 4 minutes?

Problem 4. We wish to reduce the current from 20 milliamps to 15 milliamps. We

were exposing for 120 seconds. What exposure time should we use with the reduced

current in order to maintain the original film exposure?

Turn to page 4-21 and check your answers.
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Answer for problem 1. M1 X T1	M2 X T2

3 X 5 = M 2 X 2

3 X5
- M2	 l

2 ^= M2 = 7.5 milliamperes

Answer for problem 2. M 1 X T 1 Z^ M2 X T2

10 X130=8XT2

10 X 130
— = T2

130 0 = T2 = 162.5 seconds

Answer for problem 3. M 1 X T1 = M2 X T2

15 X 4 = M 2 X 6

15 X 4

M6	 = 2

6 = M2 = 10 milliamfs

Answer for problerr 4. Ml X Tl	M2 X T2

20 X120 = 15XT2

20 X 120 _
T15	 2

24	 = T = 160 seconds
15

5
	2

Turn to page 4-22.
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Very good. You seem to have the reciprocity law well in hand. The reciprocity law

also may be , applied to the use of isotopes. When dealing with isotopes in gamma

radiography, the activity of the isotope (in curies) is a measure of intensity Just ar

milliamps are a measure of intensity in X-radiography. Therefore, we can substitute

curies (C) for milliamps (M) in the reciprocity equation.

M1 X T1 M2 X T2 the:& b! c nes C 1 X T
1 

Z__C X T
 2	 2

To maintain constant exposure conditions when using isotopes in radiography if the

tictivit^^ is increased the exposure time meat be decreased proportionally.

This is a restatement	 the
	

law.

proportionality ......................................... Page 4-23

reciprocity	 ........................................... Page 4-24

kL
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Be careful, you arc, Becoming confused. Although activity and time are increased

and decreased proportionally, we do not call it the proportionality law. It is still the

reciprocit law. The word reciprocity sta'ms from the word "reciprocal" which means

"Inversely related" or "oppoiite in relationship". Since increasing one part is ac-

companied by decreasing the other, the two are inveresely related - hence, they are

reciprocals. This is how we arrive at the term reciprocity law.

Turn to page 4-24.

9
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Very good. That is a restatement of the reciprocity law. Now lets see how well you

can apply the equation C 1 X T 1 r C2 X T2.

We have been getting a good film exposure using a 40-curie Co-60 source at two

minutes. We now have to use another Co-60 source which is rated at 20 curies. What

will be the new exposure time if the film exposure is to remain unchanged?

1 minute	 ............................................. Page 4-25

4 minutes ............................................. Page 4-26
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We can or!v suppose that you substituted the wrong values in the equation. Here's the

problem again.

We 1,%ve been getting a good film exposure using a 40•-curie Co-60 source at two

minutes. We now have to use another Co-60 source which is rated at 20 curies,

What will be the new exposure time if the film exposure is to remain unchanged?

Then C 1 = 40 curies

T1 = 2 minutes

C2 = 20 curies

T = ?
2

Since C 1 X T 1 = C2
 
XT 2

40 X 2 = 20 X T
2

40X 2
420 - 

4 minutes

Turn to page 4-26.

T2
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Excellent! The new exposure time would be 4 minutes.

Now here are four problems which call for the application of the reciprocity law to the

use of isotopes. Wo k through all four problems before turning the page.

Problem 1. We have successfully radiographed a part using an Iridium 192 source of

10 curies with an exposure time of 15 minutes. We now have a 20 curie Ir-192 source.

What exposure time should we use with the new source to obtain the same good

exposure ?

Problem 2. A 15 curie Ir-192 source has been giving satisfactory radiographs of a

particular part with an exposure of 25 minutes. We now have more of these parts

to inspect so we must cut down the exposure time. What Ir-192 source strength would

be required to cut exposure time to 10 minutes per part.

Problem 3. An exposure time of 18 minutes with a Cobalt 60 source of 35 curies has

been determined to produce a good radiograph of a part. What would be the correct

exposure time to use if the Co-60 source was 100 curies?

Problem 4. Five months ago we radiographed a casting using a 40-curie source of

Iridium 192. The activity of this source is now 10 curies, The original exposure

produced a satisfactory radiograph with an exposure time of 5 minutes. What

exposure th	 could be required today to obtain a satisfactory radiograph of another

identical casting?

Turd to page 4-27 and check your work.
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Answer for problem 1. C 1 X T1 = C2 X T2

10 X 15 = 20 X T2

10 X 15 = T

	

20	 2

5T2 = 7 .5 minutes20

i' nswer for problem 2. C 1 X T1 = C2 X T2

15 X 25 = C2 X 10

15 X 25 _
C	10	 2

375 _
10	 C2 =	 37.5 curies

Answer for problem 3. C 1 X T1 = C2 X T2

18 X 35 = C2 X 100

18 X 35_ _

	

100	 C2

630
100 _ C2 = 6.3 minutes

Answer for problem 4. C 1 X T1 = C` X T2

40 X 5 = 10 X T2

40 X 5
T

	

10	 2

200
10	

T2 =	 20 minutes

Turn to page 4-28 and continue.
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Here's a note of caution. The reciprocity law is not accurate when fluorescent iti-

tensifying screens are used since the intensity of the light emitted by the screens is

not directly proportional to the energy of the ray.

Inverse square law. In Volume lI of this series you learned how the inverse square law

applied to personnel safety. The same law is applied to radiographic exposure of film.

If you recall, the intensity of radiation from a source diminishes as the square of in-

creasing distance. That is to say, the intensity of radiation varies inversely as the

square of the distance from the source to the film.

Which of the following equations fits the inverse square law?

2
I 1 D2

............................................ Page 4-2912 D2 
1

I1
M1

- ............................................ Pagea 4-301 2 M2
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Right  Where I 1 is the intensity at distance D l from the source, and I 2 is the intensity

at distance D2 from the source then:

2

I1 - D2 - the inverse square law
I 2	Di

To apply some figures to this equation let's s y that we have an intensity of 45

roentgens per hour at a distance of 10 feet from the source. Then what would the

intensity be at 30 feet from the source??

I 1 = 45 roentgens per hour

I = ?
2

D1 = 10 feet

D2 = 30 feet

Substituting in the equation, 45 - (30)2
I 2 (10)2

I 2 (10)2
Invert both sides,	

45 30 
2

( 10) 2 X 45-Solve,	 I 2
	 - (30)2

I 2
100 X 45

= 5 roentgens per hour.900

Wr-,n the distance from the source increases, the intensity of the ray
increases	 .......................... ................. Page 4-31
decreases	 ........................................ ... Page 4-32
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You made a poor selection this time. Here are the equations again.
I	

D2	 I	 M
(A) I1 =	 (B) _11 = M 1

2	 D1
2	

2	 2

Now which of these two equations fits the inverse square law. The clues to the answer

are the words "inverse square". Notice in equation (A) D (distance) is squared. Also

notice that the subscripts l and 2 are inverted from one side of the equation to the

other. That is why we call the equation the "inverse square" law.

Turn to page 4-29.
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You have forgotten the meaning of the word "inverse". If two factors are inversely

proportional, one increases as the other decreases. Therefore in the inverse square

law - as the distance increases the intensity of the ray decreases.

Turn to page 4-32.
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Excellentl In applying the inverse square law the intensity decreases as the distance
Y

increases. Now we want to make this point. The inverse square law says that if the

distance is doubled the intensity of the ray is reduced to 1/4 of its original value. What

does this do to the exposure of the film? Since film exposure is directly related to the

intensity, it is obvious that the film exposure would be reduced by 1/4 also.

therefore, if you wish to maintain the original exposure while doubling the distance,

you muet increase the exposure by a factor of 4. Reduced to an equation, it looks like

this:
2

E 1	D1

E 2	D2
2

Where E 1 is the exposure at distance D1

and	 E2 is the exposure at distance D2

Now, to apply some figures to this equation let's say we had a good film exposure using

400 ma-seconds for a source-to-film distance of 40 inches. What would be the required

exposure for a source-to-film distance of 50 inches to maintain the same film density?

E = 400 ma-seconds
1

D1 = 40 inches

E2 = ?

D2 = 50 inches

Then

400 _ (40)2

E 2	 (50)2

	

(50) 2 X 400	 2500 X 400
E2
_
2 	 1600	 = 625 ma-sec.

(40)

According to the above example, when we increased the distance from Dl to D2

we had to	 the exposure at the source to maintain the same film density.

reduce	 .............................................. Page 4-33
increase .............................................. Page 4-34
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Sorry, you would have to increase the exposure to maintain the same film density

if the distance were increased.

Assume that a certain X-ray unit will have

an intensity at 15 inches as shown. At

30 inches the intensity will he 1/4 of this

amount as determined by the in%erse

square law. A film placed at 30 inches

will receive 1/4 the amount of exposure

that would be received by a film placed at

15 inches.

Now, in order to have the same intensity

(and therefore the same film exposure)

at 30 inches as we had at 15 inches we

have to increase the exposure at the

source by a factor of 4.

4 X 20 ma-min = 80 ma-min

Increased source-to-film distance requires increased exposure to maintain film

density.

Turn to page 4-34.
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Right! To maintain the same film density when the distance was increased we had to

increase the exposure at the source.

Now here are some problems to give you practice in computing distance and exposure.

Problem 1. We hq ^ obtained a good film density using an exposure of 20 milliampere-

minutes for a source-to-film distance of 15 inches. We now have to increase, the source-

to-film distance to 30 inches. What will be the new exposure?

Problem 2. We are increasing our source-to-film distance from 30 inches to 35 inches.

We have been exposing at 8 milliampere-minutes. What exposure is now required to

maintain the same film density?

Problem S. With an exposure of 15 milliampere-minutes we have obtained a film

density of 2.0 for a source-to-film distance of 30 inches. What exposure would be re-

quired to maintain the film density at 2.0 if then- source-to-film distance was changed

to 40 inches?

Problem 4. We have produced a radiograph with good density but it is lacking in

definition, To get better definition we decide to increase the source-to-film distance

from 25 inches to 40 inches. Our original exposure was 10 milliampere-minutes.

What exposure must, we use at 40 inches to maintain the original film density?

Turn to page 4-35 and check your work.

5330.14 (V•IV)
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Answer for problem 1 2
E1 - D1 	 20 _ (15) 2E2 rn 

D2	 F2	 (30)2
2

E2 = (30)2

	

20	 (15)2

30) 2 X 20 900 X 20	 18000

	

E 2	 P 225 +	 225 =-80 milliampere-2
(15)	 minutes

Answer for problem 2	 2
E1 _ Dl 	 8 1 (30)2

9	E2	
D2E 2	 (35)2

	

E2	 (35

	

8	
)2_	
2(30)

E	 (35)2 X 8 1225 X 8 _ 9800 = 10.9 milliampere-

	

2	 (30)2	 900	 900	
minutes

Answer for problem 3 	 2

	

F 1	D1	 15	 (30)2

	

E 2	 D2	
E2	 (40)2

2

_E 2 _ (40)

	

15	 (30)2

(40) 2 X 15 1600 X 1524000

	

E 2	 2	 900	 900" - 26.7 milliampere-
(30)	 minutes

Answer for problem 4 E
	 D2	 2
1 = 1	 10 r (25)

	

E 2	 D2	 E2	 (40)2
2

E2 w (40) 2

	

10	 (25)2

E _ 0)2 X 10 _ 1600 X 10 _ 16000 = 25.6 milliampere-

Turn to page --36	 2	 (25)2	 625	 625	
minutes

9



reduces to:
T	

D 
2

1	
1

T2 D2
2

reduces to:

NI	 Di1 
M2 D2

2
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Now that you understand how to balance exposures against changes in distances, let's

move on.
2

^"	 1 1

E 2 D2

This is the equation that says the exposure must be increased as the distance increases.

But E = M X T. Then; by substitution:

Ml X T1 D2

M2 X T2 D2
2

Then if you plan to hold tube current at a constant value ( Mi = M2) this equation

But if you plan to hold exposure time at a constant value (Ti = T2) then the equation

In using these equations you must always keep carefully in mind exactly which items

you are planning to hold at a constant value.

To summarize the.--a equations: if either ttm. or current is held constant then the

other must he varied as the square of the distance is varied to maintain the same

film exposure.

In o: d , ,,r to maintain the same film density without changing the current through the

x-ray tube,	 must chang ^ the	 ,_	 as the square of the distance varies.

time of exposure .................................. .. .

milliamperes.............. ......................... .

Page 4-37

Page 4-38
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Excellent choice. Now here ' s a sample problem.

We want to increase the source -to-film distance from 30 inches to 50 inches without

changing film density or time of exposure. Our original exposure was 5 milli :unper es

for 6 minutes. What tube curramt would we use for the new exposure?

2
M	 D1	 5	 (30)2	 X12 _ (50) 21 _ 	

M 
=

2500 X 5 = 13.9 milliamperes
M2 D2 ' M2	 (50) 2 	5	 (30)2

	 2	 900	 p

2

Now here are three examples for you to work on:

Problem 1. We want to change the source -to-film distance from 25 inches to 40 inches

without changing film density or exposure time. The first exposure was made with a

tube curr(-rat of 10 milliamperes. What tube current should be used for the second

exposure?

M1 D 
2
l

M2 r D2
2

Problem 2. We have obtained a. good film density wit ;- a 10 minute t. rP TGure for a

source -to-film distance of 45 inches. Now we :^ ant to change the source -to-fi?m

distance to 35 inches. What exposure time can we use so that neither r.he film density

or the tube current will change?

Problem 3. A film density of 2.0 was obtained with a 15 minute exposure of 4 milli-

amperes for a source-to-film distance of 22 inches. What exposure time will be re-

quired to maintain the same film density and tube -.urrent if the source-to-film distance

is changed to 34 inches.

Turn to page 4-39 and check your work.
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Careful now. You have. chosen the a:) ! wer that says - In order to maintain the same

film density without changing the current through the x-ray tube, we must change the

milliamperes as the square of the distance varies.

You are forgetting that milliamperes and current through the tube are the same thing.

Since we are going to hold the current through the tube (or milliamps) at a fixed value,

the only thing we can vary is the time of exposure.

Turn to page 4-37 and continue.
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Here we show the answers to the three problems.

Problem 1	 M	
D1	 210 _ (25)
1 

M2 	D2	 M2	 (40) 2
2

	

M2	 (40)2

	

10	 (25)2

M _ (40) 2
 X 10 _ 16000 = 25.6 milliamperes.

	

2	 (25)2	 625

Problem 2	 T	 D2
1	 1

T 2 - D2_
2

10 _ (45)2
T2	(35)2

T2	(35)2

10	 (45)2

1225 X 10
T22025	 - 6.05 minutes

Problem 3	 T	 D2
1 = 1

T2 D2
2

152= (22)

T2	 (3412

l2	(34)2

15	 (22)2

T _ L34)2 X 15 = 1156 X 15 =17340 = 35.8+
2	 (22)2	 484	

484 minutes

Turn to page 4-40.
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Now let's consider the effect that a change in source-to-film distance has on gamma

radiography.

Remembering that the required exposure varies directly as the square of the source-to-

film distance;	 2
E 1 Dl

E 2 D2
2

and that exposure is equal to source strength multiplied by time;

E = C X T

we can substitute C X T for E and get -

C X T Di1	 1 

C 2 
XT 2  D2

2

This equation is comparable to the X-ray equation

M X T D21	 1 

M2XT2-D2
2

However in gamma radiography the source strength of a given source is not variable

like the current through an X-ray tube. Therefore the only factor that can be varied

to compensate for the change in distance is the exposure time. Then if C 1 = C2 the

equation reduces to - 	 2
T 1 D1
•r2 D2

2

This equation, then, car_ bf used for (tither X-ray sources or gamma ray sources.

f et's assume that we have a good radiograph using a Cobalt-60 source. Our exposure

time was 36 minutes for a source-to-film distance of 48 inches. Circumstances force

us to make another radiograph of an identical specimen using a source-to-film distance

of 60 inches.

Using the same source, the new exposure time will be	 .

56. 25 minutes ......................................... Page 4-41

22.4 minutes ......................................... Page 4-42
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Right. The new exposure time would be 56. 25 minutes.

Now here are three problems for you to practice on. Work the problems on a separate

piece of paper, then turn to page 4-43 and check your work.

Problem 1. T1 = 15 minutes; Dl == 40 inches; D2 = 32 inches; Solve for TG.

Problem 2. Using an Ir-192 source we have obtained a film density of 2 exposing for

12 minutes for a source-to-film distance of 48 inches. We now want to change our

source-to-film distance to 36 inches. What exposure time would we use to obtain the

same film density?

Problem_. 3. We have exposure data that tells us that with a 50 Curie, Iridium-192

source, an exposure, time of 12 minutes for a source-to-film distance of 48 inches will

be satisfactory tto radiograph a specimen. We find that we cannot get our source

closer than 60 inches. What exposure time must we use to comuensate for the in-

creased distance?

t

Turn to page 4-43.

Z
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You have selected the wrong answer. Check your work against the correct solution

shown below.

Problem. Let's assume that we have a good radiograph using a Cobalt-60 source.

Our exposure time was 36 minutes for a source -to-film distance of 48 niches. Circum-

stances force us to make another radiograph of an identical specimen using a source-

to-film distance of 60 inches. Using the same source, the new exposure time will

be

Solution.	 T 1 = 36 minutes; D 1 = 48 inches; D2
r.

60 inches. Solve for T2.

2.
T 1	D1

T2	
Uy

2

2	 ,
T	 D2 

X 
T1 ` (60) 2 X 36 _ 3600 X 36 

= 56. 25 minutes
2	 D2	 (48) 2

	 2304
1

Turr to page 4-41 and continue.

'	
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Here are the solutions to the problems giver. on page 4-41.

Problem 1.
D2 .^C T1

T 2 =
D

1

T _ (32) 2 X 15 
--

1024 X 15 = 9.6 minutes.2	 (40) 2	 1600

Problem 2.	 T1 = 12 minutes; T 2 = ?; Dl = 48 inches; D2 = 36 inches

D2 X T
2	 1

T2	 D2
1

T _ (36) 2 X 12 _ 1296 X 12 _ 6.75 minutes.2	 (48)2	 2304

Problem 3.	 T1 = 12 min; T2 = ?; Dl = 48 in.; D2 = 60 in.

D2 X T1
T =
2	 D2

1

	

(60) 2 X 12	 3600 X 12
T222304	

= 1b.75 minutes

(48)'

Turn to page 4-44.
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So far in this chapter we've shown you how to change tube current ,,.- ,id time of exposure

to maintain the same exposure at the film (film density).

MI X T
1 d M2 X T2

We've shown you how to change exposure time to compensate for a change in isotope

source strength to maintain the same exposure at the film (film density).

CI X TI = C2 X T2

We've shown you how to change tube current and exposure time to compensate for a

change in :source-to-film distance to maintain the same exposure at the film (film

density) in X-radiography.

M 1 X T1 D2

M:? X T 2 D2

2

And we've shown you how to change exposure time to compensate for a change in

source-to-film distance to maintain the same film density when using gamma ray

sources.	

T	 D1
l 

T2 D2
2

In all of the above situations we kept the exposure at the film (film density) constant.

Now suppose that we have a radiograph that is too light or too dark. Is there a method

we can use to determine the change in exposure that would be required to give a

specific change in film density?

Turn to page 4-45.
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Yes, there is. To make this kind of adjustn,lent we male use of special charts, sup-

plic:d by the film manufacturer, that show the relationship between the exposure applied

to a photographic film and the resulting photographic (tensity. These curves are called

the film characteristic curves.

Here we show the characteristic curves for three types of X-ray films.

3.9
3.6

3.3

3.0

2.7

2.4

E2.1

c 1.8

1.'.i

1.2

.9

.6

.3

THIS CHART
FAR
INSTRUCTION
ONLY.

00 Q USE
AS A

RADIOGRAPHIC
STANDARD.

44'

w
>Q

Q^
ti

0	 .3 .6	 .9 1.2 1.5 1.8 2.1 2.4 2.7 3.0

LOG RELATIVE EXPOSURE

From these curves, if we knew tbe. change in film density that we wanted to achieve,

we could find the change in	 that would be required.

exposure .............................. „ .............. Page 4-46

voltage ............................................... Page 4-47

r
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l'.xcellent choice. Determining the change in exposure to meet a desired change in

density is exactly the purpose of the charts.

These characteristic curves are also known	 3.9

as li & n curves (after the men who developed 3.6

the curves - Hurter & Driffield), o-. sensi- 	
3.3

3,0
tometric curves. These curves show the

2.7

relationship between the exposure applied to	 2.4

a photographic film and the resulting photo-	 2.1

i;raphic density.	 0 1.8

1.5

For the moment, don't be concerned about 	 1.2

the term "log relative exposure. " It's a	 .9

method of comparing exposures that we'll get 	 •6

into a little later. Right now we want to ex- .3

amine the cur=3es to get an idea of what they

represent.

THIS CHART
FOR
INSTRUCTION
NIY.

DO NO' USE
AS A
RADIOGRAPHIC
STANDARD.

I

a`^

aw

0	 .3 .b	 .9 1.2 1.5 1.8 2,1 2,4 2,7 3.0

LOG RELATIVE EXPOSURE

Let's look at type I film in the chart above. With a log relative exposure of 0.6 we get

a film density of approximately 0. 4. With a log relative exposure of 1.6 we get a film

density of approximately 1. 95. These two relationships are shown by the dotted lines

on the chart.

Using type III film with a log relative exposure of 2.4, the film density would

be

3.15 ................................................ Page 4-48

1.35 .................................... . ............ Page 4-49
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Sorry, we are not playing with voltage charts now. Let's look at these film

characteristic curves again.

3.9

3.6

3,3

3.0

2.7

2.4

t2.1

1,8

1.5

1,2

.9

.6

.3

0	 3 .6	 .9 1.2 1.5 1.8 2.1 2.4 2.7 3.0

LAG RELATIVE EXPOSURE

Note that in these film characteristic charts we are plct.ting "log relative exposure"

on the horizontal axis and "density" on the vertical axis. This means that the plot

will show the correct film density for a given relative exposure. Therefore, it follows

that if we knew the change in film density that we wanted to achieve we could deter-

mine the change in relative exposure that would be required.

I

THIS CHART
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INSTRUCTION
ONLY.
DO NOT USE
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RADIOGRAP141C
STANDARD.
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W
^.4
^.^
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Turn to page 4--46 and continue.
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Watch out - you are looidng at type I film -instead of type III film. Here we show the

correct way to use the chart for this particular problem.

3.9

3.6

3.3

3.P

2.7

2.4

X2.1
Z
c 1.8
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0	 .3 .6 .9 1 2 1.5 1.8 2.1 2.4 2.7 3.0

LOG RELATIVE EXPOSURE

We enter the chart at 2.4 on the horizontal log relative exposure scale, then move

vertically (follow dotted line) to the point where we meet the plot for type III film.

Then a move horizontally to the left to intersect with the density scale. This gives

us a film .ensity of 1.35.

Turn to page 4-49.

'r
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Right. The film density for type Al film with a log relative exposure of 2.4 would be

1.35.

The H & D curves can give valuable in formation on all the film characteristics to the

radiographer who imows how to use them. For example: the contrast of a film is

indicated by the upward slope of the curve at any given point. The steeper the slope,

the greater the contrast. The contrast is high wherever the slope is st^o va beea.use a

very small change in exposure at this point will give a large density change. The

greater contrast is desirable because then a small change in exposure caused by an

inclusion in a specimen would cause a greater variation in the film density.

Let's take a look at type I film in the chart at 3.9

the right. With a log relative exposure of 0, 6 3.6

we get a film density of approximately 0, 4;

with a log relative exposure of 0.9 the film

density changes to approximately 0. 5. While

the log relative exposure changed 0.3 units

the film density change 0.1 unit. Now let's

move to a steeper part of the curve. At 1.5

log relative exposure the film density is 1. 3,

and at 1.8 log relative exposure the film

density is 1.95. This time the log relative

exposure still only changed by 0.3 units but
0	 .3 .b .9 1.2 1.5 1.8 2.1 2.4 2.7 3.0

the change in film density is 0. 65 units.	 LOG RELATIVE EXPOSURE

The H & D film curves illustrate that the contrast is 	 when we use

exposures that are on the steepest part of the curve.

greatest .... . ......................................... Page 4 -5 0

least ............................. . .................. Page 4-51
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Very good! The 11 S. D curves show that the Conti ..st is greatest when we use exposures

that are on the steepest part of the curve.

TL red ative speeds of various types of film may also be determined from the

characteristic curves.

34
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3.3

3.0

2.7

2.4
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0	 .3 .6 .9 1.2 1.5 1.8 2.1 2.4 2.7 3.0

LOG RELATIVE EXPOSURE

Note that type I film reaches a density of 1 with a log relative exposure of 1.35 while

type H film reaches a density of 1 with a log relative exposure of 1.6. Type I film

then is faster because it reaches the given density with less exposure: But notice that

above a density of 2.4, type II film is faster than type I.

According to the film characteristic chart shown above which of these two films is

faster?

type H ............................................... Page 4-52

type III ............................................... Page 4-53
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Sorry, you made the wrong choice. Let's take another look at the reasons why the

characteristic curve will indicate what the contrast is going to be.

3.9
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3.3
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.65 UNITS

Q4'

1 UNIT

0	 .3 .G	 .9 1.2 1.5 1.8 2.1 2.4 2.7 3.0

LOG RELATIVE EXPOSURE

On the lower left end of the curve we show the effect of changing the relative exposure

by 0.3 units. On the upper part of the curve we also show the effect of changing the

relative exposure by 0.3 units. Note that in each case we have changed the relailiv

exposure by the same amount. Now let's look at the effect this change had on the film

density. On the left end of the curve we effected a change in density of 0.1 unit while

on the right end we effected a change in density of 0.65 emits - 6-1/2 times as much

change on the right end as on the left end. Now note that this is caused directly by the

steeper slope on the right end of the curve. Therefore, the contrast is greatest when

we use an exposure that places us on the steeper part of the curve.

Turn to page 4-50.
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Right. Type II film is faster since it reaches a specified density with less exposure

thwi type M film.

The slower films are tc. the right on the chart while the faster films arc s to the left.

We have noted that the curves plot film density vs the logarithm of relative exposure.

"Log relative exposure" is a new term and it looks very complex but don't let it throw

you. Let's take it a piece at a time. Relative exposure is used because we do .g ot know

what the real exposure is. Remember - the " r ial" exposure depends upon the exposure

factors of kilovoltage used, source-to-film distance, material thickness, type of

materi ', kind of equipment used, etc. - All of those things we have to consider in the

exposure foi^ the radiograph. Relative exposure then is the exposure as it appears at the

film after it passes through the specimen. That amount of exposure at the film will'

give you that density, so the exposure is relative only to the film and excludes all other

exposure factors.

o, 120120 Kv

/	 1	 \
/	 1	 \

/	 1	 \

/	 l	 1

90 Kv

1	 \
/	 1	 \

/	 1	 '

Here we show two specimens being radiographed separate'-Y . We have arranged things

so th°,.t we have the same amount of exposure at the film regardless of the difference in

specimen thickness and any of the other, exposure factors. The two filwis are rece .wing

equal relative exposure.

When we speak of relative exposure, we mean the exposure relative to the

specimen ............................................. Page 4-54

film 	 ................................................ Page 4-55

^r
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You've got it backwards. Here's the chart again,
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LOG RELATIVE EXPOSURE

Note that type III film is further to the right on the chart than type II. This indicates

that type III film is slower„ It is slower because it takes a lot more exposure to reach

any specified density.

Turn to page 4-52.
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No. When we radiograph a specimen we make an exposure. The current and time

used in making the exposure are dependent upon many different factors - Kv used,

thickness of specimen, fil:n used, source-to-film distance, type of material in the

specimen, the type of radiographic equipmsnt we are using, number and kinds of

screen Q lased, and filters used. The real exposure is dependent upon all these factors.

