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BEC 3775 

SUMMARY 

The object  of t h i s  report  i s  t o  summarize the work 

accomplished f o r  the  Goddard Space F l igh t  Center under NASA 

Contract NAS5-10164 f o r  procurement of a Laboratory Photometer 

and Accessory Cal ibrat ion Source. The instrument i s  a modifica- 

t i o n  of the Barnes Engineering EP-1 Photoelectr ic  Pyrometer. 

The required modifications a re  discussed together wi th  tes t  

r e s u l t s  of the  completed instrument. 

The completed instrument achieved the  e s s e n t i a l  requirements 

o f f e r ing  required s e n s i t i v i t y  and S/N r a t i o .  

f o r  add i t iona l  t e s t i n g  and design improvements are offered.  

Recommendations 
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I INTRODUCTION 

The work described herein w a s  performed under NAS 

Contract NAS5-10164 from the Goddard Space F l igh t  Center f o r  

a Laboratory Photometer described i n  GSFC Specif icat ion 732- 

84704/239. The work consisted of modifying the bas ic  design 

of a BEC EP-1 Photoelectr ic  Pyrometer t o  accept interchangeable 

photomultipliers and r e l a t e d  changes i n  e l ec t ron ic s  and display 

u n i t s ,  In  addi t ion,  a spec t ra l ly  ca l ib ra t ed  source of i r radiance 

w a s  furnished.  

This repor t  summarizes the design fea tures  of the  

Laboratory Photometer and discusses the t e s t  r e s u l t s .  Recom- 

mendations f o r  possible  improvement are included. 

I1 REQUIREMENTS 

The requirements for  the  photometer a re  contained 

i n  NASA/GSFC Specif icat ion 732-84764/239 f o r  a Laboratory 

Photometer, The e s s e n t i a l  cha rac t e r i s t i c s  are l i s t e d  below 

f o r  reference:  

1, 

res pons e 

2, 

3,  

4 ,  

50 

Detector Response - Nominal S-4, S-11 and S-20 

Field of View - Nominal, one degree maximum 

Relative Optical Transmittance - +5% 3200A < A 10,000 

Focus - four  f ee t  t o  i n f i n i t y  
- - 

Image s h a l l  be defocussed on the  de tec tor  
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6 ,  Supply Power - 115 210% l i n e  vol tage,  60 + 2  cps 

l i n e  frequency 

7 0  Relative Spectral  Sens i t i v i ty  of Detectors and 

Transmittance of Optics - t o  be furnished 

8,  Sens i t i v i ty  - must resolve specif ied t a rge t  a t  

dis tances  between 5.25 and 87.2 f e e t  ( a t  8 7 , 2  f e e t  the integrated 

rad ian t  f lux  i s  approximately 10-10 wat ts / f t2)  

9, 

10, Repeat ib i l i ty  - 1% f o r  1 hour 

11, Alignment - requires  s igh t ing  scope 

Signal-to-Noise Ratio - minimum 5 : l  

The spec i f ica t ion  fur ther  requires  a standard of spec t r a l  

i r radiance and a proper handbook on the pr inc ip le  of operation 

and maintenance of the instruments 

The instrument i s  intended f o r  use as a t r a n s f e r  standard 

f o r  measurements of i r radiance on var ious s t a r  s imulators ,  Three 

photomult ipl iers  having nominal S - 4 ,  S-11 and S-20 s p e c t r a l  

responses a re  used t o  evaluate the i r radiance as experienced 

by s t a r  t racking equipments u t i l i z i n g  any of these detector  

responses 

111 INSTRUMENT DESIGN 

The BEC Laboratory Photometer has been designed as  a 

standard instrument embodying many of the design pr inc ip les  and 

components of the BEC EP-1 Photoelectr ic  Pyrometer, The instrument 
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is  comprised of an e lec t ronics  u n i t  containing the display,  

cont ro ls  and power suppl ies ;  and the  o p t i c a l  head containing the 

photomultiplier,  object ive and s igh t ing  op t i c s .  

A. Basic Approach 

The proposed approach t o  the  Laboratory Photometer 

incorporates the  photomultiplier de tec tor  operated i n  a constant 

cur ren t  mode wherein the  m u l t i p l i e r  dynode vol tage impressed 

upon the  de tec tor  and, hence, the gain i s  control led t o  achieve 

a constant anode cur ren t ,  

what more conventional technique of operating a photomultiplier 

a t  a constant dynode vol tage and gain wherein the  anode current  

is  proportional t o  the measured i l luminat ion,  

This method i s  opposed to the  some- 

The bene f i t s  of the constant cur ren t  approach f o r  the 

intended applicated are: 

1, Greater dynamic range of one scale 

2 ,  Inherent protection of the de t ec to r  i f  acc identa l ly  

exposed t o  high br ightness  levels  

3 ,  Improved s t a b i l i t y  achieved through a closed loop 

operat  ion 

The anode current  i n  t h i s  mode by be expressed: 

Peff (1) 1, % vn 
Where: 

I, = anode cur ren t  

V = supply voltage 
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n = number of photomultiplier s tages  

Pe f f  = j H h  SA dh = e f fec t ive  input r ad ia t ion  

HA = s p e c t r a l  i r radiance 

SA = s p e c t r a l  responsivity of the  photomultiplier cathode 

Holding the  anode current  constant by cont ro l l ing  the  

appl ied dynode voltages,  then: 

log Peff  3 n log V + C 

Peff = 7 
(2 1 
(3 1 C 

A s  the  instrument w i l l  be u t i l i z e d  pr imari ly  f o r  the  

measurement of s t e l l a r  magnitudes where: 

hm 2 . 5  log P2/P1, 

the  readout is  proportional t o  Am once ca l ibra ted  a t  a p a r t i c u l a r  

known i r rad iance  ., 

The range of stellar i r radiances spec i f ied  i s  approxi- 

mately 275:1, implying a s te l lar  magnitude range of s i x ,  This 

dynamic range may be e a s i l y  handled on one scale with adequate 

res o l u  t ion 

B o  Design Modifications Encountered 

A s  noted above the Laboratory Photometer was designed 

mainly as a modification t o  the BEC EP-1 Photoe lec t r ic  Pyrometer, 

A s  such many of the de t a i l ed  components, cas t ings  and mechanical 

assemblies are the same, There were c e r t a i n  areas ,  however, 

wherein design modifications were undertaken t o  improve performance 

and ease operation f o r  use as a s t e l l a r  photometer, 
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F i r s t ,  the  pyrometer makes use of a p e l l i c l e  beam 

s p l i t t e r  i n  the  o p t i c a l  path between the  object ive lens  and the  

f i e l d  aper ture  t o  provide a simultaneous viewfinder. This allows 

an operator  t o  view the  t a rge t  while measuring temperature. 

In  t h e  photometer, however, a s i x t h  magnitude star w a s  considered 

too  dim t o  allow observation from the  p e l l i