But when the radiation reaches the filryt it has passed through all these c=onditions and

it will expose the film by a certain amount. That much radiation will always give that

amount of exposure to the film.

When we speak of relative exposure then, we are talking about the amount of radiation

that reaches the film And we thereby eliminate all of the other exposure factors. So

when we speak of relative exposure, we are speaking of the exposure .relative only to

the film.

Turn to page 4-55.
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Excellent choice. The exposure relative to the film is what is being plotted on the

film characteristic curves.

Now that you understand what is meant by relative exposure, let's take a 'Look at ways

in which we can use "relative" exposure. Suppose we had made a rods graph on a

particular t.Nl)e of film and we ended up with a density of ; . 5, Thix3 :s too light and

we want to increase the density to 2. (). We would look up the relati . v Exposure for

each density on the characteristic curve for that film. Suppose we found that the

relative exposure required to give ,ri 2. 0 uensity was about 1. ; times the relative

exposure required to give a density of 1. 5. We would then know that we would have

to increase our "real" exposure by the same amount. We would need to increase our

real exposure by a factor of 1. 3,

When we find that we need to increase the relative exposure by a certain factor then

we know that we need to 	 tE rea.l exposure by the same factor.

increase	 ............................................. Page 4-56

decrease ............................................. Page 4-57
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Right. An increase in the relative exposure c q"s for a corresponding increase in the

real exposure.

Wc are now ready to discuss "logarithm of relative exposure". This requires a

knowlecil;e of logarithms which we presume you already have. However, because you

may be a little rusty and because we don't want to reproduce log tables in this kook,

we will work through a few sample problems using a scale for finding logarithms just

to fret everyone in the same groove. If you recall, a logarithm is made up of a

"characteristic" and a "mantissa". The mantissa determines the number while the

characteristic determines the decimal place. Here is a scale by which the mantissa

of a logarithm may be roughly determined.

L SCALE	 MANTISSA OF LOGARITHM

0	 .1	 .2	 .3	 .4	 .S	 .6	 .7	 .8	 .9	 0

i

1	 2	 3	 4	 S	 N	 7	 8	 9 10

D SCALE	 .	 NUMBER

For example, what ie the mantissa of the logarithm of the number 2 ? First we locate

the number 2 on the D (lower) scale. See arrow above. On the upper scale (mantissa

of logarithm) we read the mantissa - .301. Now you try one.

What is the mantissa of the logarithm of the number 4 ?

Decide what your answer is - then turn to page 4-58 to see if you are corrrct.
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Cops - slow down a bit. The two exposures are directly related. That means - if

you find that you should increase the relative exposure by a certain Nctor, then yol,t

must increase the real exposure by the same factor. If you find that the relative

exposure must be decreased, then the real exposure mus( be decrease(l.

Remember - When we find that we need to increase the relative exposure 1.3 times,

then we riced to Increase the real exposure 1.3 times.

Turn to page 4-56 and continue.
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L SCALE	 MANTISSA OF LOGARITHM	 ^-
0	 .1	 .2	 ,3	 .4	 .S	 .6	 .7	 .9	 0

1	 2	 3	

4	

S	 6	 7	 8	 9	 10

DSCALE	 NUMBER

Approximately .602 is correct. You will remember that the mantissa of the logarithm.

of the number 2 is the same as the mantissa of the logarithm of 20, 200, 2000, etc.

The mantissa is the same for all of these numbers.

What is the mantissa for the number 115?

L SCALE	 MANTISSA OF LOGARITHM
0	 ,1	 .2	 .3	 .4	 .S	 ,6	 ,7	 .8	 .9	 0

1	 •	 2	 3	 4	 S	 6	 7	 8	 9 10

DSCALE	 N UMBER

The arrow shows where the number 115 is located on the lower scale. The mantissas

for the numbers 1.15, 11.5 9 115, 1150, 21500 are all the same - .061.

Now you try one. What is the mantissa of the logarithm for the number 22500 ? As

soon as you have determined your answer turn to the next page and see if you are

correct.
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The correct answer is ap,)roximately . 352.

. E

L SCALE	 MANTISSA OF LOGARITHM

0	 .l	 .2	 .3	 .4	 .S	 .6	 .7	 .8	 .9	 0

v I . I .,, 1.	 4+42	 1 1 1 1 1 1 1 1 TTr 7 11 1 11 1 lifi l 
hi^ 

111111 
1 
fill 

I	 I
1	 2 •	 3	 4	 S	 6	 7	 8	 9 10

D SCALE	 NUMBER

Now that you can find the mantissa of the logarithm where do we find the character-

istic o the logarithm 7 This is easily accomplished if you remember the following

table:	 I
r	 _-

Log 0 is 0.000	 `' Characteristic
Log 10 is 1.000

Log 100 is 2.000
Log ] 000 is 3.000

Log 10000 is 4.000

etc.

The number to the left of the decimal point in the logarithm is the characteristic.

So from the table, any number from 0 through 9 will have a characteristic of 0. Any

number from 10 throu h 99 will have a characteristic of 1. Any number from 100 through

999 will have a characteristic of 2, etc.

Here are some examples for you to study.

Number	 Characteristic of log

	

12	 1.

	

235	 2.

	

6	 0.

	

1095	 3.

	

104	 2.

Now you try some. Check your answers with the answers given on the next page.

Number	 Characteristic	 Number	 Characteristic

	

1059	 20459

	

938	 17

	

2	 225



L SCALE	 MANTISSA OF LOGARITHM

0	 .1	 .2	 .3	 .4	 .S	 .6

c

,7 .8 .9 0

S 6 7 8 9 10
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Number	 Characteristic	 Number	 Characteristic

	

1059	 3.	 20459	 4.

	

938	 2.	 17	 1.

	

2	 0.	 225	 2.

Now that we have reviewed both the characteristic and the mantissa of logarithms

let's try putting them together for the complete logarithm.

D SCALE
	

NUMBER

What is the logarithm of 328 ? First the characteristic - 2, then the mantissa from the

scale - . 516. The complete logar-ithln then is 2.516.

What are the logarithms of the following numbers? Check your answers with the

a:aswers given on the next page. (Note - In reading the scale approximate answers

are close enough.)

Number	 Logarithm

15

369

1045

104.5

150

3.69

ate;
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Number Logarithm

15 1.176

369 2.567

1045 3.02

104.5 2.02

150 2.176

3.69 0.567

There is one more term we must review just to jog your memor-t" - antilogarithm.

Finding the antilogarithm is the reverse of finding the logarithm. You start with the

logarithm and work back to the number.

L SCALE	 MANTISSA OF LOGARITHM	 .

0	 .1	 .2	 .3	 .4	 .S	 .6	 .7	 ,d	 .9	 0

	

I .i	 iYVA,( 11111111 
1 
111111111

1	 2	 3	 4	 S	 6	 7	 8	 9 10

D SCALE	 NUMBER

For example - what is the number whose lof arithm is 3.700?

First we take the mantissa - .700 and locate it on the L scale as shown (see arrow).

This tells its that the antilog of .700 is 5. Now we must locate the decimal point -

since the characteristic is 3, we know that the number is between 1006 and 9, 999.

The number beginning with. 5 between 1000 and 9, 999 is 5000. Hence the antilog of

3.700 is 5000.

Now you try it - The answers will be found on the next page.

The antilog of 2.740 is

The antilog of 1.080 is

The antilog of 3.935 is 	 _.

• "M^Aw
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The antilog of 2.740 is 550.

The antilog of 1.080 is 12.

The antilog of 3.935 is 8600.

Now back to radiography and the use of the film characteristic curves.

When we plot the relative exposure on a logarithmic scale we find that the exposures

that have the same ratios are always separated by the same interval. For example,

here is a set of relative exposures that have a common ratio between them (tack,

successive exposure is twice as big as the last exposure):

Relative exposure - 2, 4, 8, 16, 32, 64, 128, 256

(Note that the ratio between each two successive exposures is = 2; 4 /2 = 2, 8/4 = 2,

16/8 = 2, 32/16 = 2, etc.).

Now let's take the logarithm of each of these exposures and compare them:

Relative exposure - 	 2	 40	 8	 169	 32 9 	64, 1+8, 2+6

Log relative exposure - 0.3 0 0.1 6 1 0 9 10 2, 1 , 1.8, 2.1, 2.4

Now notice the interval between each successive log of relative exposure. The

interval is the same for all - 0.3.

0.3 i 0.6 - 0.9	 1.2	 1.5	 1.8	 2.1	 2.4
083	 003	 003	 0.3	 Oi3	 0.3	 0.3

Note that we have a ratio between successive exposures of 2 and an interval between

logarithms of 0.3. Also - the logarithm of 2 is 0.3. This mathematical characteristic

is very handy in making exposure computations.

Turn to page 4-63.



From page 4-62	 4-63

Let's apply this mathematical characteristic to an everyday problem.

Lasing type I film, let's determine the	 3.9	 1

increase in exposure that would be re- 	 3.6- THIS CHART
FOR

quired to change the density of the film	 3'3	 INSTRUCTION

	

3.0	 ONLY.

from 1.0 to 2.0 From the chart: 	 UN"^T USE

	

2.7	 AS
RADIOGRAPHIC

X-
the log relative exposure fora	 2.4	 STANDARD.

density of 1.0 is 1.35; 	 >2.1
404W a now a OW

the log relative exposure for a 	 c 1.8

density of 2.0 is 1.85.	 1.5 

The interval between log relative ex-	 1.2
>a

.9 
posures is: 1. 85 - 1. 35 = 0.50. The 	 a^

	

.6	 A>

antilog of 0.50 is approximately 3.18.
.3

Therefore, the real exposure must be 	 j
0

multiplied by 3 .18 to increase the

density of the radiograph from 1.0 to

2., 0. Note - To increase the density

the exposure had to be increased. Therefore we multiplied by 3.18. If the problem

had been such that the exposure was reduced we would have divided by 3.18.

Here is a problem for you to work out. After you have worked the problem, check

page 4-64 for the correct answer.

A radiograph made on Type I film with an exposure u.f 12 milliampere -minutes t •..s .a

density of 0.8 in the area of maximum interest. It is desired to increase the density to

2.0 for the sake of increased contrast. What should the new exposure be?

L SCALE	 MANTISSA OF LOGARITHM

0	 .1 	 .2	 .3	 .4	 .5	 .6	 .7	 .8	 .9	 0

1	 2	 3	 4	 S	 6	 7	 8	 9 10

0 SCALE	 NUMBER

Turn to page 4-64 and check your work.

.3 .6 .9 1.2 1.5 1.8 2.1 2.4 2.7 3.0

LOG RELATIVE EXPOSURE
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Nate - The information that you take from the chart may not agree exactly with the

figures shown below since reading the charts is a matter of the judgment of the

Individual. Therefore, your answer may not agree e xactly with the one given

here. You will have to use your own judgment on whether your answer is close

enough to be counted as correct. This same reasoning must apply to all prob-

lems -.%,here data is taken from charts.

Log relative exposure at density of 2.0 1.85 (from the chart)

Log relative exposure at density of 0.8 -	 1. 20 (from the chart)

Interval between log relative exposures 0.65

Antilogarithm of interval 4.45

Since the exposure has to be increased to obtain the higher density we multiply the

original exposure by 4.45 to obtain the new exposure.

12 milliampere-minutes X 4.45 =- 53.4 milliampere-minutes

Here are some more practice problems. Using a chart similar to the one given on the

next page, work the problems, then check your answers on page 4-66.

Problem 1. A radiograph made on type III film with an exposure of 10 milliampere-

minutes has a density of 1. 0. It is desired to increase the density to 2. 5. What

should the new exposure be?

Problem 2. A radiograph made on type II film with an exposure of 8 milliampere-

minutes has a density of 1. 3. We want to increase the exposure until we get a density

of 3.0. What will be the required exposure?

Problem 3. We have obtained a density of 3. 0 on type I film with an exposure of 25

milliampere- ininutes. We wish to reduce the density to 2. 5. What is the correct

exposure?

Problem 4. We have obtained a density of 3. 9 on type II film with an exposure of 20

milliampere-minutes. We wish to reduce the density to 2. 0. What is the correct

exposure?

"EMWf
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LOG RELATIVE EXPOSURE
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Answer for problem 1. Log relative exposure - 2.5 density - 2.62

Log relative exposure - 1.0 density = 2. 9_3

Interval between log relative exposures 0. 39

Antilogarithm 0.39 1. 45

10 X 2.45 24.5 milliampere-minutes

Answer for problem 2. Log relative exposure - 3 .0 density 2. 10

Log relative exposure - 1.3 density = 1. 68

Interval between log relative exposures 0.42

Antilogarithm 0.42 2.62

8 X 2.62 20.96 milliampere -minutes

Answer for problem 3. Log relative exposure - 3.0 density =- 2.33

Log relative exposure - 2.5 density =: 2.03

Interval between log relative exposures 0.28

Antilog 0.28 = 1.91

25

1. 5 , -. 13. 1 milliampere-minutes

Note - since we are decreasing the exposure we divide.

Answer for problem 4. Log relative exposure - 3.9 density = 2.25

Log relative exposure - 2.0 density = 1.91

Interval between log relative exposures = 0.34

Antilog 0.34 = 2. 19

20
2. 0 

= 9.1 milliar: Pere -minutes

Turn to pag:^ 4-67.
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The film characteristic charts can also be used to retain the same exposure while

chfianging the type of film being used. Let's try a problem. Suppose we obtained a

density of 1.9 using 49 milliampere-minutes on type I film. What exposure would we

use to obtain the isam . e density using type H film ?

Log; relative exposure at a density of	
3.3

3.0
1.9 for type H film is .. 1.90

2.7

Difference in log relative exposure	 2.4
is ..	 .. 1. 90 - 1, 75 - 0.15	 E2.1

Antilogarithm of this difference	 c 1.8

	

.Antilog 0. 15 = 1.42	 1.5

49 milliampere-minutes multi-	 1.2

plied by 1.42 is	 .. .. ....	 .9

.6
69.6 milliampere-minutes, So, in

.3

switching from type I film to type

	

0	 .3 .6	 .9 1.2 1.5 1.8 2.1 2.4 2.7 3.0
II film and holding the density at	 LOG RELATIVE EXPOSURE

1. 9, we would increase the exposure

to 69,.6 milliampere-minutes.

Now you try a problem. set's take an exposure of 20 milliampere-minutes on type

H film. It gave us a density of 2.0. What would be the proper exposure to maintain

the 2.0 density, on the slower type III film ?

When you have worked the problem check your answer against the solution givta on

page 4-68. Use characteristic curves and logarithm scale given on page 4-65.

•

Log relative exposure at a density of 3.9

1.9 for type I film is ... 1.75 3.6
T

THIS CHART
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Log relative exposure for type 11 film at density 2.0 1.91

I,og relative exposure for type 1II film at density 2.0 2.52

Interval between log realtive exposures	 - 0.61

Antilogarithm of interval
	

4.08

20 milliampere minutes multiplied by 4.08 - 81.6 milliampere-minutes

When you feel that you have mastered the procedure for solving the preceeding problem,

try these. Use the charts given on page 4 - 135. The correct solutions will be found on

page 4-69.

Problem 1. We have obtained a density of 2.5 on type III film with an expos ! of 35

milliampere-minutes. What would be the required exposure to obtain the same film

density or. type II film. (Note - in this problem we are going from a slower film to a

faster film. The exposure will therefore be reduced.)

Problem 2. We have obtained a density oft . 0 on type III film with an exposure of

18 milliampere-minutes. What would be the required exposure to obtain the same

density on type I film? (Note - type I film is faster than type III film.)

Problem 3. We have obtained a density of 2.8 using type II film with an exposure of

8.2 milliampere-rninutes. We wish to use the slower type III film. What would be

the proper exposure to obtain a density of 2. 8?

After you have worked the problems, turn to the next page and check your work.

3
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Here are the solutions to the problems given on the previous page.

Problem 1. Log relative c..Oosure - type III film 2.62

Log relative exposure - typ , 11 film 	 2.02

Interval between log relative exposures :- 0.60

Antilog 0.60 -- 3.98

35 ° 8.8 milliampere-minutes.98

Problem 2. Log relative exposure - type III film 2.52

Log relative exposure - type I film	 1. 81

Interval between log relative exposures 0.71

Antilog 0. 71 ,E  5. 12

18 = 3.5 milliampere-ininutes
5.12

Problem 3. Log relative exposure - type 1101 film 2.66

Log relative exposure - type H film -- 2.07

Interval between log relative exposures - 0.59

Antilog 0. 59 -- 3. 89

8.2 X 3.89 z- 32 milliampere- rninutes

Turn to page 4-70.
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By way of review, let's work through a problem that requires the application of the

mathem;itical processes we have learned in this chapter.

We have radiographed a 1 1/2-inch steel plate and obtained the following data: Using

240 kv and an exposure of 1600 ma-sec and type III film we obtained a film density of

2.0 at a source-to-film distance of 36 inches.

We now want to radiograph a similar 1 1/2-inch steel plate but we will have to male

the following changes: Using film type 11 and a source-to-film distance of 30 inches,

what will be the exposure time required to obtain a film density of 3.0 if the tube

current is 8 milliamps?

This problem breaks down into the following steps:

1. Correct the exposure for the chap ge in source-to-film distance (36 inches to

30 inches).

2. Correct the exposure for the change in film and film density (type III film at

2.0 to type II film at 3.0).

3. When the exposure has been corrected for the above factors, determine the

exposure time to use with a tote tmrrent of 8 milliamperes.

To correct the exposure for the change in source-to-film distance, we will use the

equation

M I XT 1 =M2 XT2 .. ...... .......... .. .. .. ....	 ..	 .. .. Page 4-71

2
1 = D1
	

............ .. .......... .. .. .. .. ..	 Page 4 -72E 2 
D2	

. .

wMISM>
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You need a little more review of the equations we have taught you. The equation

M 1 X T 1 :n M2 X T 2 is the equation that is used to determine the X-ray tube current

or exposure time. M stands for milliamperes and T stands for time.

To correct the exposure for a change in source-to-film distance we will use the

equation -	 E	 D21	 1
E 2 D2

Where E 1 the original exposure - 1600 ma-sec.

E„ = the correct exposure - to be computed.

D 1 = the original source-to-film distance - 36 inches.

D2 = the new source-to-film distance - 30 inches.

It is very important that you remember what each letter in the equation stands for.

Turn to page 4-72,
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Right. lm To correct for the decreased source-to-film distance we use the equation

2E 1 D1

E D2
2	 2

The distance is to be changed from the original source-to-film distance of 36 inches

to the 30 inches specified in the problem. Since the source-to-film distance is being

reduced, we know that our exposure must be reduced - the answer will be something

under the original exposure of 1600 milliampere-seconds.

Substitute the correct values in the above equation and solve for the new exposure.

When you have reached an answer check your work against the solution given on the

next page.
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2
1	 1

E2 _ U2
2

1600 _ (36)2

E 2	 (30)2

(30) 2 X 1.600 900 X 1600
E2	

2	1 X 1	
- 1111 milliampere-seconds

(36)

We have now made the correction for change of source-to-film distance. We now have

to correct the exposure for the change in film type and change in film density. (2.0

density with type III film to 3.0 density with type II film.) These changes can be

accomplished simultaneously. Utilizing; the data given on the film characteristic

chart given on page 4-65, compute the new exposure. When you have reached the

solution, check your work against the solution given cn the next page.

J
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From the film characteristics chart on page 4-65 we obtain the following;

Log relative exposure - type III film - 2.0 density v 2.52

Log relative exposure - type II film - 3.0 density - 2. 1

(Note - the problem conditions require less exposure so our real exposure will be

reduced)

Interval between log relative exposures 	 0.42

Antilog 0.42 = 2.63

].11 ]
2.63 - 423 milliampere-seconds

We have now corrected our exposure for all the necessary factors. It only remains to

determine the exposure time required. To do this we apply the equation

F= M X T	 .. .. .. ... . .. .. .. . . . . . . .. . . . . . . .. . . . . .. . . .. .. Page 4-75

M 1 X T 1 = M2 X T2 .... .. . .	 . . . .	 . . . .. . . . . .. . . . . .. . . .. .. Page 4-76
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Very good. E A M X T is the equation to use.

Our corrected exposure is 423 milliampere-seconds and, you will recall, we are going

to use a tube current of 8 milliamperes.

Substitute the correct values in the above equation and solve for the exposure time.

When you have reached the solution check your work against the solution given on

page 4-77.

E
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You made a poor choice. That is not the equatioa you need at this point.

M 1 X T 1 = M2 X T 2 is used only when the exposures for the two cor,diflnns are equal

(E1 = E2)•

In this problem we know that the exposure (E) is 423 ma-sec. We know that the tube

current (M) is 8 milliamperes. We want to determine the exposure time (T). The

equation that fits these factors is E _ M X T.

Turn back to page 4-75.
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E " M X T

T  Z

2
T r- 483 .- 53 seconds

Our time of exposure will be 53 seconds.

Now that we have worked a sample problem together, you try one on your own. After

you have completed the problem check your work against the solution shown on the

next page. Use the same charts, page 4-65, that were used in the previous problem.

We have exposure data that tells us that when we radiograph 1 inch of steel at 200 kv

it takes an exposure of 1400 milliampere-seconds to obtain a film density of 1.5 on

type I film when the source-to-film distance is 36 inches.

Starting with the above data, compute the exposure time that you would use to make a

radiograph under the following conditions:

Voltage - 200 kv

Tube current - 10 milliamps

Film - Type II

Film dE lsity - 2.5

Source-to-film distance - 25 inches

Specimen - 1-inch steel plate.

When you have determined the proper exposure time check your work against the

solution found on page 4-78.

9w^	 )
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Correcting for change in source-to-film distance:

E	 D 
2

1	 1

E2	
D2

2	 (25)
1400 _ (36)2

X
1400 X 625

E `'	 0	 =_675 milliampere-seco^ids

Correcting for film change and density change:

Log relative exposure - type I film - 1. 5 density = 1 .60

Log relative exposure - type II film - 2.5 density = 2.02

(Exposure increases)

Interval between log relative exposures 	 = 0.42

Antilog 0.42 = 2.63

675 X 2.63 = 1775 ma-sec.

Selecting exposure time:

E=MXT

E 1775T = M = 10 = 177 .5 seconds

Turn to page 4-79.
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At this point we are going to introduce a variation of the film characteristic curves.

Some film manufacturers publish curves for their films showing the film density plotted

against the quantity of radiation in roentgens. Here is a typicai chart plotted in this

manner.
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Note that the horizontal scale (roentgens) is a log scale. You must be careful in read-

ing this type of scale.

In using this type of chart it is not necessary to use logarithms to determine; the ratio

between exposureo, Ttie radiation quantities are read directly from the chart and the

ratio is found by dividing one quantity by the other.

For example let's determine the ratio of exposures between film density 1.0 for type A

film to film density 1.0 for type B film: From the chart above-

Exposure for density 1. 0, type A film _ 0. 7 roentgens

Expos lzre for density 1. 0, type B film = 2. 35 roentgens

Turn to page 4-80.

3.0

2.5

y	 2.0
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°	 1.5

1.0
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Than to change from density 1.0 film type A to density 1.0 film type A we would

2. ;35
multiply our exposure by 	 ?	 3.36.

If, on the other hand, we wanted to change from density 1, 0 film type A to density 1, 0

film type A we would multiply our exposure by, 3
2.3 5
 

Let's assume that we have obtained a film density of 1.0 on type A film with an

exposure of 300 milliampere-seconds. We now want to obtain a density of 1. 0 on

type B :film. To do this we would use an exposure of

1000 ma-sec . ........ ............ .... ...... . .. ... ....	 Page 4-81

90 ma-sec ....... . .............. ...... .... .... .. .. . .	 Page 4-82

P
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Very good. 300 l .;.;;0'	 1000 (approximately).

3.5

3,0

2.5

2.0

w
1.5

1.0

0.5

0
1	 .2	 .3	 .4 .5	 1,0	 2	 3	 4	 5	 10

EXPOSURE IN ROENTGENS
(WITH LEAD SCREENS)

Now let's assume that we have obtained a density= of 1. 5 oil 	 A film with an exposure

of 110 ma-sec. What exposure woulc. we use to obtain a density of 2.5 on type B film?

When you have solved this problem, turn to page 4-83 and check your work.
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You have selected a wrong answer. Let's see if we can set you straight.

Here's the problem again. We have obtained a film density of 1. 0 on type A film with

an exposure of 300 ma-sec. We now want to obtain a film density of 1. 0 on type L'

film.
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EXPOSURE IN ROENTGENS
(WITH LEAD SCREENS)

From the chart we obtain the quantity of radiation that was required to give F 1. 0

density for both types of film. (See numbers encircled on chart above.) These num-

bers tell us that in going from type A film to type i3 film, the radiation quantity

increased from . 7 roentgens to 2.35 roentgens. The exposure, then, has to increase

by a factor of 2.35 5 or 3.36. Therefore we have to multiply our original exposure by

3.36.

300 X 3.36 = 1000 ma--sec (approximately)

Turn to page 4-81 and continue.
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EXPOSURE IN ROENTISM
(WITH LEAD SCREENS)

From the chart:

Radiation quantity for 1. 5 density on type A film = 1. 1 roentgens

Radiation quantity for 2.5 density on type B film = 6. 2 roentgens

Since the exposure would have to be increased we would multiply our exposure by

6.2 _ 5.64
1.1

110 X 5.64 = 620 ma-sec.

or	 110 X 1: 1 = 620 ma-sec.

Turn to page 4-84 for a review of this chapter,,
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t

7
1.

1	 .
In the equation Q = I X T, I stands for intensity measured in roentgens per

second; T stands for exposure time measured in seconds; and Q stands for

radiation quantity measured in

11. time

12. When using X-rays, the exposure is equal to the current through the tube

multiplied by the time of exposure. This is represented by the equation

22. distance

23. In a radiographic beam the intensity of the beam decreases as the distance

from the source .

33.

T1	 D1 -
T2	

D2

3 6 - -t-
3 3	 1

_1 1	
_^_-4- 4-_.

2	 f(	 1

In

I	 i9	 +--^-_	 -	 ---^- H

t

0	 )	 .6	 9	 1.1 IyS I 	
. 1 

2 477i^
LOG RELAtWF EXPOSURE

34. In this film characteristic chart, what are the three variables?

• ^r>
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1. roentgens

2. In the equation Q = I X T, Q is measured in 	 I is

measured in	 and T is

measured in seconds.

12. E= M X T

13. With a tube current of 10 milliamperes and an exposure time of 75 seconds,

the exposure will be

23. increases

24. In a radiographic beam the intensity of the beam varies inversely with the

square of the distance from the source.	 If 11 stands for the intensity at point

1 and I2 stands for the intensity at point 2; and D 1 stands for the distance from

the source to point 1 and D2 stands for the distance from the source to

point 2; then the equation for the inverse square law is

34. Film type, density,and

(lo	 relative) exposure

35. The upward slope of the film characteristic curve indicates the amount of

density change that results from a change in film exposure. 	 Therefore the

slope of the curve is an indication of the film

• ^^
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72. oentgens, roentgens

per second

3. Roentgens is the measure of a of radiation, and roentgens

per second is the measure of the of the radiation.

13. 750 milliampere- E1 = M1 X T1

seconds
E2 = M2 X T2

14. From the above equations, if we want to maintain a constant exposure so that

E 1 = E2 , then M1 X T1 must equal

24. I	 D1	 =.	 2
12	

D1

25. The intensity of a beam decreases as the distance from the source increasLs.

Then the film exposure also decreases as the source-to-film distance

35.

36.

).6

contrast	 ''
).0

2.7

2.6

The film characteristics curves also show the relative

speeds of different types of film. 	 The curves lying to

left on the chart are for the	 (faster, slower)	 6

films.	 0

I—t--

.) .6 .9
LOG

1.2	 1,7	 1,11 2.1 2., 2.7 3.0

RELATIVE EXPOSURE

•



4-87

3. quantity, intensity	 Q - Quantity of radiation

I - Intensity of

T = Time of exposure

4. The quantity of radiation in a beam can be determined by multiplying the

intensity of the ray by the time of exposure. 	 This is represented by the

equation

14. M2 X T2

15. M 1 X T1 = M2 X T2 is the matheniaticl equation for the reciprocity law.

The reciprocity law states that if a constant exposure is to be maintained,

increasing the exposure time requires that the tube current be

25. increases

26. In order to compensate for the decreases film exposure that results from

an increased source-to-film distance, we 	 (increase,

decrease) the exposure at the source.

36. faster

37. "Relative exposure" is a term used to mean exposure relative to the
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4. Q- IXT

5. If the intensity of an X-ray beam at a film is 0. 015 roentgens per second

(15 mr per sec) and the film is exposed to the ray for 100 seconds, how

many roentgens does the film receive?

15. decreased

16. An increase in tube current requires that the exposure time be decreased,

if the exposure is to remain unchanged. 	 This is a restatement of the

law.

26. increase	 E1	
D2

E,)	 ^2
2

27. This equation shows that the required exposure at the source varies

directly as the square of the source-to-film-

37. film

38. "Relative" exposure and "real" exposure are directly related. 	 When the

relative exposure is to be increased by a factor of three, the real exposure

is to be—	 by a factcr of three.

s ^

t
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5. 0. 015 x 100 - 1. 5

roentgens

6. The intensity of an X--ray beam is directly proportional to the current

through the X-ray tube. Whenever the current through the tube is reduced,

the intensity of the beam is_.,. 	 (reduced, increased) in the

same ratio.

16. reciprocity

17. The mathematical equation for the reciprocity law is

27. distance

28. The required source exposure varies directly as the square of the source-

to-film distance. This is expressed mathematically by the equation

38. increased (multiplied)	
2.155

2 - characteristic

155 - mantissa

39. A logarithm has two parts - the mantissa and the characteristic. When

converting a logarithm to a number, the mantissa determines the

6

0

0

0

0
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6. reduced	 I1	 M1

I2	M2

7. In the above equation, I stands for intensity of the beam and M stands for

17. M 
1 

X T 1 = M 
2 

X T 2

18. In order to maintain the same exposure if we change the tube current

from 10 milliamps to 5 milliamps, we must change the exposure time

from 140 seconds to	 seconds.

E	 D 21	
1

28.
F2

29. An exposure of 300 ma-sec has given a satisfactory radiograph of a specimen

at a -ource-to-film distance of 20 inches. 	 What exposure would be required

if the source-to-film distance was increased to 40 inches?

39. number

40. When converting a logarithm to a number, the characteristic determines the

•
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7. current (milliamps)

8. To compute the change in the intensity of a ray that results from a change in

the tube current, we use the equation_____. 	 .

18. 280

19. In radiography with isotopes, curies are proportional to intensity for a given

source just as milliamps are proportional to intensity for a given X-ray

machine.	 If the reciprocity law is expressed mathematically as M 1 X Ti -

M2 X T2 for X-Lays it can be expressed mathematically as

for gamma rw s.

M 1 XT 	 D2
29. 1200 ma-sec

M2 X T 2	D2
2

30. This equation tells us that if the current is t<ept constant (M 1 = M2), the time

of exposure will vary	 _(directly, inversely) as the square of the

sot: ree-to-film distance.

40. decimal place

41. To get from a logarithm to a number we find the antilog of the logarithm. 	 The

antilog is the	 represented by the logarithm.

•
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I1 	M1

I2 	M2

9. If the intensity of an X-ray beam is 0, 050 roentgens per second at 1 foot

from the source when a tube current of 10 milliampss is used, what will be

the intensity of the beam at 11-9 enme point if 20 milliamps are applied

across the tube?

19. C 1 X T 1 = C 2 X T 2

20. If E1 - E2 ; then C 1 X T1 ^ C2 X T2 .	 This indicates that if the activity of a

given source decays then the exposure time must be 	 ...._—if the

same exposure is to be maintained.

30, directly	 E = C X T

31. In gamma radiography, 	 (source strength, exposure time)

cannot be varied to change the exposure.

41, number

42. When the film characteristic curve plots density vs exposure in roentgens,

logarithms— (are, are not) required to compute changes in exposure.

•
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1

.

9. 0. 1 roen then s per

second

10. In the equa ion F -- M X T, if M is measured in milliamperes, and T is

measured in seconds, then F. is measured in

0
20. increased

21. We had a satisfactory radiograph of a specimen using a 30 curie source of

Cobalt-60 with an exposure time of 6 minutes. We now want to radiograph

a similar specimen but our source has decayed to 20 curies. What exposure

time should we use?	 0
31. source strength	 I	 E= CXT

32. In gamma radiography, to maintain the sartie exposure for a given source

a change in source-to-film distance requires a change in 	 ._

0
42. are not

Now turn to page 5-1.	 0•



•

4-94

10. mill lampere-seconds

11. In the equation E = M X T o E stands for exposure, M stands for current

(mtlliamps), and T stands for 	 .

Return to page 4-84,

frame 12, and continue.

21.
30 X 6	 18

^ _
	 2 = 9 minx	

2
20	

.	 T	 D
1	 2_

I2	 D2
1

22. This equation is the mathematical way of expressing the inverse square law.

The inverse square law tells us that trio . ; intensity of the beams decreases as

the square of increasing	 Return to page 4-84,

frame 23, and continue.

32. exposure time

33. In gamma radiography, the exposure time for a given source varit,xi directly

as the square of the source-to-film distance.	 This is represented by the

equation	 .

Return to page 4-84,

frame 34, and continue.

Turn to page 5-1.
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Now you w i e ready to start back through the book and read those upside-down pages.

TURN OR ROTATE THE BOOK 180 0 LIKE THIS

READ PAGE 5-1 AND CONTINUE AS BEFORE.



CHAPTER 5 - SELECTION OF RADIOGRAPHIC SOURCES AND TECHNIQUES 	 5-1

In Chapters 1 through 4 of this book we have discussed all of the elements that must

be considered when making radiographs. These individual elements have been dis-

cussed in some detail giving all of the technical theories as reasons for the practical

application. In this chapter we intend to summarize the material so that the practical

application is given without discussing the theoretical details for the practice.

The objective that every radiographer has to keep in mind is the production of the

best quality radiograph possible under the conditions imposed by the situation. The

quality of the radiograph is determined by four factors: distortion, definition, contrast,

and density.

The ideal radiograph has a minimum amount of distortion. The image of the specimen

and the image of any discontinuity in the specimen must be true so that proper decisions

can be made to accept or reject the specimen.

The quality radiograph has a	 amount of distortion.

minimum . ......... .............................. .. .... Page 5-2

maximum.. . . .. .. ... . ...... . . .... . . .... .... .. .. . . . . .... Page 5-3
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You are ri ght ! Minimum distertion is a deciding factor in selecting the geometry for a

radiograph.

The ideal radiograph has shaT definition. Sharp edges on the specimen should appear

as sharp edges in the radiograph. Discontinuities are more easily seen in the radio-

graph if the edges of the image of the discontinuities are sharply defined.

The quality radiograph has the sharpest possible

definition. . . . .. .. .. .... .. .. .. . . .. . . .... . ... .. . ... . . .... Page 5-4

discontinuities	 ..	 .. .............. .. .................... Page 5-5
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Sorry! Maximum distortion is not a desirable element of a quality radiograph. Per-

haps you are confused as to the meaning of distortion.

Anything that is pulled out of its ordinary shape is distorted. In radiography it is very

important that the shape of the image is the same as the shape of the specimen. If

they are not the same then the image is distorted, A distorted specimen image also

means a distorted defect image.
9,

In the quality radiograph we need the least distortion possible - minimum distortion -

so that any defects can be properly identified to aid interpretation of the radiograph.

Turn to page 5-2.

Aj^n
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Very good. Sharp definition is a factor that must be considered when making a

radiograph.

The ideal radiograph has the highest possible contrast. A marked change in density is

required if small discontinuities are to be seen in the radiograph,

The quality radiograph has the __ 	 possible contrast.

lowest. . . . . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . Page 5 -G

highest...... ...... .... ........ .. .. .. . ..... .. . ... ...... Page 5 -7

j 
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Perhaps we misled you a little here. It could be said that if there were any discon-

tinuities shown on the radiograph we certainly would want them to be as sharp as

possible but this is not the best answer to the question.

The sharpest possible definition is sought so that discontinuities, if any exist, will be

better revealed to the radiographer. When making a radiograph, conditions are

adjusted to make the definition as sharp as possible.

Turn to page 5-4.

C.

J

1	 J
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You think that the ideal radiograph has the l owest possible contrast, You have forgot-

ten the meaning of contrast and its effect on the radiograph.

Contrast is a comps Ison between the film densities of different areas of the radio-

graph. Two areas of approximately the same density have 1; :̂f contrast while two areas

that have extremely different densities have !i!L contrast. The highest possible con-

trast produces the required change in density to reveal small discontinuities in the

specimen. With high contrast, smaller discontinuities are visible.

Turn to page 5-7.

C
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Right. The highest possible contrast is a factor that must be considered when making

a radiograph.

The ideal radiograph must have adequate density. If the radiograph is too dense it will

not transmit enough light so that discontinuities can be seen. If it is not dense enough

there will not be enough contrast to see any discontinuities.

The quality radiograph must have 	 density.

maximum. . . . . . .... .... .. .. .. .... . . . . . . .... . . .. . .. . .... Page 5-8

adequate. . . . .... . . . . .... . . . . . . . . . . . . . . . . .. . . . . . ... ... . Page 5-9

.0MMOw>

f
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Maximum film density is not a requirement of good radiography. It is true that contrast

generally improves with film densiI.N but there is a limit. The film can become so

dense that no light will shine through it. The practical mcximum limit then is estab-

lished by the film viewing equipment.

The quality radiograph must have a density that establishes the best contrast possible

but does not exceed the capabilities of the viewer.

Turn to page 5-9.
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rught. Adequate density is another factor that must be considered when making a

radiograph. The radiograph must be readable on the viewer.

The following chart sums up the major qualities of the ideal radiograph.

THE IDEAL RADIOGRAPH

MINIMUM	 SHARPEST
	

HIGHEST
	

ADEQUATE
DISTORTION	 DEFINITION

	
CONTRAST
	

DENSITY

The radiographer must always keep in mind how these qualities are affected by the

many radiographic factors with which he will be working. It is on this basis that the

decisions are made on how best to utilize all the variables that can be controlled. In

the application of radiography to the inspection of a specimen a number of decisions and

compromises are made. Some advantages are sacrificed to obtain other advantages.

As you will soon see, it is impossible to fix hard and fast rules to cover any and all

situations that could arise in the practice of radiography. Sueh rules are developed

for particular machines when used under particular circumstances and fine control can

only come from experience with the equipment. Tne radiographer must use his best

judgement in utilizing all of the variables that he can control.

Selection of radiographic sources. Considering that there are a multitude of radio-

graphic sources available for radiography, on what basis does the radiographer select

his source ?

In actual practice the selection is limited to those sources which are available to him.

Other factors that can limit his decision axe: size and mobility of equipment and size

and mobility of the subjects to be radiographed. However, these decisions are not

generally based on the desired quality of the radiograph.

Turn to the next page.
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A decision that is based on the desirf ;l et:;ality of the radiograph is reached through the

use of charts that show the kv or gamma ray	 required to penetrate spe c-ificd

thicknesses of steel. This information is generally presente.. in th(, form of u chart

similar to the one shown here.

t
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THICKNESS OF STEEL - INCHES

This chart shows the range of voltages, or the gamma ray source, that may be used to

radiograph any particular thickness of steel to obtain adequate radiographs in a

reasonable length of time, By using this chart the radiographer can identify the thick-

ness limits that are applicable to his equipment.

Turn to page 5-11.
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Let's examine that portion of the chart that deals with kv. Note that the chart plots

thickness vs voltage.

3
.
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The upper curve indicates the maximum voltage beyond which satisfactory radiographs

cannot be obtained. The lower curve indicates the minimum voltage below which

adequate radiographs ,lannot be obtained is a reasonable length of tirne. Then the

area between the lines indicates the "acce?table" region.

According to the chart the limits of the acceptable voltage to use in radiographing 1

inch of steel are

1. 4 to 4. 8 kvp . . . . . .. .. .. .. .	 .. . . . . . .... . . . . . . . . . .. . . . . . . Page 5-12

185 to 540 kvp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . Page 5-13

•	 eMa_ifb .
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From page 5-11	 5-12

Sorry - you're not reading the chart correctly, Let's take another look at the chart.

ThICKNESS OF STEEL - INCHES

"'ur problem was to find the acceptable voltage limits that could be used to radiograph

1 inch of steel. The dotted line on the chart above shows how we solve: this problem.

We find "1 inch" on the horizontal aXis of the chart. From that point we follow the line

vertically until it reaches the first curve. This is the minim»m allowable voltage

which is read on the vertical axis. (In this example - 185 kvp.) We continue vertically

until we reach the second curve. This is the maximum allowable voltage which is also

read on the vertical axis. (In this example - 540 kvfj. )

Th.;refore a minimum voltage of 135 kvp and a maximum voltage of 540 kvp are the

limits of voltage that can be used to radiograph 1 inch of steel.

Turn to pag(. 5 3.
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J

Very good! Any voltage aetween 185 kvp and 540 kvp according to this chart is con-

sidered adequate to radiograph 1 inch of steel.

This also tells us that the X-ray source must be capable of voltage over 185 kvp or

capable of voltages less than 540 kvp to be used as a source to radiograph 1 inch of

steel.

According to this chart which of the two machines whose kv ratings are listed below

can be used to radiograph 1 inch of steel?

50-130 kvp . . . . . .. . . .. . . 	 . . . .. . . . . . . .. . . . . .. .. . . . . . . .. . Page 5-14

200-750 kvp . .. .. .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . ... . .. . Page 5-15
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No - No! At least 185 kvp is required. Since the machine rated at only 50 to 130 kvp

is not capable of producing 185 kv X-rays, it cannot possibly be used to X-ray 1 inch

of steel and produce an adequate radiograph in a reasonable length of time.

Since the other machine is rated at 200 to 750 kvp, its voltage can be adjusted to some

point between 200 kv and 550 kv that will produce a satisfactory radiograph.

Turn to page 5-15.

N
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Right. On the basis of the information taken from the chart the 200-750 kv machine

would be the one to use.

The upper portion of the chart, reproduced below, indicates the thicknesses of steel

that can be satisfactorily radiographed with the more commonly used radiographic

isotopes.

V	 VVr r\V n .\.^V IVVI\r'\I ..IV V II\I W-11V.

The length and position of the line representing the source determines the thickness of

steel that can be adequately radiographed with that source.

Iridium-192 can be used to radiograph from 	 to	 inches of

steel.

. 5 to 3 . . . . . . .. . . . .	 ..	 . . . .. . . . . . .	 . . . . .	 .. . .. . . Page 5-16

1. 5 to 8 . . . . . . . . . . . . . .. . . .. . . .. . . .. . .	 . . .. ... . . . . . . .. . Page 5-17
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Your answer of . 5 to 3 inches is correct. You seem to understand the basic use of

this chart which is all we are concerned with at this point. You now know that this

type of chart exists and you know how it is to be used.

Use of screens. The specification or code under which a component or system is

being radiographed will generally specify what screens are to be used and the voltages

at which they are to be used. When such is not the case the radiographer must make

a selection based on his own knowl ,dge and experience.

The decision to use lead screens is generally a function of the kv (or energy level) used

to zitake the radiograph. Above 120-150 kv the lead screen acts as an intensifier.

Below 120-150 kv the screen begins to absorb the primary, image-forming, radiation

in addition to absorbing scatter. A general rule to follow is: use lead screens above

120-150 kv; do not u , 3e lead screens below 120-150 kv.

Nccording to the general rule, when a specimen is to be radiographed at 2 Mev, lead

screens should be used:

True .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 5-18

False .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . ..	 .	 .	 .	 .	 .	 .	 .	 T3age 5-19
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Sorry, we threw that one a little too fast. Here's how the chart works for isotopes.

N	 LVCAL I -OV	 »

c	 1 	 RADIUM:...	 2
►̂ 	 .ui..il?....	 IRIDIUM -192

30	 15 .2 .3 .4 .5	 1.0 1.5 2	 3 4 5	 10 15 i 0	 r INCHES

20 7HIS CHART FOR INSTRUCTION ONLY.
DO NOT USE AS A RADIOGRAPH 173 ANDARD.

We are interested right now in Iridium-192 so we draw dotted lines @and  (

the ends of the Iridium-192 line down to the inches scale. This tells us that Iridium-192

can be used to radiograph thicknesses of steel between .5 and 3 inches.

Turn to page 5-16.
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Very good. 2 Mev is certainly above 120-150 kv, so lead screens should be used.

As voltages increase, the energy o the scattered radiation also increases. At the

higher operating voltages (2000 kv and :;p) and with gamma sources the thickness of

the screen is increased. The best thickness to use is usually determined by

experimentation.

Lead screens can be used below 120-150 kv if the screen improves the radiograph and

it can improve the radiograph whenever there is excessive scatter. Use of lead screens

at these low voltages requires increasing the exposure to compensate for the loss In

primary radiation through absorption by the screen.

In any case, lead screens should be used whether they improve the radiograph or not.

True............... .. .... ...... .... . ..... 	 ... .... ... Page 5-20

False..... .. .... .. .. .. .... ...... .... ........ ...... ... Page 5-21
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You goofed it. Perhaps you didn't read the question closely.,mot lah. "2 Mev" is

equal to 2000 kv, and 2000 kv is certainly a higher voltage than 120-150 kv.

The general rule was: use lead screens above 120-150 kv; do not use lead screens

below 120-150 kv. When a specimen is to be radiographed at 2 Mev, lead screens

should be used.

Turn to page 5-15.
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Sorry - you're wrong. Screens should be, 1 1sed only wh- n they improve the radiograph.

If their use does not improve the quality of the radiograph then they should not be used.

In almost all cases at voltages above 120-150 kv use of lead screens will improve the

radiograph.

Turn to page 5-21.

I
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False is correct. Lead screens should only i)e used when they improve the quality of

the radiograph.

And this brings us to the subject of fluorescent screens. Fluorescent screens permit

a great reduction of exposure when compared with the exposure that is necessary using

lead screens. Therefore fluorescent screens are used when it is necessary to reduce

exposure time. However, due to the spreading of the light emitted from the screen,

the definition cif the radiograph is not good.

Fluorescent screens should be used only when the exposure without them be comes

excessive. When they are used, it is most important th^.t the sensitivity of the

radiograph be determined to see that it is within acceptable limits.

Fluorescent screens are used when a suitable radiograph cannot be obtained in any

other way.

Page 5-22

False	 . . . . . . . . . .. . . . . . . . . . .. . . ... . . . . . . . . . . 	 . . . . .. .. . Page 5-23

•
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C;ood thinking. A radiograph made with a fluorescent :screen is better than no radio-

graph at all.

Selection of kil evolt re to use in X .•radiography, We can narrow the selection of

I roltage if you will accept some "conditions". And those conditions are. ii' you are

radiographing articles that do not have much variation in thickness; if you have not

radiographed similar articles before; and if you are unfamiliar with the capabilities of

your X-ray equipment; a good selection would be a voltage determined by the dotted

curve shown on the chart below.
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This curve is located about 1/3 the distance between the minimum and maximum voltage

curves. This voltage is a practical voltage to us p when working in an unfamiliar

situation.

Following the above rule of thumb, 2 inches of steel should be radiographed at

540 ................................................. Page 5 -24

260 ................................................. Page 5-25
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False was not the right answer. You would not use fluorescent screens if there was

any other Way for you to ubtain a good .radiograph because of the inherent lack of good

definition in a radiograph made with fluorescent screens. The images produced are

just natuY illy fuzzy.

Fluorescent screens are used only when the equipment available will not produce a

high enough voltage to allow a reasonable exposure time without fluorescent screens.

Turn to page 5-22.
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Right. 540 kvp would be a satisfactory starting point.

Selection of exposure - X-radiography. Now that you know how to select the proper

operating voltage, we will discuss the second step - how to select the necessary

exposure. For this we use another type of chart called an "exposure chart". This

chart plots the thickness of material vs the exposure required for that material. The

exposure chart is usually made up of a family of curves, each curve reps t tinting a

particular kv.
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:1	 3J
2 2

1
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This chart is based on the use of a particular film, a particular source-to-film

distance, a particular film density, a particular specimen material, use of particular

X-ray equipment, and the use of lead screens. All of these factors are held constant

and the chart will only apply when the exposure is made under these conditions. if you

intend to make a radiograph using exposure factors different from those specified on

the chart then you must correct the exposure for those changes by calculating a new

exposure.

0.25 0.50 0.75 1.00 7.,25 1.50
INCHES OF STEEL

Turn to page 5-26.
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You must be looking at the wrong curve. Here's that chart again,
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We wanted to determine the voltage required to radiograph 2 inches of steel. The

correct solution to the problem is shown by the dashed line on the chart.

We start at the point on the horizontal scale that represents a 2-inch thickness of steel

(point o) .). We move vertically to the point where the 2-inch line intersects the dashed

curve (point Q). From that point we move horizontally to the vertical axis and read

the voltage (point (D).).

This vdi.tage, 540 kvp, represents a voltage to use that has been determined to be a

good starting point when in an unfamiliar situation.

Turn to page 5-24.
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EQUIPMENT -.XXX-X-RAY
MATtFRIAL - STEEL
S-F DISTANCE -40 INCHES
FILM - TYPE 11
FILM DCNS11 Y - 1.5
SCREEN -LEAD

INSTRUCTION ONLY
_._ .._	 DO NOT USE AS A RADIOGRAPHIC STANDARD.

1
U 0.25 0.50 0.75 1.00 1.25 1.50

INCHES OF STEEL

Note that the exposure is plotted on a logarithmic scale. This is done to shorten the

chart in the vertical di-ection.

Note that on the left side of the chart the scale shows exposure in ma-min and at the

bottom of the chart the scale shows the thickness of the material.

The exposure chart above plots the factors of exposure vs thickness of material for

several different

voltages. .... . . . . . . ... . .. ... . . ..... . . .. . . .. . . . . . . .. .. . Page 5-27

film types . . . .. . .. . . . . . . .. .. . . . . .. . . . . .	 . . . .. . . . .. . ..	 Page 5-28
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From page 5-26
	 r

E}.r.-cllent! Each dark line on th% chart represents a different voltage that could be used.
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THIS CHART FOR
DO NOT USE AS A
7!

1
0 0.25 0.50 0.75 1.00 1,25 1.50

INCHES OF STEEL

EQUIPMENT - XXX-X -RAY
MATERIAL - STEEL
S-F DISTANCE-40 INCHES
FILM -TYPE II
FILM DENSITY - 1.5
SCREEN -LEAD

INSTRUCTION ONLY.
RADIOCRAPHIC STANDARD.

To use this type of chart you enter the chart at the thickness of the specimen, follow

the chart vertically to the kv you have selected, then follow the chart horizontally to

the left to find the exposure you should use.

Let's assume that you were going to radiograph 0« 75 inches of steel at 200 volts.

From the chart above what exposure would be required 7

Decide on your answer, then turn to page 5-29.



from page 5-26

You just aren't paying very close attention. The chart is prepared for only one type

of film - type II. This bit of information is shown in Cr-- rlata listed to the right of the

chart. Notice that each one of the dark lines on the chart is identified with the voltage

for that plot. This should tell you that we are plotting the factors of exposure- vs the

thickness of the material for several, different voltages.

Go back to page 5-26 and take a closer look at the chart, then select a better answer.
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The correct :mswer - approximately 5.3 nii Ili :;.I-npere-minutes. If you were not

; casonably close to this answer turn to lj,%,c -30. If yfau feel that you understand

how he chart works, read on.

There is another form of exposure chart you should know about. At first glance this

chart would -- em to be a voltage selection chart since kv is plotted against thickness.
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140J
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120
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60
0

EQUIPMENT -XXX-X-RAY
MATERIAL - STEEL
S-F P STANCE-40 INCHES
FILM - TYPE II
FILM DENSITY - 1.5
EXPOSURE-50 MA-MIN
SCREEN -LEAD

25	 .5	 .75	 1	 1.25	 1.5
INCHES OF STEEL

z

b
r
0

THIS CHART
FOR
INSTRUCTION

N' Y,
- DO %OT USE

AS A
RADIOGRAPHIC
STANDARD.

s

However, this is are exposure chart that has been adapted to a very particular

situation. This type of chart is useful only if you have a production run of uniform

conditions but varying thicknesses. Note that all the exposure factors, including

exposure, are held constant and only kv and specimen thickness are all( :,ved to vary.

When using this chart what exposure would be required to radiograph c:. 75 inches

of steel?

141 1v ............................................ .. Page 5-31

50 ma-min . .. . ............................. 	 ... .. .. .. Page 5-32
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;'here are two posAble reasons why you (lidn't get the correct answer - you either

worked the chart incorrectly, or you read the chart incorrc>ctly.
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EQUIPMENT - XXx-X-kA'r
MATERIAL - STEEL
S-F DISTANCE -40 INCHES
FILM - TYPE II
FILM DENSIT Y - 1 5

SCREEN - LEAD

INSTR jCTION ONLY,
RADIOGRAPHIC STANDARD.

1
0	 0.25 0.50 0.75 1.00 1.25 1.50

INCHES OF STEEL

The problem was to determine the exposure to us `o radiograph 0. 55 inches cf

steel at 200 kv. The dotted line on the cliart above shows the solution.

But perhaps you read the Exposure incorrectly. The left side of the chart looks like

this.

6

5.3

4

Notice that the divisions between numbers are not equal. This is the re:.,ult of

plotting the chart on a logarithmic scale. But of more immediate importance, *notice

that the number 5 is not on tae scale. This, we assume, may have caused you to

misread the chart. 'You mu.-;t learn to be very careful when reading charts. This one

reads 5.3 not 4.7.

Return to page 5-2J and continue.

_-___W- -
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Sorry - this was a "trick" question but we have a reason. We want to Iv sure that

you realize that the exposure is identified on the cha, t anti does not change. The

exposure is fixed at 50 ma-sec. You will find it in the data to the right of the chart.

Turn back to page 5-29 and take a closer look at the exposure data then select the

correct answer to the question.



From page 5-29	 a ; a.

Excellent - the exposure, 30 ma-min, is shown in the exposure data shown to the

right of the chart. The chart is good only if this exposure is used.

Selection of exposure - gamma radiograp hy. Exposure charts are also prepared for

use with isotope radiography. In these charts the energy of Cle sovree is fixed (not

varirble) which permits the charts to be simpler than the X-ray exposure charts.

You will recall that X-ray charts alv a,ys had to consider the effect of kv (energy) on

the exposure.
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Here we show a sample gamma ray exposure chart foi Ir-192 sources. Note that

specimen material, film type, and gamma ray source are standardized. All, other

exposure factors are variabiie and caa he ascertained from the chart if you know

what is meant by "exposure factor".

Turn to page 5-33.
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Exposure factor for a gamma ray source is defined in terms of the intensity of the

source (curies), the time of exposure (minutes), and the square of the source-to-film

distance (inches 2).

I X T curie-minutes
Exposure factor = -- 2 =	 2

D	 inches

Note that the equation follows the reciprocity law in that the exposure factor is

directly proportional to the intensity and time. It also follows the inverse square

law in that the exposure factor is inversely proportional to the, square of the source-

to-film distp.3ce.

TLet s assume that we s

have a 40 curie source 4

of Ir-192 which we are 3

going to use to radio- 2

graph 2 inches of steel 1.5

with a source-to-film
oc

distance of 20 inches. U.
w

1

•
. 88

The problem is to de-
.7
6

termine the correct
0

W .5	
-

.4

time of exposure that
.3

will give us a .film den-

sity of 1.5. The first 2

step is to determine

from the chart the ex- 1
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posure factor that we	
0	 1 STEEL - INVcS 

2	 3

will use in the equation.

From the chart, the correct

exposure factor to use to radiograph 2 inches of steel and obtain a film density of

1. 5 is

.67	 . . ... . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. .. . 	 Page 5-34

.96	 . . .. .. . . . . . . . . .. . . .. . . .. . . .. . . . . . . .. . . . . . . . . . . .. . 	 Page 5-35

9^r•

1 !.
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We want to radiograph 5

2 inches of steel with an
3

Iridium-192 source of

25 curies. We want to 2

obtaip a density of 2 and 1.5
0

our source-to-film dis- a 1
u 9

tance is 15 inches. The W e
7

exposure time we will o .6

use is approximately

0.
X

W
.5

.4
minutes. 3

40.8........ Page 5-36

8.6	 ........ Page 5-37
.2

.1

From page 6-33	 5-34

Very good. The exposure Factor sve will use in this problem is . 67.

IXT
e, f, =	

2
D

The exposure factor from the chart is .67; the intensity is 40 curies; the source-to-film

distance is 20 inches; what will be the time of the exposure?

Solving the equation for T we get:

T= e_f. X D 2
T

67 X (20) 2 _ .67 X 400
T =	 - —	 = 6. 7 minutes40	 40 

J i CGL. — IIY< m z

........—.ter.....,:-	 .., ...... s«..,.. ^.r..,. 	 _	 ^..	 ,......-.. ..„,	 ..., .,i..,, . ^. .w^.... ... ......_..	 «.	 ^
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Be careful, You have selected the wrong density line. Here's the problem again.

From the chart, what would be the exposure factor to use in the equation if we were

to radiograph 2 inches of steel and obtain a film density of 1. 5 ?

r- 92 OURCES
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The dotted line on the chart above shows the solution to the problem. First we find

2-inches on the horizontal scale. From this point we move vertically to the plot

showing a density of 1. 5. At this point we move horizontally to the left to find the

exposure factor on the left scale. The approximate exposure factor we would use

in this case is . 67,

Turn to page 5-34.
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Sorry, ^'ou goofed it. Here's how your solution should look:

The exposuve factor from the chart for 2 inches of steel and a density of 2. 0 is .96.

The source-to-film distance is 15 inches and the intensity is 25 curies.

T : e.f. X D 
2

I

0.96 X q — 2  0.96 X 225
T	 25	 25	

- 8.6 minutes

Turn to page 5-35.
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Approximately 8. 6 minutes - right. Now here's the chart again. After you have

worked through the problems below turn to the next page and check your work.

Problem 1. We have a 100 curie source of Ir-192 with which we are going to radio-

graph a 2.5-inch specimen of steel at a source-to-film distance of 20 inches. What

will be the exposure time required to obtaki a density of 2.0 on type IT film ?

Problem 2. What exposure time is required to radiograph 1.5 inches of steel with a

50 curie source of Ir-192 to obtain a film density of 2.5 or. type II film when the source-

to-film distance is 12 inches?

Problem 3. What is the required exposure time to radiograph 2 1/4 inches of steel to

a density of 2.5 on type II film with 75 curies of Ir-192 at a source-to-f11ni distance

of 25 inches ?

Turn to page 5-38.
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Agpwr •494problem 1. Exposure factor from chart - approx. 1. 9.

T e.f.XD 
2

_

I

T = 1.9 X 20 2 - 1. 9 X 400 = 
7. 6 minutes

100	 100

Answer to problem 2. Exposure factor from chart - 0.63

0

T - e,f.XD
I

0.63 X 12 2	 0.63 X 144
T ^.
	 ^	 ^ 1.8 minutes

50	 50

Answer to problem 3. Exposure factor from chart - 1. 75

2
T  e, f. X D_

I

1.75 X (2 5)2 	 1.75 X 625
T =
	 75	 - --

 7T— = 14. 6 minutes

Turn to page 5-39.

MWAMW
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From page 5-33	 5-39

In order to use the gamma ray exposure charts the radiographer must know the

activity of the isotope that he is using. The activity of any given isotope on any given

day is dependent on the original activity and the half-Life of the isotope. The activity

of an isotope with a long half-life does not change much from day to day out the activity

of an isotope with a short half-life can change by quite a bit,

Since the activity of the isotope decays with the passage of time, the radiographer must

have available some way to determine the activity of the isotope at any given time. The

simplest way to determine the activity of a given isotope at any time is to consult the

decay chart that is provided with the isotope by the manufacturer. Such a chart is

shown below.
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IRIDIUM DECAY CURVE
SOURCE NO.IR-1166
50.0 CURIES
CALIBRATED 7-6- 62
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Turn to page 5-40.
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1 '	 t a portion of the decay chart. Note the data in the upper right-hand

corner.
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The isotope for which this chart was constructed is Iridium-192. Note also that the

source was given an identification number - IR-1166. This chart is only applicable

to the particular source that bears this same identifying number.

The activity of the source (50.0 curies) that is shown is the activity of this source on

the date of calibration.

On July 6, 1962, the activity of this source was 	 curies.

1166 ...... ................. . ...... .. .. . . .... ...... .. Page 5-41

50 ................................................. Page 5-42
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You are confusing the identification number with the activity of the source. Don't

forget that the activity of a gamma ray isotope is always measured in curies.

The data in the upper right corner of the chart tells us that Iridium source number

IR-1166 had an activity of 50 curies on July 6, 1962.

Iridium Decay Curve
Source No. IR-1166

0.0 Curies
Calibrated 7-6-62

i

Turn to page 5-42.

It

I
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Right.	 On July 6,
"Mme

1962, the activity of Iridium source IR-1166 was 50 curies.

Since Iridium-192 has a half life of 75 days, we knew that after 75 days our 50 curies

will be reduced to 25 curies.	 This decay is shown on the chart. (See dotted line. )

loo

so t
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Using the chart above (each vertical line represents 2 days) what would be. the activity

of this soar. ce 25 days after the calibration date?

Decide on your answer then turn to the next page.
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40--curies-As the correct answer. If you were not reasonably close to this answer,

return to page 5-42 and try again. If you feel you understand the method, read on.
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On this chart we have added the calendar dates to help us determine the activity on

any given day.

For example, the activity of IR-1166 on Oct 12, 1962, was 20 curies. (See dotted

line above. )

The activity of IR-1166 on Dec. 27, 1962, was

10 curies . .... .. .. ........ .. . . .... . ... . ....... .. ...... Page 5-44

20 curies . ........ .... .... . . . . ..... ... ... . .. .. .. .. .... Page 5-45

41^W
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Itight. 1'h1activity of this source on Dec. 27 was 10 curies.

Equivalence charts, In all of the exposure charts we have shown you, the Specimen

material was steel. Generally exposure charts are made for either aluminum or

steel. This can cause problems if the specimen to be radiographed is of some other

type of material. However, this type of problem is solved by the use (if a radiographic

equivalence chart similar to the one shown here.

APPROXIMATE RADIOGRAPHIC EQUIVALENCE FACTORS OF SEVERAL METALS

X-RAYS GAMMA RAYS

^ o
'^

METAL
> Y > Y

W
d9

^ O O N Q
O O ^ N O ^ p i

^
C N m Q

tR rl rl N Q r.. N (	 ^ (Wj U d.

MAGNESIUM 0,6 0,6 0,05 0,08

ALUMINUM 1,0 1,0 0,12 0,18 0,35 C.35 0,35 0,40

2024 (ALUMINUM) ALLOY 1.4 1,2 0,13 0,14 0.35 0,35 0.35

STEEL 12, 1,0 1,0 1,0 1.0 1,0 1,0 1,0 1,0 1,0 1.0

18-8 (STEEL) ALLOY 12 1,0 1,0 1,0 1,0 1,0 1 0 1,0 1.0 1.0 1.0

COPPER 18, 1,6 1.4 1,4 1.1 1	 1 1,1 1,1

ZINC 1,4 1.3 1.3 1,1 1 0 1.0 1,0

BRASS 1,4	 1.3	 1,3	 1,2	 1.2	 1.1	 1	 1	 1.1	 1,1

14	 12	 y	 5.0	 2,5	 4.0	 3.2	 2,3	 2,0 

THE STANDARD META'i AT LSD K%0	 AR) loo VV . AND

LEAD_

ALUMINUM IS TAKEN AS
STEEL AT THE HIGHER VOLTAGES AND WITH GAM-0!+ RAYS

Turn to page 5-46.
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Don't a the example we gave with the problem. The problem was to determine

the activity of IR-1166 on Dec. 27, 1962. The correct solution is shown on the chart

below.

1
0 10	 20	 30	 40

120 130	 140	 150	 160

240 250	 260	 270	 280

IRIDIUM DECAY CURVE
SOURCE NO. IR -1166
50.0 CURIES
CALIBRATED 7-6 -62,8

j
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1 1 1 1

9-1-E2 THW rN
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12 -1 -6 2

- 1-1 -63

3--r
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4-1-63

.
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Since each vertical line represents 2 days, we start at the point marked 12-1-62 and

move horizontally to the right 13 1/2 lines (27 2 = 13 1/2). In this manner we

establish the vertical line that represents Dec. 27. We then mov-D down the line to

the point where it intersects with the decay line. From this point we move horizontally

to the left hand scale where we read 10.

We now .know that on Dec. 27 the activity of IR-1166 is 10 curies.

Turn to page 5-44.

1



From page 5-44	 5-46

The figure given in the chart are multiplication factors and are used to convert aI
particular thickness of the selected material to the equivalent thickness of the standard

material. In other words, the thickness of the selected material multiplied by the

factor given in the chart is the equivalent thickness of the standard material. Note

that the standard material for 50 and 100 kv exposures is aluminum (factor 1. 0).

For higher voltage X-rays and gamma rays, the standard material is steel (factor 1.0).

Let's look at . example: We want to X-ray 0, 5 inches of copper at 220 kv. From the

chart (partially repeated below) opposite "copper" in the 220 kv column we find the

multiplication factor 1.4. Them 0.5 x 1.4 = .70

APPROXIMATE RADIOGRAPHIC EQUIVALENCE FACTORS OF SEVERAL METALS

X-RAYS GAMMA RAYS

N f- O
.p

METAL Y Y Y Y Y Y
W

v

'"^

>

, r

O O N O rOj O y^y
G

W O Q
U1 pq .-1 N V rl N r-1 () U a:

^enrti^c^ 0.6 0.05 0.08
..0 1,0 1,0 --

^c n An

18-8 (STEEL) ALLOY 12, 1.0 1,0 1,0 1.0 1.0 1.0 1,0 1.0 i.v ^.0

COPPER 18, 1.6 1,4 1.1 1	 1

ZINC 1.4 1.3 1.3 1.1 1 0 1.0 1,0

IRRACC 4 1.3 1.3

This tells us that to radiograph 0.50 inches of copper at 220 kv we wou13 use the

same exposure as we would normally use for 0, 7 inches of steel. One-half inch of

copper is equivalent to 0.7 inches of steel.

What is the equivalent in steel of 0.5 inches of copper when being radiographed with

Cobalt-60? When you have decided on your answer check it against the correct

answer given on the next page.
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0.5 x 1. 1 = 0.55

One-half inch of copper is equivalent to 0, 55 inches of steel when radiographed with

Cobalt-fu.

APPROXIMATE RADIOGRAPHIC EQUIVALENCE FACTORS OF SEVERAL METALS

X-RAYS GAMMA RAYS

>
N ^ ^

.p

> YMETAL
Y
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Y
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Y

>
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O O OO
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OO
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O ?N Qm O
tr1 •^ N ^' V U a

MAGNESIUM 0.6 0.6 0.05 0.08

ALUMINUM 1,0 1,0 0.12 0.18 0.35 0.35 0,35 0.40

2024 (ALUMINUM) ALLOY 1.4 1.2 0.13 0,14 0.35 0.35 0.35

STEEL 12, 1.0 1,0 1,0 1,0 1.0 1,0 1,0 1.0 1,0 1.0

18-8(STEEL) ALLOY 12 1.0 1.0 1.0 1.0 1,0 1.0 1,0 1 0 1.0 1.0

COPPER 18, 1.6 1,4 1.4 1.1 1	 1 1.1 1.1

ZINC 1.4 1,3 1.3 1.1 1 0 1.0 1,0

BRASS 1.4 1.3 1.3 1.2 1.2 1.1 1	 1 1,1 1.1

LEAD 14 12 5.0 2 5 4,0 3 2 2.3 2.0

ALUMINUM IS TAKEN AS THE STANDARD METAL AT 50 KV AND 100 KV., AND
STEEL AT THE HIGHER VOLTAGES AND WITH GAMMA RAYS

The radiographic equivalent of 3 inches of magnesium when radiographed at 100 kv

is

1.8 inches of	 aluminum ............	 .	 ....................... Page 5-48

1.8 inches of	 steel	 .	 .	 .	 ..	 ..	 .	 ...	 ..	 .	 .	 ..	 ....	 . .	 .	 .	 ..	 ..	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 5-49
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Very o	 The standard metal at 100 kv is aluminum, not steel.

Selection of film. The film to be used is usually specified in the codes or specifica-

tions under which the specimen is being radiographed. When the film is not specified

the radiographer must be prepared to make his own selection.

Firm rules for the selection of film cannot be drawn. However certain factors must

always be considered. These factors are: density, contrast, graininess, and speed.

Density. Film contrast generally, increases as the density of the film increases.

However, some films are limited to a particular maximum, density and, because of

this, are useless whenever densities are desired that are above their limits. Essen-

tially, maximum density is limited by the amount of silver in the film emulsion. This

limiting factor is indicated on the film characteristics charts by the leveling-off of the

curve at the upper density limits. However, for all films the 'Light intensity produced

by the film viewer is the real limiting factor. The radiograph must not be so dense

that the image will not pass the light from the viewer behind it.

The selection of a film density is more dependent on the light emitted by the film

viewer than dependent on the film emulsion.

True.... ...... ...... ....... . ........ ...... .. .. ...... Page 5-50

False.... ........... ............ .... . . .............. Page 5-51
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1.8 in he,bof steel is not the correct answer. Let's look at the chart and see why.

APPROXIMATE RADIOGRAPHIC EQUIVALENCE FACTORS OF SEVERAL METALS

X-RAYS GAMMA RAYS

N

01
1^ p

METAL Y Y Y Y Y
W

> _^Y O O aN _> Q
O O 1Ln N O p p ^ O Uj

V
m

V
O

1!1 .^ .-1 N tt .-1 N

MAGNESIUM 0,6 0.6 0,05 0,08

ALUMINUM 1,0 1,0 0,12 0.18 0.35 0.35 0,35 0.40

2024 (ALUMINUM) ALLOY 1,4 1.2 0,13 0.35 0,35 0,35

STEEL i2. 1.0

t14

1.0 1.0 1 0 1.0 1.0 1.0 1.0 1,0

18-8 (STEEL) ALLOY 12 1,0 1,0 1.0 1.0 1.0 1.0 1,0 1.0 1.0 1.0

COPPER 18, 1,6 1.4 1,4 1.1 1	 1 1.1 1.1

ZINC 1.4 1.; 1.3 1.1 1 0 1.0 1.0

BRASS 1.4 1.3 1.3 1.2 1,2 1,1 1	 1 1.1 1,1

LEAD 14 12 5.0 2.5 4.0 3.2 2.3 2.0

ALUMINUM IS TAKEN AS THE STANDARD METAL AT 50 KV AND 100 KV., AND
STEEL AT THE HIGHER VOLTAGES AND WITH GAMMA RAYS

Note the factors that are circled on the chart. Aluminum is the standard metal at 50

and 100 kv. Its factor then is 1 at these voltages. Steel is the standard metal for all

the higher voltages and for gamma ray sources. Its factor is 1 at these voltages and

energy levels.

Since the question concerned 3 inches of magnesium radiographed at 100 kv. , the

standard metal is aluminum. 3 X 0.6 = 1, 8 inches of aluminum.

Turn to page 5-48 and continue.
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I3	 ....T1# film density selected for the radiograph should never be so dark that it

cannot be read on available viewing equipment.

Contrast. You will remember that the contrast of a film is determined from the slope

of the characteristic curve of the film. The steeper the slope, the more contrast

available. Selection of the film on the basis of its contrast is dependent on the type

of discontinuities sought. Films that show high contrast are desired when small

discontinuities are sought. If the requirerzents are such that only comparatively

large discontinuities are sought, then a film with less contrast may be used.

HIGH CONTRAST
	

LOW CONTRAST
FI LM
	

FILM

High contrast films are used in radiography when the discontinuities sought are

large............ .................... ..... . ... ... .. .. Page 5-52

small.. .............. .... ..... . . . . . . . . . . . .... . . . . .. .. Page 5-53

Amwdhw^
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Aawarently we haven't made our point very clear.

In radiography, variations in the density of the film indicate changes in the structure

of the specimen. The variations in film density are important because they change

the amount of light transmitted through the film. It is this variation in the transmitted

light that is important to the film interpreter.

Then it follows that the light behind the film has a direct bearing on the amount of

l:ghtthat is transmitted through the film. A dim light cannot shine through a film of

high density as well as a bright light. Therefore, the density of the film is selected

on the basis of the brightness of the viewer. A high film density can be selected

when the viewer is illuminated with a bright., light.

Turn to page 5-50.

AMONOr>
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You	 svr indicates that you think high contrast films are reciuired to detect

largo discontinuity. This is not correct.

Let's look at this in terms of subject contrast. When the thickness of the discontinuity

is small in comparison to the specimen thickness, it does not have much affect on the

Intensity of the radiation passing through it. The small change In intensity of the

radiation passing through the discontinuity resalts in a small variation of the intensity

of the radiation as it arrives at the film. The appearance of the image on the film

depends upon the ability of the film to respond to the small change in intensity with a

marked change in density.	 Films that are capable of this are said to have high contrast.

High contrast films are used in radiography when small discontinuity are sought.

Turn to page 5-53.
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VULood. High contrast films help reveal small discontinuities.

Graininess. Film graininess affects the definition of the radiograph and, you will

remember, results from the relative sizes of the individual grain clumps. Graininess

is directly related to film speed, the faster films generally having larger grains than

slow films. Since fine grain films are invariably slow speed films, exposure times

must be increased if the better definition of slower films is desired.

Use of a slower speed film will improve the definition of a radiograph.

True................... ..... . ....................... Page 5-54

False............................................... Page 5-55

a.

1
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Exactly right. 'riv . titter- M'r«dined, slow speed fllms I roduce sharper images than the

c	 fw-	 iinc-cl, fart films.

Film sLc(. We have just described the effect that film sp( sd has on the definition of

the radiograph. The film density is also affected by the speed of the film since faster

films reach a given density with less exposure.

As you can see, the choice of film is largely based on the requirements of the

radiograph.

The following table was devised for instructional purposes only, but similar tables

are provided by all film manufacturers for all of their current films.

FILM CHARACTERISTICS SPEED GRAIN CONTRAST

TYPE I
FOR CRITICAL INSPECTION, HIGHER VOLTAGES AND EXTR A HIGH
RADIOGRAPHY OF LIGHT METALS AND THEIR ALLOYS. SLOW FINE

TYPE II
FOR RADIOGRAPHY OF LIGHT METALS AT LOWER
KILOVOLTAGES, AND HEAVIER STEEL PARTS AT SLOW FINE P, 1.

1, 000 TO 2, 000 KILOVOL , S.

TYPE III
FOR EXAMINATION OF STEEL OR BRASS ALLOYS WITH
MACHINES OF LIMITED KILOVOLTAGES	 RECOM-
MENDED FOR USE WITH CALCIUM TUNGSTATE MEDIUM MEDIUM MEDIUM

SCREENS. WITH LEAD SCREENS MAXIMUM LATITUDE,
MEDIUM SPEED AND CONTRAST CAN BE OBTAINED,

TYPE IV

HIGHEST AVAILABLE SPEED WITH LEAD SCREENS FOR
BOTH X-RAY AND GAMMA WORK 	 ',.A;?;EST GRAIN FAST LARGE MEDIUM

SIZE

Turn to page: 6-56.
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Y i m i t i . Lot.)I: at it this :+ ay .

Definition is the dc>g ree ()i sharpntrs ; .,i tht# image.

Small grains :n the film will prm!uce a sharper im,ge than large ^;rains.

Small grain films are sluwe7 than large grain films.

ThUrefOrQ slOWCr fillll. , h,1v111g S.nalk r grains, will have Netter delinition than fast,

large-g ra in films,

Turk to page 3-34.
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table of this type (repeated below) attempts to give a general outline of the filth
•". 0

charact:;ristics and the normal use for the films. The table reflects a balance

between a high duality radiograph and a relatively short exposure. If a higher duality

radiograph is desired, a slower, finer-grained film should be used. On the other hand,

if short exposure times are essential and the overall sensitivity is not critical, a

faster film should be used.

FILM CHARACTERISTICS SPEED GRAIN CONTRAST

TYPE I
FOR CRITICAL INSPECTION, H I GHER VOLTAGES AND EXTRA HIGH
RADIOGRAPHY OF LIGHT METALS AND THEIR ALLOYS, SLOW FINE

TYPE II
FOR RADIOGRAPHY OF LIGHT METALS AT LOWER
KILOVOLTAGES, AND HEAVIER STEEL PARTS AT SLOW FINE HIGH

1,000 TO 2,000 KILOVOLTS,

TYPE 111
FOR EXAMINATI r N OF STEEL OR BRASS ALLOYS WITH
MACHINES OF LIMITED KILOVOLTAGES	 RECOM-

MEDIUM MEDIUM MEDIUMMENDED FOR USE WITH CALCIUM TUNGSTATE
SCREENS. WITH LEAD SCREENS MAXIMUM LATITUDE,
MEDIUM SPEED AND CONTRAST CAN BE OBTAINED,

TYPE IV
HIGHEST AVAILABLE SPEED WITH LEAD SCREENS FOR
BOTH X-RAY AND GAMMA WORK, LARGEST GRAIN FAST LARGE MEDIUM

SIZE.

Let's assume that we have made a radiograph using Type III film that has the character-

istics shown on the chart above. The definition in the radiograph is not quite satis-

factory so we will shoot another radiograph but wi)l use Type--film.

II. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Page 5-57

IV...... ................... .............. .. ........ Page 5--58
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Good thinking. To improve the definition of the radiograph we would use a slower,

finer -grained film. In this case - Type I1.

Selection of source-to-filin distance. The source -to-film distance is often specified

in the codes and specifications. When it is not specified, the radiographer must be

able to make his own selection.

The selection of the proper source-to -film distance is a primary factor in controlling

the unsharpness of a radiograph. The unsharpness can be measured by measuring the

width of the penumbra on the radiograph. It has been determined that, for most

i ndustrial radiography, an unsharpness of .020 inches will still appear sharp to the

unaided human eye. Thi k, means that any pei.umbra measuring . 020 inches or less

will appear as a sharp image to the unaided eye.

An unsharpness measuring .010 inches will appear sharp to the unaided eye of *he film

interpreter.

True.... ...... .... .. .... .. ...... .. .. ...... .. .. ...... Page 5-5.9

False................................................ Page 5-60

s r^l^i
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Poor choice. You have selected a faster, large-grain film. This will not improve
dw	 .140

the definition of the radiograph.

Here's the chart again.

FILM CHARACTERISTICS SPEED GRAIN CONTRAST

TYPE I
FOR CRITICAL IVPECTION, HIGHER VOLTAGES AND VERY EXTRA

HIGH
RADIOGRAPHY OF LIGHT METALS AND THEIR ALLOYS, SLOW FINE

TYPE II
FOR RADIOGRAPHY OF LIGHT METALS AT LOWER
KILOVOLTAGES, AND HEAVIER STEEL PARTS AT SLOW FINE HIGH
-L,000 TO 2,000 KILOVOLTS,

TYPE III
FOR E XAMINATION OF STEEL OR BRASS ALLOYS WITH
MACHINES OF LIMITED KILOVOLTAGES 	 RECOM-
MENDED FOR USE WITH CALCIUM TUNGSTATE MEDIUM MEDIUM MEDIUM
SCREENS,	 WITH LEAD SCREENS MAXIMUM LATCiUDE,
MEDIUM SPEED AND CONTRAST CAN BE OBTAIN`^D,

TY^E IV
HIGHEST AVAILABLE SPEED WITH LEAD SCREENS FOR
BOTH X-RAY AND GAMMA WORK, LARGEST GRAIN FAST LARGE MEDIUM
SIZE.

Our original radiograph was made on Type III film. We wanted to improve the defini-

tion of the radiograph by using another type of film. In order Lo improve the definition

wc; would need a finer grained film. Look at the chart and you will see that Type II

film has a finer grain than Tyne III film. Therefore the proper selection is Type H.

Turn to page 5-57 and continue.

J
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Right. Any unsharpness measuring less than .020 inches will appear sharp.

Conversely, we can say that any penumbra measuring over .020 inches will ap,,ear un-

sharp. Thus we can establish a limit for unsharpness that we should trN- to maintain.

Limits of unsharpness can be decreased as the need for finer detail increases. Aero-

space requirements often specify that unsharpness be limited to .005 inches.

The amount of unsharpness (LT) is controlled by three factors: 1) Source-to-film dis-

tance (D); 2) Specimen-to-film distance (t); and 3) Source diameter (d). The unsharp-

ness can be computed by using the following equation.

txd
U D-t

If we have defined our maximum allowable unsharpness as being .020 inches and we

are trying to determine the proper source-to-film distance, we rewrite the equation

thus:

D -t	 + t020

When we substitute values in this equation and salve for D, we arrive at the minimum

source-to-film distance required to limit unsharpness to .020 inches. Note - the

specimen-to-film distance (t) is the distance from the source side of the specimen to

the film (includes the thickness of the specimen).

Let's take a look at an example: The specimen is 2 inches thick, the specimen is

placed directly on top of the film, and our source size is .125 inches. We want to

maintain an unsharpness at or below .020 niches.

D- 
t x d 

+t
.020

D 2 
x .12 5
	
2- 14.5 inches

020 

Now you try one. What is the minimum source-to-film distance required to reduce

unsharpness to .005 inches if the 4-inch thick specimen is placed directly on top of

the film and the source size is .075 inches?

Solve the problem then check your work on page 5-61.

• a^
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SOWWWONO

You blew it. Any unsharpness measuring less than .020 inches will appear as a sharp

image and . 010 inches is certainly less than .020 inches. The image will appear

sharp to anyone viewing the film with the unaided eye. Keep in mind that .020

inches is just about the width of a firm pencil line.

Turn to page 5-59.

_	 _^.. rte--
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D = t x d + t

4 x .075D = .0--05 + 4 = 60 + 4 = 64 inches, minimum.

Now try these. When you have worked all three problems turn to page 5-62 and check

your work.

Problem 1. The specimen is 5 inches thick and is resting on the film. The source is

.2 inches in diameter. What is the minimum source-to-film distance required to

obtain an unsharpness of .020 inches?

Problem 2. We are going to radiograph a weld on 1/2" aluminum plate. The plate is

resting on the film and the source size is .075 inches. What is the minimum source-

to-film distance that can be used if we wish to obtain an unsharpness of .005 inches?

Problem 3. We are radiographing 3-inch steel plate using a .15 inch source of

Cesium-137. The film cannot be placed directly on the plate so a gap of 0.25 inches

exists between the plate and the film. What is the minimum source-to-film distance

if an unsharpness of .020 is to be maintained?

• "MMONO
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Problem 2.

Problem 3.

5-62

1) t x d	
t

U

D 5 x020 - 5 -- 50 - 5 = 55 inches, minimum

D txd t
L'	

...

D 
.5x.075

.005  t .5 = r .5 + .5	 inches, minimum

D= txd
+t

U

-Note  -• specimen-to-film distance is 3.25 inches.

D 3 .
23 x15 - 3.25 = '24. 7 {-3.25 = 27. (i2 inches, minimum
. 

In actual practice, the source-to-film distances used are often much greater than the

computed minimum distances particularly when source sizes are small and, thinner

:specimens are being radiographed.. In problem 2 above, for example, it is very

unlikely that you will have to get within 8 inches of the focal spot of an x-ray tube,

Turn to page 5-63.
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On'W lastfew pages we have shown you how to select a minimum source-to-film

distance that will give a minimum amount of unsharpness. You will, of course, coma

upon situations where the minimum distance cannot be obtained. Perhaps adjoining

structure will limit the source-to-film distance below the minimum. This means

that you will not be able to attain the required limits of unsharpness under these

circumstances. Let's see then what effect a shorter distance has upon unsharpness.

Let's loot: at problem 1 again.

The specimen was 5 inches thick; the source was 0.2 inches in diameter. The

minimum source-to-film distance worked out as -

D 5X 2 5 50+5 55 inches

Now let's suppose that the allowable unsharpness was .040 instead of .020. The

minimum distance would then be reduced to -

?J- 3 4 .2 +5--25+5 30 inches

We have cut the minimum distance almost in half and our unsharpness is net too

excessive. The point we are trying to make here is that when you are forced to

accept less than perfect conditions you should be aware of the effect that these

conditions will have on the radiograph.

Turn to page 5-64.
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Selection of milliamperes. In X-radiography, once the radiographer has determined
•e^	 6 00

th`btieI*exposure from exposure charts and has clalculated the necessary correc-

tions for changes in film, source-to-specimen distance, and film density, he is ready

to select the tube current at which he expects to operate his equipment.

The selection is based on the operating capability of the available X-ray units. The

specifications for the equipment will specify the current rating of the tube. These

specifications cannot be exceeded without damaging the tube.

An X-ray unit is rated for 300 kv at 10 ma, continuous operation. A milliampere meter

on the control panel will indicate from 0 to 20 ma. The maximum current that can be

safely put through the tune when operating at 300 kv over long periods of time

is

10 milliamperes . . . . . . . . . . . . . . . . . . . . Page 5 ­ 65

20 milliamperes . . . . . . . . . . . . . . . . . . . . page 5-66

• •MMIRamb
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Right. Ten milliamperes is the maximum current for that unit for continuous operation

r i c es %f the range of the meter. You can use less current than 10 milliamperes

with this unit but never more than 10.

Some machines are rated at one amperage for continuous-duty operation and at a

higher amperage for a duty-cycle operation. The duty cycle is usually specified -

so many minutes "on" followed by so many minutes "off". When using the higher

amperage neither the rated current nor the duty cycle should be exceeded.

Turn to page 5-70 for a review of this chapter.

• mow)
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From page 5-64

pY^rou dust ruined a good X-ray machine:. The meter is like a speedoniewr. It is there

to keep you posted on what is going on. It is not there to tell you how fast you should

drive..

The maximum current that can be safely used is the rated current. Since this machine

was rated at 10 milliamperes, the rnaximum allowable current is 10 milliamperes.

Turn to page 5-65
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APPROXIMATE RADIOGRAPHIC EQUIVALENCE FACTORS OF SEVERAL METALS

X-RAYS GAMMA RAYS

N t^

m

p
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METAL Y Y Y
Y Y

W ^
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O O
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O O O O
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0̂ 04
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MAGNESIUM 0,6 0.6 0,05 0,08

ALUMINUM 1.0 1,0 0,12 0,18 0.35

0,35

0.35

0.35

0,35

0.35

0,40

2024 (ALUMINUM) ALLOY 1,4 1,2 0,13 0,14

STEEL 12, 1,0 1,0 1,0 1.0 1,0 1.0 1.0 1.0 1,0 1.0

18-8(STEEL)ALLOY 12,

18.

1,0 1.0 1.0 1.0 1.0 1,0 1.0 1.0 1,0 1.0

COPPER 1.6 1.4 1,4 1.1 1	 1 1.1 1,1

ZINC 1,4 1,3 1. .3

1.2 1,2

1.1

1.1

1 0

1	 1

1.0

11.1

1.0

1.1BRASS 1,4 1.3 1.3

LEAD 14 12 5,0 2 5 4.0 3.2 2,3 2.0

ALUMINUM IS TAKEN AS THE STANDARD METAL AT 50 KV AND 100 KV„ AND
STEEL AT THE HIGHER VOLTAGt3 AND WITH GAMMA RAYS

FILM CHARACTERISTICS SPEED GRAIN	 CONTRAST

TYPE i
FOR CRITICAL INSPECTION, HIGHER VOLTAGES AND EXTR A

HIGH
RADIOGRAPHY OF LIGHT METALS AND THEIR ALLOYS. SLOW FINE

TYPE II
FOR RADIOGRAPHY OF LIGHT METALS AT LOWER
KIL OVOLTAGES, AND HEAVIER STEEL PARTS AT SLOW FINE NIGH
1, 000 TO 2, 000 KILOVOLTS.

TYPE III
FOR EXAMINATION OF STEEL OR BRASS ALLOYS WITH
MACHINES OF LIMIT r O KILOVOLTAGES,	 RECOM-
MENDED FOR USE WITH CALCIUM TUNGSTATE MEDIUM MEDIUM MEDIUM
SCREENS, WITH LEAD SCREENS MAXIMUM LATITUDE,
MEDIUM SPEED AND CONTRAST CAN BE OBTAINED.

TYPE IV
HIGHEST AVAILABLE SPEED WITH LEAD SCREENS FOR
BOTH X-RAY AND GAMMA WORK. LARGEST GRAIN FAST LARGE MEDIUM
SIZE.

i
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MINIMUM
DISTORTION

1. The qualities shown above describe the ideal

10. Lead screens	 (are, are not) generally used at voltage below

120 - 150 kv.

18. 1. Z5	 curie x minutes
e.f. =	

2
(inches)

19. The exposure factor (e. f.) is represented by the equation — I X2

D

I stands for the intensity of the source measured in

The figure .020 inches represents the maximum width of penumbra that will

still allow the image to appear	 to the unaided eye.

• ANWWW
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THE IDEAL RADIOGRAPH

1. Radiograph

DISTORTION	 DEFINITION	 CONTRAST
	

DENSITY

2. The ideal radiograph has 	 —	 distortion,	 d finition,

_ contrast, and	 density,

10. are not

11. When fluorescent screens are used the exposure time can be

(reduced, increased).

19. curies

20. What exposure time is required to obtain a film density of 2.0 on type II film

radiographing 1.5 inches of steel with 10 curies of Iridium-192 at a source-

to-film distance of 15 inches?

28. sharp

29. Since an image having a penumbra measuring .020 inches still appears sharp to an

observer we use this measurement to establish the	 (maximum - minimum)

source-to-film distance. 	 0•

0

0
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2. minimum, sharpest,

highest, adequate

3. The four qualities that describe the ideal radiograph are:

and	 r,	 .

11. reduced

12. screens are used only when the exposure time without

them is excessive.

a0. 10.8 minutes

21. The activity of IR-1166 on Nov. 1, 1962, was	 .

29. minimum.

30. Penumbra is caused by three geometrical factors.	 Source-to-film distance,

specimen-to-film distance, and source-size. 	 The minimum source-to-film

di<,tance can be found by using the equation D = t ; d + t.	 In this equation, "d"

stands for	 ..........

•
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3. Minimum distortion,
sharpest definition, maxi-
mum contrast, adequate

Use the charts given on pages 5-67, 5-68, and 5-69 to help you answer the questions

in this review.

4. An X-ray machine rated at 200 to 750 kvp can be used to radiogr;,,Ph 2 inches

of steel.	 (True - False)

12. Fluorescent

13. If you were going to radiograph 1.5 inches of steel plate with an X-ray machine

rated at 200 to 750 kv, what tube voltage would you use?

21.

r

17 curies

22. When radiographed at 400 in, , 1. G inches of copper is the equivalent of

inches of steel.

t	 d +30. source diameter	 D=	 tU

31. ............ and "t" stands for

•
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4. True

MEMO

5. An X- ray machine rated at 200 to 750 kvp can be used to radiograph 1/4 inch

steel plate.	 (True - False)

13. Any voltage between 210	 Your answer would have to be considered correct if

and 700 kv	 it lies between these voltages. 	 However it is more

nearly correct if it is close to 380 kv.

14. What exposure would you use to radiograph 1 inch of steel at 180 kv to obtain a

film density of 1.5 on type II film with a source-to-film distance of 40 inches

and with lead screens?

22. 2.24

23. When radiographed at 100 kv, 0.3 inches of steel is equivalent to

inches of aluminum.

31. specimen-to-film distance
(specimen thickness only i
specimen is on the film)

32. The equation for determining the minimum source-to-film distance is

^.	 •

0
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5. False

6. The maximum voltage that can be used to radiograph 2 inches of steel is

approximately	 kvp .

14. 22 ma-min

15. To radiograph 8 inches of steel using a . adiographic isotope you would

use	 (Iridium-192, Cobalt-60).

23. 6

24. The selection of the film density is dependent on the quality of the film viewer.

The image on the radiograph must never be so dense , that it cannot be read on

available viewing equipment.	 (True - False)

t x d
32. D	 + t

33. An X-ray unit is rated at 90 kvp and 3 milliamps. What is the maximum tube

current that can be used with this unit?

•
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16. We have a 5-curie source of Iridium-192. Should this source be used to radiograph

a steel specimen 5 inches thick?

0
24. True

25. Films that show high contrast are selected when	 discontinue' ies

are sought.

33. 3 milliamperes

This completes the review of Chapter.

Turn to page 6-1

0

0
•
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S. Lead screens, when used at voltages above 120-150 kv generally 	 A

(do, do not) improve the quality of the radiograph.

16. No.

17. We have a 10-curie source of Cobalt-60.	 Can this source be used to radiograph

1 inch of steel?

25. small

26. Slow speed films produce better definition. than high speed films because of

their finer

Turn to page 6-1

•
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S. do

9. lead screens are generally used at voltages above 	 .

Return to page 5-70, frame 10,
and continue.

17. No	 I X Te.	 --2
U

18. What is the exposure factor (e. f .) to use in the above equation if you are going

to radiograph 2 inches of steel using Iridium-192 if you want to obtain a 2.5

density on type II film?

Return to page 5-70, frame 19,
and continue.

26, grain

27. We have just radiographed a specimen with Type III film and in reading the film

have observed what appears to be a discontinuity but the edges seem blurred making

identification impossible. 	 We decide that another ty a of film might aid in identifying

the discontinuity. Which film would you recom- 	
Return to page 5-70, frame 28,
and continue.

Turn to page 6-1

•

K,
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CHAPTER G — RADIOGRAPHIC TECHNIQUES
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There are se-veral established techniques anti procedures with which all radiographers

should be familiar. In this chapter we intend to acquaint you with those procedures.

In Chapter 5 we explained how exposure charts are used. We will begin this chapter

with the procedure used to prepare the exposure charts that are required with any

piece of X-rs ,, equipmOnt you might be using.

Why do we need to prepare exposure charts 7 Imagine for a moment a radiographer

starting out with a brand new X-ray machine. He has no way in the world of Lmowing

exactly how well this machine is going to perform since there are so many uncontrol-

lable variables that make one machine perform differently from another machine even

though they may be exactly alike in appearance. He could start shooting blindly hoping

to come close to the desired radiograph and make adjustments from that point, but

this would be expensive, especially if the specimens he would be radiographing vary

a great (teal in size and shape.

No, the best way to approach the problem is to perform a systematic analysis of the

capabilities of the machine. Many different analysis techniques exist but a. systematic

procedure relying on a combination of tb ory and trial exposures is best, Such an

analysis technique is the "step wedge" analysis explained on the following pages.

Turn to page 6-2.

I	 — — __ J
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The "step wedge" Is any object having several distinct, known, thicknesses.

Equal thicknesses are not required but the actual thickness of each step must be

accurately known. Carefully designed, machine-made step wedges are nice, but

equally good results can be obtained with scraps of plate stock. The material used

should be the same as the material you expect to be radiographing during production

and the overall thickness of the step wedge should excesul the thickness that you could

expect to be radiographing.

Random thicknesses of steel, plate stock may be stacked and used to form a step

wedge.

True	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 6-3

False .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 ]Page 6-4

'	 J
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Right as rain. The important thing to remember when using random thicknesses for

a step wedge is to measure and record the total thiclviess for each step.

Step wedge analysis. The procedure, now that we have a step wedge, is to make

several radiographs of the step wedge keeping the exposure factors under careful

control. Each radiograph is made at a different voltage and exposure.

When the radiographs have been developed they are systematically analyzed and the

results are plotted on the proper graph paper to form the exposure charts with which

you are familiar.

Which of the two statements below do you think describes the correct procedure?

In exposing the radiographs each step of the wedge is exposed at a separate

voltage	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 6-5

In exposing the radiographs the entire step wedge is exposed at each

separate voltage	 . . . . . . . . . . . . . . . . . . .	 Page 6-6

M4100M)
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Sorry - the statement is true.

The only objective of the step wedge is to provide a definite variation in thickness for

several "steps". The change in thickness does not have to be exactly the same for

each step. Therefore, random thicknesse. - of plate stock may be used.

Turn to page 6-3 and continue.
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It sounds logical - but that is not the correct procedurE; .

In the step wedge analysis the first step is to radiograph the entire step wedge at one

voltage; then radiogi aph the entire step wedge at a second voltage; and so on.

By doing this we get an accurate picture of the radiographic effect of several different

voltages on each step. We then know exactly what will happenwhen we radiograph a

certain thickness with any of the appliedvoltages.

Turn to page 6-6.
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Good thinking! The enure step wedge is radiographed at each of several voltages.

Selection of the voltages .o be used is determined by the range of thickness of the

step wedge and may be determined from previous experience with other machines or

from data supplied by the manufacturer that he has developed through use of similar

machines.

The exposure to use at each voltage is determined in the same manner.

Perfect radiographs are not necessary in the step-wedge analysis. It is only neces-

sary that each radiograph show the sharp-edged thiclmesses of the step wedge.

Probably. the best way to illustrate the "step wedge analysis" procedure is to follow

through a typical example. Our step wedge, selected for reasons given on previous

pages, consists of 10 pieces of 0.01-inch stainless steel plate. We are using a brand

new "XXX" X-ray machine. We select a voltage range of 60 to 120 kv for the

radiographs.

It is likely that we based this choice of voltages from -

radiographs of stainless steel made with our new "XXX" unit . . . . 	 Page 6-7

,information supplied by the equipment manufacturer 0	 0 0 0	 Page 6-8
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You chose a long and costly procedure to follow. Obtaining any valid data on the

operation of the "XXX" machine in this manner would require nurnerous, costly ex-

posures before any positive conclusions could be reached. The best and most reliable

information, assuming lack of experience, is obtained from the equipment manufacturer.

Turn to page 6-8.
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Correct. Information supplied by the equipment manufacturer is valid enough for our

purposes in step wedge analysis.

From our range of 60 - 120 kv we select several voltages at which we will expose our

step wedge. This selection is entirely arbitrary. Any values within the selected 	 {

range will do. For our example let's use 60 kv at 5 ma-min, 80 kv at 4 ma-min,

100 kv at 3 ma-min, and 120 kv at 3 ma-min.

Note - we repeat that these voltages and exposures are selected froim exposure data

supplied by the manufacturer of the X-ray equipment.

In our example we could have elected to make 6 radiographs.

True	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 6-9

False	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 6-10
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Right 1

We could just as easily make 6 radiographs. However, four radiographs are to be

made of this step wedge. The voltage; and exposure for each radiograph will be care-

fully recorded on the radiograph.

The preceding steps have established the variable exposure , actors of specirr en

thickness, voltage, and exposure. All other exposure factors must be held constant,

and are also carefully recorded on paper.

Film - be sure the same type of film is used for all exposures.

Film development - be sure that there are no deviations from standard, established

procedures.

Source-to-film distance - do not allow this distance to vary between shots.

Screens if screens or filters are used, do not change type or positioning between

shots.

Shielding - do not change the method of controlling scatter between shots.

Which exposure factors are recorded?

The voltage and exposure . 	 . . . . . . . . . . . . . .	 Page 6-11

All of them	 0 .	 4 0 0 0	 0	 0	 0 0	 0 0	 Page 6-12
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The stai:E'l tent is true. The number of radiographs to make is not pre -deter mincd.

You may elect to make any number you feel are adequate for your purposes. We could

make six exposures if desired.

Turn to page 6-9 and continue.
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You've missed the boat. All of the exposure factors must be recorded.

For example; - if the analysis is made using lead screens, the resulting exposure chart

is good only if screens are used. An exposure without screens will result in an entirely

different radiograph than one with screens. The exposure factors are ultimately re-

corded on the exposure chart. This tells the radiographer the conditions under which

the exposure chart is accurate. This is why every exposure factor must be recorded.

Turn to page 6-12.
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(tight! All of the exposure factors arc recorded. The voltage mid eximsure are re-

corded on the radiograph. The rest are recorded on raper.

Once the set of radiographs are obtained, the analysis phase begins. Each radiograph

is examined with a densitometer and the density of the image of vach "step" in recorded

on a table. A separtme column is used for each voltage and exposure.

01

02

03	
•

THICKNESS
INCHES

60 Kv
5 MA-
MIN

80 Kv
4 MA-

MIN

100 Kv
3 MA-
MIN

120 Kv
3 MA-
MIN

.01 3.9 3.48

.02 2.84 2.62

.03 2 08 2.02

.04 1.6

06 .96
78

.O8 .68

. 09 59

.10 .51

.0

0

.0

.U,

0'

,0

.0

Oi

0'

1

60 Kv
5 MA-MIN

FILM DENSITY

XXX" X-RAY MACHINE
STAINLESS STEEL
FILM-TYPE III, 5 MIN DEVELOP,
NO SCRUNS
S-F DISTANCE - 40 INCHES 80 Kv

4 MA-MIN

,06

07

,08

.09

.10

On the left we show a drawing of the typical siep-wedge radiograph that might have

been obtained with a voltage of 60 kv and an exposure of 5 ma-min. On the right we

show the radiograph that might have been obtained with a voltage of So kv and an ex-

posure of 4 ma-min. In the center we show a typical table on which we are recordings

the densities as read from each of the radiographs of the step wedge.

From the table aix)ve, the measured film density of the image of the 0.02-inch thick-

ness of stainless stee ll when radiographed at 60 kv is 	 _ .

3.9	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 6-13

2.84	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 6-14

rf1f^



01

02

03

04

OSft%S4

06

07

08

09

10

FILM DENSITY

60 Kv 80 Kv 100 Kv 120 Kv
THICKNESS

5 MA- 4 MA- 3 MA- 3 Mb-
INCHE S MIN MIN 'WIN MIN

01 3 48
0? 2.84 2.62
03 02
04 1.t,

__W— 6
06 ?h
07 78

.06 .68
09
10 51

'XXX X-RAY MACHINE
STAINLESS STEEL
FILM-TYPE III, 5 MIN. DEVELOP.
NO SCREENS

i'rom i),ige 6-12
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Let's look at that table again.

60 Kv	 S-F DISTANCE - 41) INCHES	 80 Kv
5 MA-MIN	 4 MA-MIN

In the left hand column of ' the table we have listed the total thickness of each step of

the step wedge. As we measure the density of each step on the r:idiograuh, we record

it in the appropriate column opposite the correct thickness. The image density, then,

of the .02-inch step for 60 kv (circled on the chart above) is 2.X34.

Turn to page 6-14.
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Right. The density of the image of the 0.02-inch thickness radiographed at tit ► kv was

recorded opposite .02 in the 60 kv column.

In this stmic manner the densities o^ z acli step on caach radiogv! , , was read and

recorded. The oomplete results are shown op the table blow.

FILM DENSITY'

THICKNESS
INCHES

60 Kv
5 MA-MIN

80 Kv
4 MA-MIN

100 Kv
3 MA-MIN

120 Kv
3 MA-MIN

.01 3.9 3.48 3,24 4,2

,02 2.F54 2,62 2.40 3.2

,03 2.08 2,02 1,86 2.56

,04 1,6 1,62 1.52 &.08

05 1.26 1,32 1.25 1.78

.06 ,96 1.09 1,04 1.56

.07 ,78 ,90 .88 1.34

,08 ,68 ;78 .77 1.14

.09 ,59 ,68 ,70 1.01

,10 ,51 ,59 ,62 .99

"XXX" X-RAY MACHr+rE
STAINLESS STEEL
FILM-TYPE III, 5 MIN. Dt.:VELOP,
NO 5CREENS
S-F DISTANCE - 40 INCHES

The figure 1.32 in the 80 kv column is the density of the film image of —

inches of stainless steel radiog aphed at 80 kv with an exposure of 4 ma--min.

	

.04	 Page 6-15

	

.05	 Page 6-16
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Let t s look at the table again.

FILM DENSITY

THICKNE S
INCHES

60 Kv
5 MA-MIN

80 Kv
4 MA-MIN

100 Kv
3 MA-MIN

120 Kv
3 MA-MIN

.01 3.9 3.00 3,24 4,2

.02 2,34 2#2 2,40 3,2

,03 2.08 212 1.86 2.56

,04 1,6 1	 2 1,52 2.08

.05 .opn -r2441m 1,32 1,25 1.78

,06 .96 1,09 1,04 1,56

,07 .78 .90 .88 1,34

.08 .68 .78 77 1,14

09 ,59 .68 .70 1,01

10 ,51 ,59 .62 1	 99

"XXX" X-RAY MACHINE
STAINLESS STEEL
FILM-TYPE III, 5 MIN, DEVELOP,
NO SCREENS
S-F DISTANCE - 40 INCHES

Note that the figure 1.32 in the 80 kv column is opposite the .05-inch thickness. This

tells us .L at the film density of the .05-inch step in the 80 kv radiograph is 1.32.

Turn to page 6-16.
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Very good. You seam to widerstnnd how the measured densit les haw , k. en recorded

on the chart.

Now let's take a quick took at at typicut exposure chart U) see where we are going,

100
HO

W 60

40

30

W 20
W
f-

10

H

6

a
4

Q
.5	 3J
2 2

1

. Y	 . ^ ^^ Ufa ^-} .}

.	 ♦ 	 a a a	 ^.a • }
0

....^

♦ f..J

..y-1 ♦ }.	 -i-1,.

y.4
.	 1	 !	 t	 1	 1

. - THIS CHART FOR
I
I

DO NOT USE AS A

EQUIPMENT •• XXX-X-RAY
MATERIAL - STELL
S-r DISTANCE - 40 INCIILS
F I	 t°'

IL M DENSITY • 1.5
RE	 cll

INSTRUCTION ONLY,
RADIOGRAPHIC STANDARD,

0 0,25 0,50 0,75 1,00 1,25 1,50

INC,1ES W STEEL

Note that the exposure chart specifies one density. (In this chart a density of 1.5 was

selected as the standard density.)

The table we have just completed contains exposure data that covers a wide range of

densities. It is now necessary to adjust all of our data to u standard density so that

we can construct a chart like the one above. The density we choose as a standard

depends on the available viewing equipment. For purposes of our example, let's

select a density of 2.5 as a good mid-range density.

The next step in the step wedge analysis is to -

adjust our recorded data to obtair ► a standard density of 2.5 . . . . . Page 6-17

compare our recorded data with the exposure chart shown on this page . . Page 6-18

d'
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(food thinking. The next strp is to convert the exix)Kure for each and every dc ► nFiSty

xhown on our chart to an exposure that will result in it standard density of 2, G.

For example: from our chart (partially repeated below) we know that tui exposure of

.01. ii,. h^^^	 of steal tit 60 k tit G ma-min (1^, 1 ) resulW in a film density of 3.9.	 From

this data we want to determine the exposure (E, 2) that would be required to give a film

density of 2.5 for they same Ihiekness of material and tit the .icu„e voltage.

FILM DENSITY

E i 1I11CKNLSS
INCHES

60 Kv `I
5 MA-MIN

80 Kv
4 MA-MIN

100 Kv
3 MA - MIN

120 Kv
3 MA-MIN

.01 3.9 3,48 3,24 4,2

,02 2,84 2.62 2,40 3,2

.03 2.08 2,02 1,86 2.56

,04 1.6 1.62 1,52 2.08

,05 1.26 1,32 1.25 1.78

.06 1,09 1 n ^ '	 Kh

Do you recall the mathematical process of computing the change in exposure required

to give a particular change in film density?

We would use the inverse square law	 . . . . . . . . . . . . Page 6-19

We would use the film characteristic curves . . . . . . . . . . Page 0-20

t
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We were afraid that we would confuse you by putting that exix)sure chart in thf-i-e. We

only wanted to point out that the exixiKurf ► chart was constructed to give one film

dens ity.

100
N'1

W 60
LQUIPMf NT XXX-X-RAY
MATERIAL - STEEL
S-F DISTANCE 40 INCHES

qM DENSIT 1' - 1, 5

THIS CHART FOR INSTRUCTION ONLY,
DO NOT USE AS A RADIOGRAPHIC STANDARD,

40

30

20
w
f-

10^ H

a 6
W

i 4
dJJ
2 2

1L
0 0,25 0.50 0,75 1,00 1,25 1.50

INCHES OF STEEL

If you will recall, in using this exposure chart any data taken correctly from the chart

and applied to making a radiograph will result in the radiograph having a density of

1.60

We have selected a density of 2.5 for our exposure chart. When our exposure chart

is completed, use of the data should result in a radiographic density of 2.5.

For this reason our next step is to adjust our recorded data to the selected standard

density of 2.5.

Turn to page 6-17 and continue.
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*niv invei , st , squitre law deals with the changc, in vxposure that goes with a change in

soul4ve-to-film distance.	 The source -to -(iIm distance is one exposure factor that we

a ► a being careful not to change, so the inverse square law is not applicable here.

We are changing film densities, We have exposed a certain thickness of steel and

obtained a certain density. We now want to determine from this exposure (F', 1) the

exposury ( t°, 2 ) that would be required to obtain a density of 2, 5, To accomplish this

we make use of the film characteristic curves.

Turn to page 6-20.

t
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Correct. We would use the film characteristic curves to compute the change in ex-

posure required to change the density to 2. 5 .

Let's continue with our example and convert the exposure for .01 inches zit (10 kv

with 5 millir,n•.pere-minutes exposure.

FILM DENSITY

1HICKNCSS
INCHES

60 Kv
5 MA-CAIN

80 Kv
4 MA-.AIN

100 Kv
3 MA-MIN

120 Kv
3 MA-MIN

,01 3,9 3.48 3,?4 4,2

,02 2.84 2,62 2.40 3.2

,o3 2.08 2,02 1.96 2.56

,04 1,6 1,62 1.52 2.08

,05 1,26 1,32 1.25 1.78

06 '	 09 1.04

Using the film characteristic chart we find

Log relative exposure (E' I) for 3.9 density, Tyre III film - 2.851

Log relative exposure (E 2) for 2.5 density, Type III film - 2.630

Interval between log relative exposu res 	 -0.221

Antilog of interval
	

1.66

The exposure must decrease, therefore: 
E2 r 1-.5 ma-min = 3.0 ma-min

Then, the exposure requires: to obtain a film density of 2.5 using Type III film when

radiographing . 01 inches of steel at 60 kv is	 .

r_ . , .

3 milliampere-minutes . . . . . . . . . . . . . . . .	 Page 6-21

5 milliampere-minutes . . . . . . . . . . . . . . . .	 Page 6-22
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Very good. Our computed exix)sure is 3.0 milliampere-minutes.

We nuw proceed, In the sumo manner, to compute it new exposure for each and every

entry in our original density tal)le. A socond t.,d)le is Dirt-pared for ! istink of the

computed data.

EXPOSURE (MILLIAMP-MINUTES)
E2

THICKNESS
INCH ES 60 K v 80 Kv 100 Kv 120 Kv

,01 3,() 2,75 2,2 -

.0 4,35 3,80 3,15 2,25

,03 6,0 4.90 4,05 2,95

,04 7,9 6,2 5,0 3,60

,05 10,3 7,60 6,0 4,25

,06 12,7 9,2 7,1 4,9

,07 15,8 11.0 8,4 5,6

,08 19,0 13,0 9,8 6,5

,09 22,5 15,3 11,5 7,0

,10 27,0 18,0 12,8 7,6

EQUIPMENT - "XXX" X -RAY
MATERIAL - STAINLESS STEEL
S-F DISTANCE 40 INCHES
FILM-TYPE 111, 5 MIN. DEVELOP,
DENSITY - 2,5
SCREENS NONE	 NOTE

Here we show the complete- xposure table. Note that the exposure factors are also

listed on this table and that the 2.5 density is specified. Each exposure on this table

will result in a film density of 2.5 for the thickness of material if n-ii1ted at the

indicated voltage.

From the table above, the exposure required to obtain a film density of 2.5 when radio-

graphing . 05 inches of stainless steel at a voltage of 80 kv on the "XXX" X-ray unit w!th

a source-to-film distance of 40 inches without screens on Type III film

7.6 milli amp- minutes . . . . . . . . . . . . . . . . . . Page 6-23

2.75 milliamp-minutes . . 	 e e 9 e 0 . . . e . . . 9 . . Page 6-24
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Somehow we loth, you on that last turn; so let's turn back a ways.

fn the first step wc, made radiographs of the step wedge at 4 dliferent volti get4 curl

exposures.

In the next step we read and recorded the film density of each step on the radingraphs.

In thi3 way we recorded the film density that resulted from an exix,sure at a given

voltage.

We are now converting that exposure and density to a new exposure at a selected

standard density.

Our original exposure of 5 milliampere-minutes at 60 kv resulted in a density of

3.80 for .01 inches of stainless steel.

We are now computing the exposure required under the same conditions to give us

a film density of 2.5.

The answer must be something other than the o. . inal exposure (5 milliampere-

minutc s). Turn back to page 6-20 and see if you can determine where the correct

answer (3 milliampere-minutes) is found.

i
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Right! The exlx)sure, under conditions established for the table, rv(jWrvd for 0.05

inches at 80 kv is 7.6 milliumpc-re-minutes.

The final step in the step wedge analysis procedv— is to transfer the data from the

exposure table to the more usable exposure chart. The data is plotted on a semilog

graph paper and curves connecting those points are drawn. The com0eted chart is

shown below.	 SUPPORTING
DAl A

The horizontal axis of the chart

shows the thickness of the mate-

rial, while the vertical axis (ors

a log scale) shows the exposure.

It is asst ,t lal to add the support-

ing data on the chart. There

should be enough exposure !n-

formtttion on the chart to _.flow

complete identificatie i of the

chart without referring to other

information.

Turn to page 6-25.

THICKNESS • INC14ES
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Let's have another look at that chart.

EXFOSuRE (MILLIAMP°MINUTES:

THICKNESS
INCHC S

60 Kv 80 Kv 100 Kv 120 Kv

.01 3.0 2.75 2.2 -

02 4 -45 3,80 3,15 2,25

.03 6,0 4.90 4.05 2.95

,04 7.9 6.2 5.0 3.60

. 0 5 1).3 7,60 6.0 4.25

,06 12.7 9 2 7.1 4.9

.07 15.14 41.0 8.4 5.6

OF; 19,0 13.0 9,8 6.5

.09 22,5 15.3 11.5 7.0

10 27.0 18.0 12,6 7.6

EQUIPMENT - 'XY,X" X-RAY
MATERIAL - STAINLESS STEEL
S-F DISTANCE - 40 INCHES
F1 1 M-TYPE. III, 5 MIN, DEVELOP.
Gr.NSITY - 2,5
SCREENS - NONE

And we'll repeat the question. The exposure required to obtain a film density of 2.5

when radiographing .05 inches of steel at a voltage of 80 kv on the; "YXX" X - ray unit

with a source -to-film distance of 40 inches without screens on Type III film is

If you compare the exposure factors called for in the question with the exposure factors

specified on the chart you will find that they agree with the exception of those under-

lined. Before using any c hart like this you mu st always; be sure that the oxposare

factors agree.

Those factors that are underlined give us the clue to enable us to find the correct
answer. Opposite the .05 -inch thickness under the 80 kv column we find 7.6 (shown

circled on the chart). This is the required exposure in milliampere-minates.

Turn to page 6-23.
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The step \^Vd j ;c analysis we have used as= an example is the simplest we could devise.

The material used was comparatively thin anO the steps were of very small thick-

nesses. This was done to assure that all of the rteps of the wedge would appear on

each radiograph at each voltage. You will find that a wider variation in material

thickness will require more than one radiograph at each voltage. You may find that

the thicker part of the wedge will require one exposure and the thinner part of the

wedge will require another exposure. However, whatever the case, the analysis of

the data taken from ca sich radiograph is handled in the manner we have just shown you.

Latitude analysis. Another technique that results in data than is useful to the

radio ,,,rapher is the latitude analysis. (quite often it is necessary to know beforehand

whether or not the radiograph is going to show adequately all 0 thicknesses of the

specimen.

The latitude analysis provedure is fairly simple once we have constructed the

exposure chart. The first SLesp is to decide on an acceptable film density range.

What is the maximum acceptable density and what is the minimum acceptable density?

From ptlge 6-25
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It is true that the latitude analysis starts with an exposure chart but the

selection of an acceptable density range is the first step taken in the latitude

analysis.

Here is why the radiographer needs a latitude analysis.

7

J___ 	10 INCH

05 INCH

T

Suppose we were to radiograph the specimen above using; the exposure chart we

have just constructed. Would you expose for the . 10-inch thickness or for the

.05-inch thickness; or for some thickness in between? That, of course, is a

difficult question to decide with the data we now have. If we expose for one

thickness, the density of the other thickness may not be adequate . We need to

analyze the situation further.

Our selection of a density range of 2.0 to 3.0 is the first step in the

The first step then is i,o decide what film densities will be acceptable. In

our example we have decided th,J, a minimum density of 2.0 under the thickest

section of the specimen will be acceptable and that a maximum density of 3.0

under the thinnest section will be acceptable.

For Cie following example we have selected a density range of 2.0 to 3 . 0. (If you

recall, the exposure chart that we just completed was calculated to give a film

density of 2. 5. )

construction of an exposure chart . . . . . .	 .	 .	 . . . .	 . . . Page 6-26
	

SPECIM....

latitude analysis.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . Page 6 -27

1	 I	 FI LM

FILM DENSITY	 FILL DENSITY
BELOW 3.0	 ABOVE 2.0
ACCEPTABLE	 ACCEPTABLE

Turn to page 6-27.

,
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It is true that the latitude analysis starts with an exposure chart but the

selection of an acceptable density range is the first step taken in the latitude

analysis.

Here is why the radiographer needs a latitude analysis.

^,T

10 INCH
05 INCH

Suppose we were to radiograph the specimen above using the exposure ch .rt we

have just constructed. Would you expose for the . 10-inch thickness or for the

. 05-inch thickness; or for some thickness in between? That, of course, is a

difficult question to decide with the data we now have. If we expose for one

thickness, the density of the other thickness may not be adequate. We need to

analyze the situation further.

The first step then is Lo decide what film densities will be acceptable. in

our example we have decided th,J. a minimum density of 2.0 under the thickest

section of the specimen will be acceptable and that a maximum density of 3.0

under the thinnest section will be acceptable.

SPECIM....

t	 FI LM

FILM DENSITY	 FILM DENSITY
BELOW 3.0	 ABOVE 2.0
ACCEPTABLE	 ACCEPTABLE

Turn to page 6-27.

.... — A.M.-, -_. . .
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Right. We begin our latitude analysis by selecting the acceptable density range

of 2.0 to 3.0.

The next step in the latitude analysis procedure is to change the curves we

obtained in the exposure chart from a density of 2.5 to densities of 2.0 and

3. 0. This is accomplished as follows:

From the H & D curves we take the following information -

Log relative exposure, Type III film, density 3, 0 2.70

Log relative exposure, Type III film, density 2.5 = 2.63

Log relative exposure, Type III film, density 2.0 2.53

Compute the change in log relative exposures -

Change is 1.,RE (2.5 to 3.0) =- 2.70 - 2.63 .07

Change in LR E (2.5 to 2.0) r-2.63  - 2.53 = .10

Find the change ratios -

Antilog .07 = 1. 18

Antilog . 10 = 1.26

We now know that if we multiply any 2.5 exposure by 1. 18 we will have a 3.0

exposure. If we divide any 2.5 exposure by 1.26 we will have a 2, 0 exposure.

Now we want you to let us know your feelings at this moment.

I understand what we are doing and am ready to go on . . . . . . . Page 6-28

I don't understand and think you ought to give a clearer explanation . . Page 6-29

.. ,._ l- . —416-._'

J



From page 6-27
	

6-28

Fine ! Let' s get on with it.

The next step is to take several convenient exposures from the 2 . 5 exposure chart

and list them in a table.
60 Kv

STEEL
THICKNESS (2,5)EXPOSURE (3,0)EXPOSURE (2,0)EXPOSURE

,01 3,0

.04 7,9

,06 12,7

,10 27,0

Here we show a table constructed for the 60 kv curve. Similar tables would also

be constructed for the 80, 100, and 120 kv curves.

We now compute the data to fill the 3.0 exposure column by multiplying the 2.5

exposure figure by the factor 1.18 (3 . 0 x 1. 18 ^• 3.5). In this manner we compute

the values to completely fill out the 3.0 exposure column.
60 Kv

STEEL
THICKNESS (2.5) EXPOSURE (3.0) EXPOSURE (2.0) EXPOSURE

.01 3.0 3.5

.04 7.9 9.4

.06 12.7 15.0

.10 27.0 31.9

The factor 1. 18 is used to compute all of the exposures shown in the 3.0 column.

True .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 6-31

False	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 6-32

-.._..
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From page 6-27	 2

Very well. Perhaps it will help you understand wh11t we are trying to do if we take

a look at what we hope t :1 achieve.
60 KV

20

YI

10

9

R7

6

^ S

S 4

W

3

2

1

SO 	 ^Izffvz^
TECHNIQUE DATA

111111

40	 EQUIPMENT - "XXX" X-RAY
MATERIAL - STAINLESS STEEL

40 INCHESS-F DISTANCE -

Vol

40

ILM-TYPE 111, S MIN. DEVELOP
30	 DENSITY - 2,S . 30

60 Kv
\~F.QUIPNFNT - "XXX" X-RAY

MATERIAL - STAINLESS STEEL O^►̂ O
S• 1 DISTANCE - 40 INCHES
FILM-TYPE 111, S MIN. DEVELOP.

}

DENSITY - Z.5
t

\~
 ^•'^,'^y0SCREENS- NONE • . p	 ,ti.
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THICKNESS-INCHES

20

2

1 0 .01 .02 .03 ,04 .OS .06 .07 .UH .09 10 .11 12

THICKNESS-INCHES

On the left we show our 2. G density exposure chart. On the right we show the

latitude analysis chart. We are interested right now in pointing out the

differences between the 60 kv curves on each chart. The latitude analysis chart

is very similar to the exposure chart. The difference is that instead of showing

curves for several different voltages at one density we are showing curves for

two different densities at one voltage. Turn to the next page.

U^Ib

-J . -.

i
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All that we are doing is converting the single 60 kv curve to two rsurves. Instead

of a single density, we are showing two densities. Any point between the two

curves will be between the maximum allowable density of :3.0 and the minimum

allowable density of 2.0. Any point that is not between the two -urves will not be

within the acceptable density range.

To convert the single 2.5 density curve to it 3.0 curve we determine the change

in log relative exposure that is required to go from a 2.5 density to it 3.0

density. If you will recall from tin earlier chapter, this is accomplished by

use of the film characteristic (11 & D) curves. Refer back to page 4-63 if you

feel you need to review the procedure. Then return to this page.

We also convert the 2.5 density curve to a 2.0 density curve in the same manner.

This is all that we are trying to do at this point.

Turn back to page 6-28 and continue.

6- - v

J
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Right. We multiply all of the exposures in the 2.6 column by the factor 1. 18

to obtain the exposures listed in the 3.0 column.

We next compute the data to fill the 2.0 exposure column by dividing the 2.5 exposure

figure by 1.26 (3.0 =- 1.26 = 2.4). In this manner we compute the values to

completely fill out the 2.0 exposure column.

60 KY

STEEL
THICKNESS (2.5) EXPOSURE (3.0) EXPOSURE (2.0) EXPOSURE

.01 3,0 3.5 2.4

.04 7.9 9.4
w

6.3

.06 12.7 15.0 10.1

.10 27.0 31.9 21.4

In this step we divided by the factor 1.26 because we knew that the exposure

should be

increased .	 .	 .	 .	 .	 .	 .	 ,	 .	 .	 .	 .	 .	 .	 .	 ,	 ,	 .	 .	 .	 .	 Page 6-33

decreased .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 6-34
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Sorry - the statement is true. But let's see if we can explain why the factor

1. 18 is used to compute all the 3.0 exposures.

If you will recall from an earlier chapter, for any specific film the film

density of the radiograph is dependent only on ti.- , relative exposure. In

order to obtain u film density of 3.0 we must have a specific amount of radiation

at the film. This specific amount of radiation will always result in it 3.0 density.

It is also true that to obtain a 2.5 density a specific amount of radiation is required

and that amount of radiation at the film will always give a 2.5 density. Thus the

exposure required to obtain a 3.0 density and the exposure required to obtain a 2.5

density are directly related to each other, and this relationship has u constant value.

It never changes. For Type III film, 'the amount of radiation required to give it 3.0

density is always 1. 18 times the amount of radiation required to give a 2.5 density.

Turn to page 6-31.

i
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No. The exposure should be decreased. This is an important point because it is

the only way you can determine whether to divide by the factor or multiply by the

factor.

Since we started with a 2, 5 density and want a 2.0 density, we are decreasing

the density. To get less density, we need less exposure. Therefore, we divide

the exposure that gave us a 2.5 density by the factor 1.26 to get the exposure

that results in a 2.0 density.

Turn to page 6-34.



This completes the latitude analysis 3C

for the 60 kv exposureb . We car. make

the latitude analysis for the 80,	 100,
2C

and 120 kv exposures in the same

manner.	 The results are shown on W
pages 6 -35 and 6-36. i la

W
ac

9

^ e

Turn to page 6-35. 3 7
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Very good. We decreased the film density from 2.5 to 2.0 by decreasing the

exposure.

We have shown you how to construct the exposure table for 60 kv. The next step

is to plot the data from the table on semilog graph paper in the same way we

plotted the exposure charts. The 60 kv curves are shown below.

Note that there are separate curves 	 SC

for 3.0 density and 2.0 density. 	 4C

2

1

h0 Kv

fOUIPMENT - "XXX" X-RAC
MATERIAL - STAINLESS STEEL ^'^' O
S-F DISTANCE - 40 INCHES ^^•
FILM-TYPE III, S MIN. DEVELOP, Z•^
DENSITY • 7 S y^1
SCREENS -NONE O,•^'(^,'^'

•^.•f 4., .,;

^.+4 -+
' 1

if fill Hh lit ;• 11AH. ,,

: lI' s.	 ; : ? iii} }
1111LUJILUI 11111 1`1 If 11 1 TI

Ill	 MINI

• I

H IM$ .	 .	 . . . . .
t

1

.01 .077 -03 .04 .OS	 .06 .07 .08 .09 , 10 .11 .12

THICKNESS-INCHES

.	 J
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sl

V

2(

Nw

lU

9

A

7

6

S 4

w

3

2

1

NO KV	 1
111111

[QUIPMINT - "XXX- X-RAY ! j
MAT[RIAL • STAINL[SS %IIEL
S•r DISTANCE • 4 n INCN1 S ,; ,,.
FILM-TYPE 1 11, S M1N	 UI VI lOP
DENSItY	 2 .. t

SCREENS	 NONE ^^^ "1J ::a

,

41t..

t	 t	 t^ ,^. :t it: ^t

41.it 1 t 1 ^,; =t
•t,

,

1

f ft 3 Ill 1111111; 1W H11

^t

1 {

.01	 .02	 .OS .04 .OS .06 .07 .ON .09 .10 , 11	 .12

THICKNESS -INCHES

here we can compare the latitude analysis of the 80 kv exposure with the

latitude analysis of the 100 kv exposure. Note the similarity of the curves

and how they are displaced from each other.

Turn to page 6-36.

d0l*^P
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THICKNE SS - INCHE S

-I page 6-35

The 120 kv curves shown here com-

pletes the analysis phase. I(enieniber

that the curves represent t ye extrenirs

ol* allowable filill density. 'Therefore,

any point between the two curves will

be ul acceptable dviisity and the

h , ► riiontal clistance between the two
N

curves is an indication of the great i -st	 k'

change in slx-eimen section that c III

be radiographed with any given %,olt-

age and exposure.

1 ur example (sre the clotted lines on 8»
the chart) with an exlxwhure of I.:) 	 W

ma-min at 120 kv we can radiog iaph

;I s pec• inien that varies in thickness

from . 0  inches to .07 ilic • hes and

know that the film dvnsiti^-s will not

he outside the established limits.

Now you try one. Decide on your

answer ;Inc) then turn to the next

6-:iii

page to sec if you are correct.

Approximate thickness will he close

enougii.

What are the thickness limits ui' Stainless 	 can radiograph using; ;I

6.1 ma-min exposure at 120 kv assuming ail other ux l,usure factors ;ire as

specified on the chart?
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The correct answer is . 06 inches to . 10 incnes. If you did not get the correct answer

turn hack to page 6 -36 and study the example again.

Now let's take a look at a more practical problem. Suppose that we expect to radio-

graph a part whose thickness dimensions vary between a maximum of . 1 inch and a

minimum of .065 inches. The maximum allowable density is 3. 0 and the minimum

110 Kv
EQUIPMENT - "XXX" X-RAY

t MATERIAL - STAINLESS STEEL
t S-F nl'SrANCE - 40 INCHES

EIL lo -TYPE III, S MIN. DEVELOP.
UENSITY - 2.5
SCREENS - NONE

.
'

z

«^•'	 '^^

Q̂ V^ O
.

., + .. «+.

• ?
.." .^

♦ ♦ N^1 Nom,

^7O

t,

f^
fil
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}i

*4

Ill MUM R,t R I rr, j

MINN
:	

f

...
•

l^:' IT

lilt

•i
U 4 M

• 2

't

3	 .01	 .02	 .03 .04 .05 .06 .07 .08 .09 .10 .11 .14

allowable density is 2. 0. Can we
so

get once radio, 	 that will satisfy
40

all of the requirements?

30

Let's look first at the 80 kv curves.

On the horizontal axis we locate the 	 20

m:Lximum thickness (. 10 inch) then

wove vertically up the chart to the

point of intersection with the 2. 0
to

density curve. The horizontal line^ 9
^' Afrom that point establishes the ex- 7J

posure. Of interest to us at this 	 2 6
W

time is the point of intersection of	 C9 s

the exposure line and the 3. 0 density 	 g 4

curve. A vertical line from this
3

point to the horizontal axis estab-

lishes the minin.um specimen
2

thickness that can be radiographed

and still maintain a 3. 0, or less,

density.

1

In your opinion can we radiograph 	
THICKNESS-INCHES

our .065 to . 10-i^,ch specimen with

80 kv and get a radiograph that is within acceptable density limits of 3.0 and 2. 0?

Yes. . . . . . . .... . .... . ... .. .. .... .... ...... . . .. .... .. . Page 6-38

No .................................................	 Page 6-33
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Sorry - you cannot radiograph that particular specimen with 80 kv and have the film

density of the radiograph within the acceptable limits.

-	 2

1

80 K•
EQUIPMENT - "XXX" X-RAY t J
MATERIAL - STAINLESS STEEL i t :	 i
S-F DISTANCE - 40 INCHES

♦

FILM-TYPE 111, S MIN, DEVELOP.; 2
DENSITY - 2.5

44
SCREENS - NONE

4114

rt.

r

1. 1♦ 	 1	 .1 1 	 11•.	 ..^^ ♦ .^

u^, ,♦ 	 I N ; , ,a .,.a ,1im ^• t C•^ 't

f

M11
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1;
1
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X44 I

-11H AU A itl 11111i

't
I

too itJ

.01 .02 .03 .04 .OS .06 . ' %08 .09 .10 .11 .12

1,et's look at that 80 kv chart again,	 sC

4C

Note where the two vertical daehed

lines intersect the horizontal scale.	 X

These two points establish the

maximum ano minimum thickness 	
2C

that can	 radiographed with the

exposure identified by the horizontal 	 W

dashed line. The nixximum thickness 	 1a

is . 10 inch but the minimum thickness 	 ^ 9
^ e

is .073 inches. Our problem required 	 7
J 6

a minimum thickness of . 065 inches.	 i
W
^ S

x 4
Turn to page 6-39.	 W

3

THICKN ,: SS - INCH

THICKNESS
LIMITS

.. -.61	 ..r
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Right - we cannot radiograph this specimen with 80 kv and get a radiograph

with acceptable density limits.

Now let ' s apply the 120 kv chart to	 so

the Same problem.	 40

Our specimen measured . 065 to . 10	 "0

inches in thickness. Will a radio-
20

graph made at 120 kv be within the

acceptable density ► imits?

Yes . . . . . . . .	 Page 6-40	 in
No	 Page 6- 41	 1 10

Id 9

^ e
JJ

6

^ s
S
W
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2

1
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Excellent. We have discovered that a specimen we cannot successfully radiograph

at 80 kv can be radiographed at 120 kv.

Note that the thickness range at 80 kv was from .072 to . 10 inches. The thickness

range at 120 kv was from .062 to . 10 inches. Once again we have demonstrated that

increasing the kilovoltage increases the latitude of the radiograph.

We have shown you only a sampling of the complete step wedge analysis and

latitude analysis. A similar analysis should be made for all available films

wader different exposure conditions.

It is apparent from the latitude analysis that it is not always possible to

satisfactorily radiograph a specimen of widely varying thicknesses with one

exposure. One way to overcome this problem is to make two or more shots of

the same specimen.

When making more than one exposure because of varying thicknesses of the specimen

it is important that the exposure remain exactly the sam-. for each shot.

True .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 6-42

False.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 6-43

J
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The specimen can be radiographed at 120 kv within acceptable film density

limits. Let's see how we can arrive at this answer,

We enter the chart at . 10 inches on

the horizontal scale. From this point

we draw a line vertically to the

intersection of the 2. 0 density curve .

We then draw a line horizontally to

the vertical axis. 'This establishes

the proper exposure. From the point

of intersection of the horizontal

exposure line and the 3.0 density

curve, we drop a line vertically to

the horizontal axis. This vertical

line meets the wxis at .062 inches

and establishes the minimum thickness.

Since the minimum thickness stated in

our problem (. 065 inches) is greater

thin the minimum thickness established

by the chart (. 062), we know that we

can radiograph this specimen with

120 kv and still *A)e within acceptable

density 1_mits.

Turn to page 6-40.
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The statement is false. Let's take a look at a sample specimen to see why the

statement is false.

A

T
1

We have determined that it is impossible to radiograph this specimen with one

exposure and obtain a radiograph that is within acceptable film density limits,

so we decide to make two separate radiographs.

For the first radiograph we will select an exposure that will be satisfactory for

thickness A. For the second radiograph we will select an exposure that will be

satisfactory for thickness B. Because of the difference in thicknesses, the

two exposures must be different.

Turn to page 6-43.



From page 6-40
	

6-43

Right I Since the thicknesses are different they require different exposures.
w
46

There is a way to produce satisfactory radiographs of this specimen with only

one exposure.

"Two-Film" technique. The two-fl-lm technique is the process of loading two, or more,

films hA the same cassette. The presence of one film has very little radiographic

effect on the others and all the films in the cassette will be exposed at the same

time.

Satisfactory radiographs of varied thickness specimens can be obtained by loading

the cassette with two films of different speeds. The faster film provides an

acceptable image of the thicker, areas while the slower film provides an

acceptable image of the thinner areas. The choice of films to use is determined

by means of data presented in the step wedge analysis and the latitude analysis.

A	 When viewing radiographs made by the two-film method you can expect -

all areas of the specimen to be adequately shown

on either radiograph . . . . . . . . . . . . . . . . . . Page 6-44

thicker areas of the specimen to be adequately shown on one radiograph and thinner

areas of the specimen to be adequately shown

on the other radiograph . . . . . . . . . . . . . . . . . Page 6-45

J
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You will be disappointed if you expect that either radiograph will show images

of all areas of the specimen within acceptable limits. Let's see why.

In selecting the film to use in our two-film process, wt selected a fast

film to pi ovide an acceptable image of the thicker section of the specimen with

u particular exposure. By "acceptable image" we mean one that does not exceed

our acceptable density range. The image of the thinner sections of the specimen

will be overexposed beyond acceptable limits with the fast film.

We selected a slow film to provide an acceptable image of the thinner section of

the specimen with the s-4me exposure. The image of the thicker section of the

specimen will be underexposed on the slower film.

Then too, remember that if we could get acceptable images of all thicknesses of

the specimen on one radiograph there would be no need for using the two-film

method.

The two-film method results in two radiographs. One will show the I.hicker

areaa of the specimen within acceptable density ranges and the other will show

the thinner sections within acceptable density limits.

Turn to page 6-45.

1
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Right. The thicker sections of the specimen are viewed on one radiograph and the

thinner sections are viewed on the other radiograph.

We have covered a lot of basic groundwork on the theory of radiography. We

have covered very thoroughly the nature of radiation and how it is used in

making a radiograph, but we still havn't answered the question "How do we determine

that we have a good radiograph?" How do we know that the radiograph will show

any discontinuities if th©y are present?

Penetrameters. The anerwer is a very practical one. We add to the specimen a

known discontinuity. Then if this discontinuity appears in the radiograph we

know that any discontinuity that is at least as large as the added discontinuity

will also appear on the radiograph. The added discontinuity is called a

penetrameter (often referred to as a "penny").

There are several different kinds of penetrameters that are used in special

cases but the theory is the same for all and you will be able to recognize their

usefulness if we describe the standard penetrameter.

I. D. N0,

7-7	 T
4T	 IT	 2T
DIA	 DIA	 UTA

The standard penetrameter is a rectangle of metal of a specified thickness with

three holes of set diameter drilled through it. It is identified (I. D. No.) by

raised lead numbers which indicate the minimum thickness of material in inches for

which the penetrameter is normally used.

The penetrameter shown above is normally used on material

with an inside diameter of six inches . . . . . . . . . . . . 	 Page 6-46

with a thickness of six inches 	 . . . . . . . . . . . .	 Page 6-47	 i

J
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I. D. means "identification" not "inside diameter" in this case.

The identification, or I. D. number tells us the minimum thickness of the

material on which the penetrameter is normally used, 'Thus a penetrameter with

an I. D. No. of 1.0 will be used with 1-inch thick material; I. D. No. 2.6 is used

with 2.5-inch thick material; etc.

The peaetrameter we showed had an I. D. No. of 6.0; therefore it is normally used

on material with a thickness of six inches.

Turn to page 6-47 and continue,

If.
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Right. The 6.0 penetrameter is used with 6 - inch thick material.

The penetrameter I. A. number for materials over 1 inch in thickness is simply

the thickness of the materia^ in inches as we have just shown you. However,

below 1 inch another method of identification is used, T&' , +s method is shown

in the table below:

I. D. number	 Material thickness

28	 0.250 inches (1/4")

37	 0.375 inches (3/8")

50	 0.500 inches (1/2")

62	 0.625 inches (5/81f)

75	 0.750 inches (3/411)

87	 0.875 inches (7/8")

The thickness of the penetrameter is also significant.

I.A. N0.	

91 0
4T	 IT	 2T

DIA	 DIA	 DIA

The thickness (T) of the standard penetrameter is 2% of the thickness for which the

penetrameter is used. (In this case 2% of 6 inches to 0. 12 inches; the penetrameter

in our example should be 0.12 inches thick.)

The thickness of the standard 1.0 penetrameter is

0.02 inches . . . . . . . . .	 .	 . . . . . .	 . . .	 . .	 .	 . . . Page 6-48

0.12 inches .	 .	 ... .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 . Page 6-49

1
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Good thinking. . 02 x 1.0 0.02 inches.

I. D. N0...

Q`

O

47	 1T	 2T

DIA	 DIA	 UTA

The size of the three holes drilled through the penetrometer tire based on the

thickness of the penc;trameter. The diameter of each hole icy a multiple cif the

penetrameter thickness as shown on the drinving above.

The "2T" hole has it diameter that is

2 tenths of tin inch . 	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

twice the thickness of the penetrometer . . . . . . . . . . . .

Page 6-50

Page 0-51

J
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You are confusing the thickness of the standard 1.0 penetrameter with the thickness

of our example which was a 6.0 peneti-wneter,

We can compute the thickness of the standard 1.0 penetrameter as follows;

2% of 1.0 ^- 0.02 inches;

or .02 x 1.0 -- 0.02 inches

Turn to page 6-48.

I—	 ...
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Two-tenths of an inch is a good guess but it is not the correct answer.

Ln the standard penetrameter the thickness of the penetrameter determines the

diameter of the he les .

I.D. N0.
	

0
4T	 IT	 2T
DIA	 DIA	 DIA

The 11 1T" hole has a diameter that is equal to the thickness of the penetrameter; the

11 2T" hole has a diameter that is equal to twice the thickness of the penetrameter; and

the 114T" hole has a diameter that is equal to 4 times the thickness of the penetrameter.

Turn to page 6-51.
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Right. The 11 2T" hole has a diameter that is twice the thickness of the penetrameter.

But, as usual, there are exceptions to the rule. In the following table we hale listed

the hole sizes for penetramet^3rs 50 and thinner. Note that the hole sizes for these

penetrameters do not follow the rule.

I.D. NO. I 1T HOLE DIA 2T HOLE DIA 4T HOLE DIA

50 .010 .010 ,020 .040

37 .0" ., .010 .020 .040

25 .005 .010 .020 .040

This is a practical approach. In the present state of the art (except for special

applications) a .010-inch hole is an acceptable limit.

In a 25 penetrameter the 1T hole has a diameter of 	 inches and the thickness is

.005 inches.

. 005	 Page 6-52

. 010	 ..	 Page 6-53

w
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You are contused. Let's see if we can straighten this out for you.

I.D. NO. T IT HOLE DIA 2T HOLE DIA 4T HOLE DIA

50 .010 .010 .020 .040

37 .008 .010 .020 .040

25 .005 .010 .020 .040

In the penetra p eters for material thinner than 1/2 inch the hole sizes no longer

follow the rules. All penetrameters thinner than the 50 penetrameter have holes of

the same size. However, the thickness of the penetrameter still follows the rule.

Therefore the 25 penetrameter has a thickness that is 2% of 1/4 inch or . 005 inches

(. 02 x .25	 . 005) while the 1T hole is actually . 010 inches in diameter. See chart

above.

Turn to page 6-53.
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t. Right. The thickne6a of the 25 penetrameter is 2% of 1/4 inch or .005 inches, and

the diameter of the 1T hole is . 010 inches.

There is one other important fact that you must know about penetrameters. You may

have already guessed - the penetrameter should be made from the same material as

the specimen being radiographed. U you are radiographing steel, steel penetrameters

must be used If you are radiographing aluminum, alu..m:num penetrameters must be

used.

Radiography of most of the common materials does not present a problem in selecting

a penetrameter but there will be occasions where some special alloy is to be radio-

graphed and penetrameters made from this alloy are not available. In such a case, a

penetrameter of radiographically similar material may be used.

It is beyond the scope of this book to discuss all the factors of radiographic similarity.

Let's just say that radiographic similarity will be established by specifications or

directives. In short - if you are faced with this problem, get help from the experts.

In radiographing articles made from special alloys a penetrameter made from stan-

dard materials may be used if it is 	 similar to the alloy.

radiographically . . . . . . . . . . . . . . . . . . . . Page 6-54

chemically . .	 . . .	 . . . . . . . .	 . . .	 . . . . .	 . Pag.. 6-55

^r
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You are absolutely right. The penetrameter should be radiographically similar to the

alloy that we are radiographing.

Now that you know what a penetrameter is, let's take a look at its use.

As previously mentioned, the penetrameter is placed on the specimen to add a known

discontinuity to the specimen. In the analysis of the radiograph the image of the

penetrameter serves as a check on the contrast of the radiograph while the outline of

the holes serves as a check on the definition of the radiograph.

In determining that a radiograph has adequate contrast we examine,

the image of the penetrameter . . . . . . . . . . . . . . . Page 6-56

the outline of the penetrameter . . . . . . . . . . . . .	 . Page 6-57
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You are not reading very carefully. Nowhere did we Ray anything about chemical

similarity. A penetrameter made from standard materials may be used in the

radlograpby of special alloys only tf the standard materia l, is radiographically similar

to the alloy.

This means that the X- or gamma ray abaorption rates of the two materials must be

similar.

Turn to page 6-54 and continue.

...ii1^r.
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Good thinking. We examine the image of the penetrameter to determine that the

radiograph has adequate contrast. If the penetrameter has caused enough of a density

change so that the image is visible, the contrast of the radiograph is acceptable even

though the outline of the penetrameter is difficult to distinguish.

In determining that the radiograph has adequate definition we examine

the outline of the penetrameter . . . . . . . . . . . . . . . Page 6-58

the outline of the penetrameter holes . . . . . . . . . . . . . Page 6-59

Rey
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The outline of the penetrameter does not give an indication of adequate contrast.

There is a possibility that the outline of the penetrameter could be very indefinite yet

the change in film density caused by the penetrameter is enough to show adequate'

contrast.

Turn to page 6-56,

1
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It is true that the outline of the penetrameter will give an indication of the definition

of the radiograph. However, it is not the best means of judging the duality of

definition.

When examining the outline of the image of the penetrameter, it is difficult to measure

the amount of unsharpness. The accurately drilled holes however do present a means

of judging the amount of unsharpness. When the image of the 11 2T" hole is not visible,

we know that the unaharpness measures at least the width (or diameter) of the hole.

Z urn to page 6 - 59.

Q
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Fight, We examine the outline of the penetrameter holes to determine that the radio-

graph has adequate definition.

Sensitivity standard, The penetrometer is added to the specimen, then, to serve as a

gage by which we can be assured that the radiograph is of, or better than, a specified

quality,

Suppose, for example, that specifications require that the radiograph have a sensitivity

of 2%. This means that the thickness of the oenetra peter must be less than 2% of the

thinnest section of area of interer 1 :Ang radiographed. In the analysis of the radio-

graph the image of the penetramou i , must be clearly visible and the 2T hole must aloo

be visible, If the image of the penetrometer and the image of the hole are clearly

visible you can reasonably conclude that the radiograph reveals all voids, inclusions,

or cracks whose dimensions measured on a plane parallel to the film are as large as

th diameter of the Dole, and whose dimensions measured on a plane perpendicular to

the film are as large as the thickness of the penetrameter.

O•
TOP VIEW	 06%0.

2T DIA

IT
FRONT VIEW	 up	 THICKNESS

From the above you can also conclude that discontinuities with thickn(:sses measuring

less than the thickness of the penetrameter will not be revealed,

True.	 .	 ,	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 6-60

False .	 .	 .	 .	 .	 ,	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 6-61
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'this is not a reasonable conclusion. Discontinuities measuring less than the thick-

ness of the pen©trameter M also be revealed

Remember that the penetrameter assures us that we have a particular quality lc^vl

or bettor.

Turn to page 6 - 61.

J
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Very good. We may have; better sensitivity but never less sensitivity than the

penetrameter indicates.

Sometimes specifications require special quality levels other than 2°/,,. If so, we can

use the standard penetrameters to indicate different degrees of sensitivity. The follow-

ing; table is used to determine the proper penetrameter dimensions that are required

to attain a specified sensitivity.

SENSITWITY PENNY T AS 0/6 OF T
M

PERCEPTIBLE
HOLE DIA

0.7% 10/0 IT

1.0% 1'/. 2 T

1.4% 20/6 IT

2.0% 21/6 2T

2.8"/. 27• 4T

4.0% 4% 2T

T = THICKNESS	 T  = THICKNESS OF MATERIAL

Column 1 specifies the `Io of sensitivity to be achieved.

Column 2 specifies the thickness of the penetrameter as a percentage of the

thickness of the specimen material.

Column 3 specifies the penetrameter hole that must be visible in the radiograph.

To attain a 2% sensitivity, the chart indicates that we use a penetrameter whose

thickness is 2% of the thickness of the material being radiographed and the

hole must be visible in the radiograph.

IT .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 6-62

2T .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 6-63

9
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You have misread the chart. Let's look at the chart again.

SENSITIVITY PENNY T AS % 	 T
M

PERCEPTIBLE
HOLE DIA

0.7% 1'i• IT

1.0% 1% 2T

1.4%

2.0%

•.

2%

T

2T

2.87• 2% 4T

4.0% 4% 2T

i = IM116KNLbb	 I'm = THIGKNE55 OF MATERIAL

We wanted to determine which hole in the penetrameter would have to be visible to

assure us that we had obtained a 2°I, sensitivity in the radiograph.

We deter-mine this from the chart by following across the 2% sensitivity line (sho,..

circled on the chart above).

To attain a 2% sensitivity, then, we u^e a penetrameter whose thickness is 2% of the

thickness of the material being radiographed and the 2T hole of that penetrameter

must be visible in the radiograph.

Turn to page 6-63.

I
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Right. The 2T hole must be visible in the radiograph before we are assured of a 2%

sensitivity.

SENSITIVITY PENNY T AS 7. OF T. PERCEPTIBLE
HOLE DIA

0.7% 1% IT

1.0% 1% 2T

1.4% 2% IT

2.0% 2% 2T

2.8% 2% 4T

4.0% 4% 2T

	

T s THICKNE55	 Tm 0 THIGKNE55 of MATERIAL

Now let's assume that we are going to radiograph a specimen made of 3-inch steel and

we only need a sensitivity of 4%. If you will check the chart, you will find that to

assure that we have attained a 4% sensitivity we must use a penetrameter whose thick-

ness is 4% of the thickness of the material and the 2T hole must be visible.

The first step is to determine the thickness of the penny that we will use.

We will need a nenetrameter that is

.12 inches thick. . . . .	 . page 6-64

.04 inches thick. 	 0 .0	 . page 6-65
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Correct. 4% of 3 inches is .12 inches.

Now the picture gets a little confusing so you must be careful. The standard pene-

trameter for 3-inch material (3. 0 penny) will only be .06 inches thick (2% of 3 inches)

and we need a penny that is .12 inches thick. Therefore we will need a penn y that is

twice as thick as the standard 3. 0 penny.

Therefore, to assure that we have attained a 4% sensitivity when radiographing 3 inches

of steel we would use a 	 penny.

3.0 penny .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 6 . 66

6.0 penny .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 6-67

i
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Wrong choice. Let's see if we can clear it up for you.

nrur *n uAr ten

The problem is to determine the thickness of the penny required to assure a 4(7(, se-isi-

tivity. From the sensitivity table we have determined that the thickness of the pene-

trameter should be 4% of the thickness of the specimen. Our specimen is 3 inches

thick,

The rest is arithmetic-,

4`Io of 3 inches is .12 incites

or, .04x3=.12

Turn to page 6-64.

1004 .
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It is very easy to slip up on this operation and you have slipped.

Let's took at it in a way that may be easier to understand.

Use of the standard 3.0 penny for 3-inch material will result in assurance of a 2

sensitivity. Since we want to be assured of 4% sensitivity we will use a penny that is

twice as thick as the standard. We will use a 6.0 penny.

Turn to page 6-67.
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Right. To assure that a 4% sensitivity has been attained when radiographing 3 inches
.-

	

	
of steel we would use a penetrameter that is twice as thick as the standard (2%) penny -

in this case a 6.0 penny.

r_-rSENSITIVITY PENNY T AS % 	 Tm ERCEPTIBLEP
HOLE DIA

0.7% 1% IT

1.0% 1% 2T

1.4% 2% 1T

2.0% 2% 2T

2.87. 2% 4T

4.0% 4% 2T

T = THICKNE55	 T  n THICKNESS OF MATERIAL,

We want to radiograph a 1-inch steel specimen and obtain a 1°,! sensitivity. What

size penny should we use?

1 . 0 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 6-68

50	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 6-69

1	 J
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Slow down a bit. The 1. 0 penetrameter will give a V, sensitivity for the 1-inch spect-

specimen.

You must not forget that the I. D. number of the standard penetrameter identifies it in

relationship to the thickness of material and 2% sensitivity.

A 1 1 penetrametee assures 2% sensitivity for 1-inch material

A 2.0 penetrameter assures 2% sensitivity for 2-inch material

A 3.0 penetrameter assures 2% sensitivity for 3-inch material

etc.

In our problem we specified a sensitivity of 1% for the 1-inch material. This indicates

that we are reducing the allowable sensitivity by half. Therefore we should reduce the

thickness of the standard penetrameter by half. For 1-inch material, then, we would

use t-',,e 50 penetrameter to attain a sensitivity of 1%.

Turn to page C-69.
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Excellent. You seem to have the idea well in hand.

Naturally we ar e. not always able to exactly match the penetrameter to the specimen

thickness. Few specimens measure exactly 1-inch, 2-inches, 1/4 inch, or what

have you.

For specimen thicknesses that are between penny sizes, we must

use the next larger penny size	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 Page 6-70

use the next smaller penny size	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 Page 6-71

r
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This is not the course to take and here is why.

For any one specimen thickness, increasing the penny size decreases the proven

sensitivity. The sensitivity may be in the radiograph, but it could not be proved if

the next larger size penny were used.

It is best to take the next smaller penny, This would prove a sensitivity a little

better than that required.

Turn to page 6-71.

w ^^
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Good thinking. We use the next smallest penny size so as to maintain our proof of

sensitivity below 2%.

Let's suppose that you are going to radiograph an aluminum forging. This forging is

2 1/8 inches thick. You have aluminum penetrameters for ?-inch material and for

2 1/4-inch material.

To assure that x,-.)u have a 2% sensitivity in the radiograph you would use the

penetrameter.

2 1/4-inch .	 . . . . .	 . . . . . . . . . .	 . . .	 . . . Page 6 -72

2-inch	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . Page 6-73

•
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We've managed to confuse you.

A penetrameter designed .o show a 2% sensitivity on 2 1/4-inch material wi<< be thick

enough and its holes large enough to Rhow a good indication on the final radiograph.

This would lead you to think you had achieved the 2 11 sensitivity when you may not have

rGZlly achieved it.

Think of it this way - the thinner the penetrameter the better the sensitivity. This is

the fact that leads to the rule:

USE THE NEXT SMALLEST PENNY SI?.E IF YOU AO NOT HAVE ONE OF

THE CORRECT SIZE.

Turn to page 6-73.

• ASOMMMUP
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Right. The 112-inch" penetrameter is the next smallest and therefore is the one you

should use in this situation.

Placement of penetrameters. As we stated earlier, the penetrameter is a discon-

tinuity of known size and shape that is added to the specimen to serve as a sensitivity

gage. However, the shape of the penetrameter and its holes is more regular than

the defects commonly encountered and its edges are sharper making it more easily

detected. To compensate for this advantage, the penetrameter Is placed in the most

disadvantageous posit) on; i.e., on top of the specimen.

SOURCE

i

SPECIMEN
	 I)ENETRAMETER

/FILM
^	 ^ f

If the details of the penetrameter image can he seen in spite of its unfavorable location,

the radiographer car, be sure that his radiograph is satisfactory.

Under nerma? conditions the penetrameter is placed

between the specimen and the source . . . . . . . . . . . . . Page 6-74

between the specimen and the film . . . . . . . . . . . . . . Page 6-75

• 10WROW
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Right. "On top of the specimen" means that the penetrameter is placed on the source

side of the specimen.

The penetrameter must not be placed over the area of interest of the specimen since

it may hide discontinuities that lie under it, In some cases the entire specin en and

not just a portion of it is the point of interest. The penetrameter in these cases can-

not be placed on the specimen.

If it is impractical to place the penetrameter on the specimen it may be placed on a

separate block of the same material provided the block is the same thickness as the

specimen.

Here we show a piece of aluminum bar stock which we want to r-:,,diograph prior to

some machining operations. We want to be assured that the entire bar is free of

any discontinuities that would exceed 2%v of its thickn r is. The penetrameter is to

be placeC on a separ. +e block of material. The total thickness of block and pene-

trameter is

3. 02 inches.	 Page 6-76

3. 06 inches . .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . Page 6-77
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Sorry, we haven 't clarified what we mean by "on top of the specimen".

SOURCE

When the penetrameter is "on top" of the specimen it is placed on the source side of

the specimen, Thus it is between the specimen and the source, We make this dis-

tinction because the set-up is not always in the vertical direction.

CDCriuEN

SOURCE
^ r

r r

PEN ET RAM ET ER
BETWEEN SPECIMEN
AND SOURCE

Turn to page 6-74.

FI LM
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Hold it. Let's look at a picture.

Since the aluminum block has to be the same thickness as the bar, it must be 3 inches

thick. The penetrameter must be 2% of 3 inches or .06 inches thick. Therefore the

total thickness of block and penny is 3.06 inches.

Turn to page 6-77.

0
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Right. The total thickness of the block and penny is 3.06 inches.

The separate block technique is not always the best way. Some attention must be given

to the geometry of the part. For example let's look at a fitting shaped like this:

1
1/4

1/2" BLOCK
1/4"

A half-inch block will not have the same effect on the image of the penetrameter as the

two 1/4-inch thicknesses of the fork since the specimen-to-film distance is changed.

A variation in the block technique can be used in this situation. In this variation the

penetrameter is placed on another identical part to determine tha' proper sensitivity

has been achieved.

If another identical part is not available a "two shot" method may be used. In the

"two shot" method the penetrameter is placed on the part and a radiograph made to

determine the sensitivity. Then the penetrameter is removed from the part and a

second radiograph is mule without changing any of the exposure factors.

Either the "identical ii:irt" .nethod or the "two shot" method is used when

it, is impractical to put the penetrameter on the specimen

the specimen geometry is complex 	 . . . . . . . . . . . . .

Page 6-78

Page 6-79



From page 6-77
	

6-78

Right! The "identical part" or "two shot" methods are only used when it is impractical

to place the penetrameter on the part.

Placing a penetrameter so that it indicates what it is supposed to indicate calls for

some ingenious thinking on the part of the radiographer. It is always important that

the amount of material under the penetrameter is equal in thickness to the thickness

of the material being radiographed,

PENNY

WELD
SHIM

Here we show a cross section of a weld. We are going to radiograph this weld and it

is impractical to place the penetrameter on toi) of the weld, We can place the pene-

trameter on a shim whose thickness is equal to the difference in thickness between the

material and the weld.

The shim is uued to

position the penetrameter so that the source-to-specimen distance of

the penetrameter is the same as that of the weld . . . . , . 	 Pagc 6-80

obtain a thickness of material under the penetrameter equal to the

thickness of the weld . . . . . . . . . . . . . . . . 	 Page 6-81

• SA!	 '
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Sorry - complex geometry is not the reason for using the "identical part" or "two

41
	 shot" methods. The part may be very co^, . iplex anu still the penetrameters are

placed on the part, We could have put a penetrameter on that forked fitting if it didn't

interfere with the area we were examining. The penetrameter should always be put

on the part if it does not interfere with the area of interest.

If we are interested in seeing if any discontinuities exist in all areas of u complex

specimen, then it is impractical to put the penetrometer on the specimen sin ge it may

hide discontinuities Under this situation we can use the "identical part" or "two

shot" method,

Turn to page 6-78,

.—
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hat is not why the penetrameter its placed on a shim. If you look at the drawing

closely you will realize that the penetrameter is actually above the weld.

PENNY
WELD

SHIM

The penetranicter is placed on the shim so that the material benetath the penetrameter

is exactly equal to the thickness of the weld. The weld projects above and below the

material being welded so the thickness of the shim is 6termined by subtracting the

thickness of the material from the thickness of the weld.

Turn to page 6-81.

J
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Exactly - the shim is added to provide a thickness of material under the penetrameter

equal to the thickness of the weld.

When a specimen has a wide variation in thicknesses the radiographer needs to know

that the image of each thickness has the proper sensitivity. This can be accomplished

by placing a penetrameter on each thickness, however, usually a penetrameter placed

on the thickest section and another penetrameter placed on the thinnest section will

demonstrate whether or not the technique has produced the necessary latitude to pro-

vide adequate sensitivity in all sections of the specimen,

The "separate block" method cannot be used to gage the sensitivity of a radiograph of

a multi-thickness specimen.

True .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . Page 6-82

False .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . Page 6-83
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Perhaps you felt that the statement was true because one block would not cover all

thicknesses of the specimen. This is true, however, there is nothing to prevent us

from using more than one block in the "separate block" method. We can use one

block that is equal in thickness to the thickest see tion of the specimen and another

block that is equal in thickness to the thinnest section of the specimen. Keep in mind

that the blocks should be made of the same material as the specimen.

The "identical part" or "two shot" method could also be used. The penetrameter

should be placed on the specimen if possible. If it is not possible, then one of the

other methods may be used.

Turn to page 6-83.
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FILM

From page 6 . 41	 6-83

Excellent thinking. The "separate block" method can be used - one block for the

thick,est section; another block for the thinnest section.

There are unique cases where the penetrameter cannot be placed on the source-side

of the specimen (pipes, tubing, or ducting whose inside is inaccessible for example).

When this situation occurs a "film side equivalent" technique is used.

Pi	 SOURCE SIDE

A specimen of similar size and material is obtained and the proper size penetrameter

(P1) is placed on the )urce side. Three penetrameters (P2, P.9, and P4) of varying

sizes are placed on the film side. A radiograph is then taken which must show the

correct quality as evidenced by the image of P1. From this radiograt: , ': we can select

the penetrameter image (P2, P3, or P4) that will serve as the "film side equivalent"

sensitivity of P1,

The final objective of the above procedure is to

choose three penetrameters which will be the equivalent of the source

side penetrameter .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . Page 6 84

select the correct size penetrameter to glace on the film side of the

specimen .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Page 6-85
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Somehow you don't have the picture.

The idea behind the "source- side equivalent" procedure is to find the right sire

penetrameter that can be placed on the film side of the specimen and still give: us

the same sensitivity reading as the correct "source-side" penetramc► ter.

Return to page 6 ^ 83 and reread that page keeping; the above idea in mind.



P1, 2'1,	 P2, 2"%

F;=

P3, 1'Y. P4, 112'1.

From page 6-63
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Itight. We are trying to select one pene^rameter we can place on the film side of the

specimen that will show the equivalent sensitivity of the penetrameter placed on the

source side.

Now leg s look at an example. Here we show the set-up again with values assigned to

the penetrameters and thf resulting images of the penetrameters.
SPECIMEN ^,_ 	 FILM .	 RADIOGRAPHIC IMAGES.

2T AND 4T HOLES SHOWN ALL HOLES SHOWN 	 2T AND 4T HOLES SHOWN NO HOLES SHOWN

P1 is the standard 2%v penetrameter required to show 2% sensitivity. If this penetram-

eter does not show 2% sensitivity the exposure must be changed. P2 is identical to P1

(a penetrameter thicker than P1 is never required). P3 is half the thickness of P2. P4

is half the thickness of P3. The penetrameters are selected in this manner so that the

hole sizes are in direct ratio of 2;1.

In scipcting the "film side equivalent" penetrameter we look for the smallest hole

shown in the thiii.: e.,A penny. Lit this case we would select the 50 penny as our film-side

penetrameter and look for the 2T hole on the radiograph as evidence of 2% ensitivity.

Let's presume for a moment that our film-side penetrameter images looked like this:

Which penetrameter would we select as our film side penny, and which hole would we

look for?

1.0, 1T	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 Page 6-86

50 9 4T	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 Page 6-87

---- —	 -
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Right. The 1T hole on tK, 1.0 penetrameter is the smallest hold. Since no other

penetrameter shows a smaller hold we would use the 1.0 penetramcter ,Is the film-

side penetrameter and look for the 1T hold.

This covers the basic procedures to be followed in the proper placement of

penetrameters.

Now turn to page 6-88 for the review of this chapter,
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A reasonable choice but not the correct answer. In selecting the "filin side equivalent"

penetrameter we first look for the smallest visible Mle. The penetrameter showing they

smallest hole is the one selected. When the smalles9 visible hole appears in two pene-

tr nel 3rs we select she thinnest penetrameter of the two as our "film side" equivalent.

In the present case the 1.0 penetrameter shows the smallest hole. Therefore, it is

selected in spite of the fact that the 50 penetrameter is thinner.

Turn to page 6-86.
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From page 6-87	 o o ^" ,^^

%0

1. Exp(-,are charts are used by the radiographer

to determine the proper 	 that	 a°
X
W

is reLi Ared to radiograph a certain thickness

of material at a specified voltage.

TMfCKNESS

9. characteristic curves

10. The final step in the step wedge analysis procedure is to plot the data on

graph paper to form an	 _ 	 chart.

18. 6

1	 -•1

19. The thickness of this standard penetrameter 	 ` O O U0
is	 inches.

0

0
27. 4.0

28. What is the I. D. No. of the standard

penetrameter required to measure a 0.7%

sensitivity when radiographing 2 inches of

steel?

SENSITIVITY PENNY T AS%OF T M
PERCEPTIBLE

HOLE DIA

0.7.4 1% IT

1.0% 17 2T

1.47 2% IT

2.07 27

2%

2T

4Tt.8%

4.0;:	 47 2T
I -	 I M = IMILANtJr) OF MAMMAL

0

L	 '
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1.	 exposure

2.	 The exposure chart can be prepared by means of a syste-iiatic analysis technique

utilizing radiographs of an object of several distinct, known thicknesses called a

10.	 exposure

1.1.	 The first step in the latitude analysis is to select the maximum and

minimum acceptacle film

19.	 .02x3=.06

20.	 The diameter of the largest w n O O
hole in this standard penetrameter

is

28.	 1.0

29.	 When radiographing a specimen whose thickness does not match any of the

available penny sizes we use the next (smaller, larger)

penny size.

6_89
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2. step wedge

3. In the stem wedge analysis procedure several radlogTaphs of a step wedge

are made using different and voltages.

11. density

12. The data from the step wedge analysis exposure chart is converted to the

and densities selected.

20. .24 inches
(4 x . 06)

21. The diameter of the smallest o	 °	 C

hole in this standard penetrameter

is

29. smaller
^	 SOURCE
i
i

30. Under normal conditions the
i

r

SPECIMEN

penetrameter is placed on the
'

of the
FILM

specimen.
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3.	 exposures

4.	 In the step wedge analysis an ae-urate acecunt must he kept of the

factors such as voltage, exposure, film type, source-to-film distance,

and use of screens.

12. maximum, minimum

13.	 On the latitude analysis chart the horizontal distance between the two

curves represents the greatest change in specimen 	 that can

be radiographed with one voltage and exposure.

21.	 .02 inches

22.	 The thickness of this standard	 o	 o

penetrameter is

30.	 source side

31.	 In the "separate block" technique, the penetrameter is placed on a separate

block whose thickness is equal to the _	 of the specimen.
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4.	 exposure

5.	 Each radiograph of the step wedge is examined with a densitometer and the

of each step of each radiograph is recorded in a table.

13.	 thickness

14.	 The latitude analysis demonstrates that in , ;reasing the voltage

(increases, decreas , $) the latitude of the radiograph.

22.	 .01 inches

(.02 x .5)

23.	 The smallest hole in the thinnest penet , rameter is

ir. ches in diameter.

31.	 thickness O

32.	 In radiographing this specimen it J

is impractical to place the penetrameter on

the specimen. What technique would you use 	 C>

to assure the proper sensitivity?

or _,	 _^
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5.	 (tensity THIC KN ESS	 120 Kv 130 Kv 14 0 Kv	 160 Kv
INCHES	 3 MA-MIN 3 MA-MIN 4 5 MA-MIN 6 MA-MIN

01	 i,47 2 84 4.35	 -

6 .	 From this step Wedge (tens i ty table - 02	 1.80 2 12 3 50	 4 6

03	 1.32 1.66 2.78	 4. 3

the (tensity of the film image of .03 inches
04	 . 9 6 1.32 2 27	 3.94

of stainless steel radiographed at 130 kv .45	 75 1.Oe 1 96	 3:43

for 3 ina-min is
06	 .61 .84 1,b1	 3,05

_
.07__	 S U .69 1.33	 2,65

14.	 increases

y^

15.	 The _^ ^.	 - _^.	 .^_ technique is the process of loading two films

in the same cassette.

23.	 .010

24. When radiographing steel a penetrameter made of

should be used.

32.	 identical part, or
two shot

33.	 In radiographing welds, shims are added under the penetrameter so that

the amount of material under the penny is equal to the thickness of the



will be the equivalent of the proper — penetrameter.

ti -94

7. An exposure chart specifies the film density for w^ ich the chart is

constructed. In the step wedge; analyk;is we select a standard

to which we will construct an exposure char!.

16. When the cassette is loaded with a fast film and a slow film, the

film can be expected to show adequately the

thicker sections of the specimen,

The image of the penetrameter in the radiograph serves as a check on

_ (sensitivity, contrast, definition) of the radiograph.

I
' 34. In the "film side equivalent" technique the object is to determine the

1correct size penetrameter to 	 on the film i	 f^	 p	 pace	 side o the specimen that

0
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7.	 density

S.	 The ste,) wedge density table shows the resulting film density of each thickness

of the step wedge for several different exposures.	 We convert this data to show a

constant	 and the resulting exposure for each thickness of the

step wedge.

16.	 fast

17.	 The sensitivity of a radiograph can be determined by adding a discontinuity

of known size and shape to the specimen when making the radiograph. 	 This known

discontinuity is called a

25.	 contrast

26.	 The outline of the holes in the penetrameter serves as a check

on the	 of the radiograph.

34.	 source side

f'1	 t	 side3	 In selecting h	 "film	 c,5.	 se	 c	 eg

aIi	 t	 t	 t	 t	 t?.,	 v	 n	 ne rame eru	 ale	 e	 o	 sq	 p

Plook f	 t	 smallest	 ,we	 o	 or h	 all	 t ho1e

shown in the image of the

penny.

---	 - - -	 -
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8. density

9. In converting the step wedge density data into exposure chart form, we make

use of the f ilm

Return to page 6-88,
frame 10.

17. penetrameter

18. This pem',Arameter is to be	 o0a0
used on material that is

inches thick.

Return to page 6-88,
frame 19.

26. definition

27. What is the I. D. No. of the standard

penetrameter required to measure a 4%

sensitivity when radiographing 2 inches

of steel ?

SENSITIVITY PENNY T AS % 	 TM
PERCEPTIBLE

HOLE DIA

0.7% 1% IT

1.0'/• 1% 2T

1.4% 2% IT

2.0% 2% 2T

2.8% 2% 4T

4.0% 4% 2T

IM ° I ►IIbRIYtJJ Ur MAILMAL

Return to page 6-88,
frame 28.

35. thinnest

You have completed the review of Chapter 6. Now turn to the next page.

0
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You have just completed the fourth volume of the programmed instruction course on

Radiography.

Now you mai want to evaluate your knowledge of the material presented in this hand-

book. A set of self-test questions are included at the back of the book. The answers

can be found at the end of the test.

We want to emphasize that the test is for your own evaluation of your knowledge of

the subject. If you elect to take the test, be honest with yourself - don't refer to the

answers until you have finished. Then you will have a meaningful measure of your

knowledge.

Since it is a self evaluation, there is no grade - no passing score. If you find that

you have trouble in some part of the test, it is up to you to review the material until

you are satisfied that you know it.

Now turn the book around and flip to page T-1 at the back of the book.
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RADIOGRAPHIC TESTING - VOLUME IV - MAKING A RADIOGRAPH

is	 Self-Test

1. A photographic record produced by the passage of X- or gamma rays through a
Specimen to expose a film is called a

2. The ability of an X-ray to ionize material is the reason the ray -

a) penetrates the specimen	 c) exposes the film
b) forms penumbra	 d) travels in a straight line

3. X-rays and gamma rays are part of a family of waves called 	 waves.

a) electromagnetic	 c) light
b) visible	 d) radio

4. The electromagnetic spectrum indicates that X-rays have a
wave length than light rays.

5. The degree of darkness of photographic film is called film

6. X-rays End gamma rays always travel in

7. The thickest section of any specimen being radiographed will absorb
(more, less) of the rays than the thinnest section.

8. After film has been exposed by radiation and then developed, the area of the film
receiving the most radiation is	 (darkest, lightest) .

9. In a radiograph the thinnest section of a specimen appears
(darkest, lightest) on the film.

10. An inclusion that is more dense than the specimen will appear as a
(light, dark) spot, or line, on the radiograph.

11. In radiography an image of the specimen is formed on the film because

a) X-rays travel in a straight line c) X-rays travel at the speed of light
b) the emulsion is 0.01 inches	 d) the specimen generates scatter

thick
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12. The ability of a material to block or partially block the passage of X-rays is
known as 	 i

a) absolution	 c) absorption
b) penetration	 d) scatter

13. The depth of penetration of an X-ray into a material depends upon the
of the ray.

1.4. "Hard" rays are of	 wave length than "soft" rays.

16. Two types of radiographic intensifying screens are
and

16. The intensity of the light emitted by the fluorescent screen depends upon the
intensity of the

a) radiograph	 c) contrast
b) definition	 d) radiation

17. The lead screen acts as an intensifier because	 are
liberated from the lead by the radiation.

18. The measure of the accuracy of the radiograph as is nondestructive testing tool
is called the	 of the radiograph.

a) density	 c) sensitivity
b) intensity	 d) exposure

19. The measure of she smallest discontinuity that can be detected on a radiograph
is a measure of the 	 of the radiograph.

a) density	 c) sensitivity
b) intensity	 d) exposure

20. Contrast and definition* are the two factors that determine the 	 of
the radiograph.

a) density	 c) sensitivity
b) intensity	 d) graininess

21. "Contrast" is defined as the comparison between 	 for
different areas of the radiograph.

22. "Definition" is the measure of the 	 of the outline of the image
in the radiograph.

• SqWMW
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23. Here we show the difference between good and poor

T-3

24. Here we shove the difference between good and poor

25. Inherent unsharpness is caused by free electrons that are generated by the
radiographic ray as it passes through

a) the air	 c) the film
b) the specimen	 d) the cassette

26. Inherent unsharpness	 (is, is not) controllable.

27.	 Side scatter ,_„_-	 (is, is not) controllable.

28. Undercutting is caused by

a) side scatter	 c) lead screens
b) poor geometry	 d) free electrons

29. In each pair of items below underline the item that will give the best radio-
graphic geometry.

larger source size - smaller source size
larger source-to-specimen distance - smaller source-to-specimen distance
larger specimen-to-film distance - smaller specimen-to-film distance

30. The source should be located directly above the area of interest and on a line
that is	 to the plane of the film.

a) perpendicular	 b) parallel

MONNOW
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31. The plane of interest in the specimen should be 	 to the
plane of the film.

a) perpendicular	 b) parallel

32, Which of the two inclusions shown in this cross-section will have the best

definition in the radiograph?

A	 B

33. Fluorescent intensifying screens	 (decrease, increase)
the definition of the radiograph.

34. Fine grain films give 	 _(better, poorer) definition when used
in radiography.

35. Graininess for any given film usually 	 (increases,
decreases) slightly as kilovoltage increases.

36. Three of the following factors will affect the definition of a radiograph. They are:
, and

a) scattering	 d) exposure time
b) geometry	 e) tube current
c) film density	 f) film graininess

37. Which of the two rays shown will give the least distortion to the image of the
specimen ?

A	 ^^`	 SOURCE

^k,	 SFCIMEN

^	 FILM

38. Side scatter will affect both the 	 and
of a radiograph.

a) definition	 c) contrast
b) distortion	 d) graininess

39. A large source size can be compensated for by

a) increasing source-to-specimen distance 	 c) increasing specimen-to-film dis-
b) addition of 'lead screens	 tance

.^^	 d) increasing penumbra



40. Internal scatter increases as the ^.. 	 and
of the specimen material increases.

a) thickness	 c) length
b) density	 d) width

41. Subject contrast and film contrast are the two factors that comprise radio-
graphic

a) density	 c) definition
b) sensitivity	 d) contrast

42. Which of these specimens will provide the greatest subject contrast?
A	 e	 r

T-5

43. Greater subject contrast is achieved by utilizing rays with the
(lowest, highest) energy that will penetrate the specimen.

44. Scatter	 radiographic contrast.

a) reduces	 c) does not affect
b) increases

45. Any material on the film side of the specimen that receives primary radiation may
cause scatter called

a) internal scatter	 c) back scatter
b) side scatter	 d) forward scatter

46. "Film contrast" Is the inherent ability of a film to show
for a given change in film exposure.

a) no appreciable change in 	 c) a difference in density
density	 d) no graininess

b) graininess

47. Film contrast improves as film density 	 (increases, decraases)

- -	 -	 '
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48. The cheapest and most convenient way of controlling scatter radiation is to
use

a) screens	 c) densitometers
b) cassettes	 d) shielding

49. Lead foil in direct contact with the film in n cassette absorbs

a) all radiation to protect the film from exposure
b) light rays that might otherwise expose the film
c) long wave length radiation more than short wave length
d) short wave length radiation more than long wave length

50. A lead foil screen acts as a, ► intensifying screen because of the

a) short wave length radiation absorbed by the screen
b) elimination of back scatter generated by the floor
c) decreased photographic action on the film
d) electrons emitted from film side of the screen

51. Lead screens improve both the	 and the
of the final radiograph.

a) density	 c) exposure
b) contrast	 d) definition

52.	 Lead foil is placed behind the film to

a) absorb as much side scatter as possible
b) reduce non image-forming backscatter
c) reduce the quality of image-forming primary rays
d) limit the amount of light striking the film

53. A lead screen will	 and
	

the
effect of radiation from the source

a) filter	 c) intensify
b) expose	 d) reverse

54. A fluorescent screen will	 the effect of radiation from
the source.

a) filter	 c) intensify
b) expose	 d) reverse
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5 5. A filter will reduce the amount of	 in the primary radiation
beam.

a) scatter	 c) high energy radiation

b) electrons	 d) low energy radiation

56.	 A filter is placed

a) between the source and the specimen
b) between the specimen and the film
e) around the specimen
d) behind the film

57. The use of additional radiation absorbing material around the specimen to help
control scatter as shown is known as

a) collimation	 SPECIMEN

b) shielding	 LEAD SHEET
c) masking
d) filtering

58. Covering the walls, floors, or any other object which may receive any of the
primary radiation, with lead is a method of controlling scatter called

a) collimation	 c) masking
b) shielding	 d) LI ter ing

59.	 Increasing kv ^& 111	 (increase, decrease) the effect of scatter on the
radiograph.

60. Low energy rays cause	 (more, less) scatter than high energy rays.

61. The range of specimen thicknesses that can be adequately recorded on the radio-
graph is known as the	 of the radiograph.

a) sensitivity	 c) accuracy
b) latitude	 d) intensity
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tit.	 The intensity of an X-ray is directly proportional to

a) the lkilovoltage across the tube c) the backscatter
b) the penumbra of the radiograph d) the current through the tube

63. The tube current in milliamps multiplied by the time in seconds equals

a) density	 c) exposure
b) intensity	 d) kilovoltage

64, We have a satisfactory expo^,are at 5 ma exposing for 6 minutes. We want to
reduce the exposure time to 2 minutes, What current would we have to use?
(Show your calculations.)

65. When using a radioactive isotope in malting a radiograph, we can express the
equation for exposure as C X T. In this equation, C stands for

a ► current through the tube	 c) degree of contrast
b) intensity in curies	 d) coarseness of the film

66. We have a satisfactory radiograph using a 40 curia source of Co-60 with an
exposure of 2 minutes. What exposure time would we use to obtain a satisfactory
radiograph of the same specimen using another Co-60 source that is .rated at
20 curies ? (Show your calculations.)

67. M1 X Tl = M2 XT 2  and C 1 X Tl = C2 X T2 are equations for the

a) intensity law	 c) reciprocity law
b) density law	 d) inverse square law

2
68. Il =	 _ is Use	 equation.

I2	Dl

a) intensity law	 c) reciprocity law
b) density law	 d) inverse square law



2
1 1 	Dy

b)	
2

I 2 	 D1

2

d ^1 - ^ D2)

E
	 D 

z
L	 1

69, To compute the change in exposure that is required by a change in source , "^-

filrn distance we would use the equation 	 _	 ..._.

P* 9

F:1	 n^
c)..^..

1•: 2 	.DZ

a) M  X T1 = M2 X T2

70. if we are to maintain the same exposure but must decrease the source-to-film
distance, we must	 the time of exposure.

a) increase
	

b) decrease

Many ut the questions between this point and question number 90 will require use of
the charts that have been supplied with this book. We remind you that these charts
have been prepared for instructional purposes only. They are not to be tised as radio-
graphic standards. In preparing your answers you are demonstrating your ability to
recognize and use the charts. The answers are not to be taken as radiographically
correct. In reading the charts, approximate values will be satisfactory for the purpose
of this self-test.

71. At a film density of 2. 0, type A film is 	 than type D film.

a) faster
	

b) slower

72. Type A film has
	

(more, less) contrast at a density of 0.6 than
at a density of 1.5.

73. We have exposure data for a particular X-ray manhine as follows:

Specimen - 4-inch  steel
	

Film - type D
Voltage - 1, 5 mev
	

Filir, density - 2.0
Current - 10 ma
	

Source-to-film distance - 40 inches
Exposure time - 2.4 minutes

If voltage and current do not change, what exposure time will be required to
obtain a film density of '3.0 on type A film with a source-to-film distance of
30 inches for t .i^ saale specimen?

r
k

Q

woo
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74. We have obtained a film density of 3.0 on type II film of a specimen using an
exposure of 500 ma-sec, We decide* to use the slower type III film to radiograph
this specimen. What exposure will he required to obtain a film density of 2.5
for this radiograph?

75. List the four major qualities of the ideal radiograph.

76. The approximate limits of the acceptable voltage that can be u6cd to radiograph
2 inches of steel are	 to

77. Can an X-ray machine that is rated at 200-750 kvp be used to radiograph 3 inches
of steel?

78. The maximum thickness of steel that can be radiographed with a Cobalt-60
source is —	 inches.

79. The thickness limits of steel that can be radiographed with a Radium source
are —	 inches to	 inches.

80. bead screens act as intensifiers at voltage above

a) 1000 kv	 c)	 325 kv
b) 150 kv	 d) 2000 kv

81. A lead intensifying screen should be used at 100 kv

a) to protect the operator	 c) if it improves the radiograph
b) to emit electrons	 d) to help generate scatter

82. Fluorescent screens are used

a) whenever possible
b) to improve the definition of the radiograph
c) to prevent scattered radiation from reaching the film
d) only when the exposure without them is excessive

w
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83. The final selection of the voltage to use to radiograph any specimen depends on

a) the current through the machine
b) the type of film used
c) the thickness of the specimen
d) the density of the film multiplied by the distance from source to film

84. What is a practical voltage to use to radiograph 1.5 inches of steel in an
unfamiliar situation ?

85. What exposure would you use to radiograph 3/4-inch steel plate to obtain a film
density of 1.5 on type II film with a source-to-film distance of 40 inches using
an "XXX" X--ray machine at 180 kv and lead screens?

86. What exposure factor would you use in radiographing 1.5 inches of steel with
Iridium-192 to obtain a film density of 2.0 on type II film? 	 ,

87. The exposure factor equation is

IXT
x) e. f. =c) e. f. _ t X d .	 + t

D2	
020

C1 X Ti

b) e. f. = M1 X T1	d) e. f. = 
v2 n 12

88. We want to radiograph 2 inches of steel with an Iridium -192 source of 25 curies.
We want to obtain a film density of 2.0 on type II film. If our source-to-film
distance is 15 inches, how long should the exposure be? (Show your calculations.)

89. What was the activity of Iridium -192 source IR-1166 on 9-20-62 ?

90. Two inches of copper is radiographically equivalent to 	 inches
of steel when radiographed at 400 kv.

91. The maximum film density to which the radiograph should be exposed is dependent
upon

a) the duality of the film viewer	 c) the speed of the film
b) the variation in thickness of 	 d) the graininess of the film

the specimen



a) Pr c) U + d

b)
t X d + t

U
Ud	 't

t X d 
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92. High contrast films are used when

a) the voltage is relatively high	 c) the viewing equipment is poor
b) the subject contrast is high	 d) relatively small discontinuities are sought

93. Use of a slower speed film improves the definition of the radiograph hacause
the slower film

a) requires more exposure	 c) requires less voltage
b) is more sensitive to X-rays	 d) has finer grain

94. The selection of the proper c,)urce-to-film distance is a primary factor in
controlling

a) contrast	 c) graininess
b) unsharpness	 d) scatter

95. When the penumbra on a radiograph measures less than .020 inches the image
will appear	 to the unaided eye of the film interpreter.

a) fuzzy	 c) distorted
b) sharp	 d) dark

96. Source-to-film distance, specimeri=to-film distance, and source size are the
three factors that control the	 of the radiograph.

a) density	 c) film size
b) exposure
	

d) unsharpness

97. The minimum source-to-film distance required to reduce penumbra to satisfac-
tory limits can be determined by using the equation D =

98. An X--ray unit is rated for 300 kv at 10 ma, continuous operation. A milli-
ampere meter on the control panel will indicate from 0 to 20 milliamperes.
The maximum current that can be safely put through the tube when operating
continuously at 300 kv is

• VANNIOMW
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To a radiographer the device illustrated is known as a

..

In the radiographic analysis procedure that is used to prepare an exposure
chart the first step is to

a) make several radiographs of a step wedge
b) radiograph several objects of known thicknesses
c) convert the densities read from the radiographs to a standard density
d) plot the exposures on a graph

In selecting the voltages and exposures to use in the step wedge analysis we
use data supplied by

a.) past experience with the 	 c) the equipment manufacturer
machine
	

d) the film manufacturer
b) experience with other machines

102. Which exposure factors are recorded in the process of making a step wedge
analysis ?

a) voltage and exposure	 c) film density and material
b) source-to-film distance and 	 d) all of them

film typ;'

103.	 In the step wedge analysis process it is sometimes necessary to vary the
source-to-film distance. (True - False)

104. After the step wedge radiographs have been made, the 	 of

the image of each step is recorded on a chart.

a) sharpness	 c) density
b) contrast
	

d) length

99.

100.

101.

The chart that results from a step wedge analysis is normally based on a
selected film density. (True - False)
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106.	 The final step of the step wedge analysis is to plot the data on a graph to form

a) a film characteristic curve	 c) an exposure chart
b) a decay curve	 d) an equivalence chart

	

107.	 The latitude analysis chart is useful in determining the range of specimen
that can be radiographed with one exposure.

a) thicknesses	 c) densities
b) materials	 d) types

	

108.	 In changing an exposure chart into a latitude analysis chart the first step in the
procedure is to select

a) the required voltage	 c) the proper source-to-film distance.
b) an acceptable film density ranged) the proper X-ray equipment

109. The "two exposure" technique may be used when one radiograph does not have
enough	 to produce a satisfactory radiograph of a
specimen.

a) latitude	 c) graininess
b) definition	 d) activity

	

10.	 The process of loading more than one film into a c.- ssette is known as the
technique.

111. When a fast film and a slow film are loaded in the same cassette, the slow
film can be expected to show adequately the	 (thinner,
thicker) sections of the specimen.

112. What is the thickness of the standard 1.5 penetrameter?

	

11.3.	 On what thickness of material would you use the standard 1.5 penetrameter
to obtain a 2% sensitivity?

114. The diameter of the largest hole in a standard 2.0 penetrameter is
inches.

115. The diameter of the 2T hole in a standard 3. 0 penetrameter is
inches.

116. The diameter of the smallest hole in a standard 25 penetrameter is
inches.
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117.	 The penetrameter is a tool used to check the 	 _	 —of a
radiograph.

a) contrast	 c) sensitivity
b) definition	 d) emulsion

	

118.	 The image of the penetrameter on the radiograph is proof that the radio-
graph has the proper

a) contrast	 c) sensitivity
b) definition	 d) emulsion

	

119.	 The image of the penetrameter holes on the radiograph is proof that the
radiograph has proper

a) contrast	 c) sensitivity
b) definition	 d) density

	

120.	 Using the chart below, what size penetrameter (give I. L. No.) would be used
to oWain an 0.7% sensitivity when radiographing 2 inches of steel ?

SENSITIVITY PENNY T AS % OF TM
PERCEPTIBLE

HOLE DIA

0,71/6 1•/• IT

1.00/0 1% 2T

1,4% 2% IT

2.0% 2% 2T

2.8"/. 2% 4T

4.00/. 4% 2 T
T = THICKNESS
	

T  = THICKNESS OF MATERIAL

	121.	 Using the chart from the preceding question, which penetrameter hole would
have to be visible on the radiograph to assure the 0.7% sensitivity?

	

122,	 In the figure below, draw in a penetrameter where you think it should be placed.

a

UEN

ILM
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123. When it is impractical to place a penetrameter on a specimen, it may be placed
on a separate block of material provided the specimen and the block are the
same	 and —

124. When the article to be radiographed is so complex that a separate block
technique cannot be used and the penetrameter cannot be placed on the article,
either of two methods can be used. These two methods are called
and	 _,

125. When radiographing welds, shims are added under the penetrameter so that
the amount of material under the penny is equal to

126. In the "film side equivalent" technique shown below, P2 cannot be
(thicker, thinner) than P1.

127. Referring to the illustration in the preceding question, P3 should be
as thick as P2.

128. In selecting the "film side equivalent" penetrameter to use, we look for the
smallest hole shown in the image of the	 penetrameter.
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ANSWERS FOR SELF-TEST

Page No.ag Page No.ag
Ref. Ref.

1. radiograph 27. is 2-17

2. c 1-15 28. P 2-15

3. a 1-2 29. smaller source size 2-18

4. shorter 1-2 larger source-to-specimen

5. density 1-24 distance

6, straight lines 1-13 smaller specimen-to-film

7. more 1-17 distance

8. darkest 1-22 30. a 2-24

9. darkest 1-22 31. b 2-27

10. light 1-29 32. b 2-30

11. a 1-13 33. decrease 2-34

12. c 1-17 34. better 2-31

13. energy (voltage, wave 1-5 35. increases 2-34

` length) 36. a, b, f 2-36

14. shorter Volume I 37. a 2-24

15. lead, fluorescent 1-32 38. a, c 2-12

16. d 1-34 39. a 2-21

17. electrons -34 40. a, b '.)-13

18. c 2-1 41. d 3-2

19. c 2-1 42. c 3-2

20. c 2-2 43. lov!rest 3-6

21. densities 2-2 44. a 2-12

22. sharpness 2-7 45. c 2-12

23. contrast 2-4 46. c 3-14

24. definition 2-7 47. increases 3-14

25. c 2-9 48. a 3-23

26. is not 2-9 49. c 3-23

hL



50. d

51. b, d

52. b

53. a, c

54. c

55. d

56. a

57. c

58. b

59. decrease

60. more

61. b

62. d

63. c

64. M1XT1=M2XT2

M 2 X 2 = 5X6

30
M2 - 2 = 15 ma

65. b

66. C1XT1=C2XT2

20XT=40X2

_ 40 X 2
T	 20 = 4 min

67. c

68. d

69, c

70. decrease

• .16MiiIMa
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Page No. Page No.
Ref.

OM Ref.
3-26 71. slower	 4-50

3-23 72. less	 4-49

3-25 T,1	 D^	 T1 XD Z
73.3- 26 T =	 or T2 =D2	 D2

2-34 2	 2	 1

3-30
22,^ 4 X (30)

3-30 T2 =2	
=1.35 min.

(40)
3-33 Froi-n film characteristic curves -
3-37 Exp. type D film, 2.0 density - 1.28

3-39 Exp. type A film, 3.0 density - 2.5
(exposure increases)

3-39
1.35 X 2.5 = 2.64 min.	 Chapter 4

3-45 1.28

4-5 74. Log rel exp 3 . 0 type II - 2.10

4-10 Log rel exp 2 . 5 type III - 2.62

4--12 Interval	 0.52

Antilog of interval - 3.31

500 X 3.31 = 1655 ma-sec
Chapter 4

75. maximum contrast
4-22 maximum definition
4-24

minimum distortion

adequate density 5-1

76. 260 kv to 4.2 Mev (approx.) 5-10

77. Yes 5-10
4-14 78. 8 inches 5-15
4-28 79. 1.0 to 3.7 (approx. ) 5-15
4-28

80. b 5-16
4-32

81. c 5-18
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Page No.
Ref.

106. c

5-22 107. a

5-22 108. b

5-24 109. a

;1-32 110. two film

5-33 111. thinner

112. 0.030 inches

113. 1.5 inches

114 0 16 inches

82. d

83. c

84. 380 kv (approx. )

85. 8.5 ma-min

86. .5 (approx.)

87. a

88. 2

e. . _
I 2T ,I, = e. f.I X D

D

,
. 98 X (15) 2 	 , 98 X 225_

T	
25	 25

8.64 115. 0.12 inches

8.64 minutes (approx. ) 5-34
116. 0.010 inches

89, 25 curies 5-39
117 ' c

90. 2.3 5-44 118, a

91. a 5-48
119. b

92. d 5-50
120. 1.0

93. d 5-53
121. 1T

122.

Page No.
Ref.

6-16

6-25

6-25

6-40

6-43

6-44

6-47

6-45

6-48

6-48

6-51

6-59

6-54

6-54

6-67

6-61

6-739 1%. b h-57

95. b 5-57

96. d 5-59

97. b 5-59

98. 10 ma 5-64

99. step wedge 6-2

100. a %rj- -3

101. c 6-6

102. d 6-9

1,03. false 6-9

104. c 6-12

105. true 6-16I

/	 `^ PENETRAMEYER

123. material, thickness

124. identical part, two shat

125. the thickness of the weld

126. thicker

127. one half

128. thinnest

6-74

6-77

6-78

6-85

6-85

6-85

w
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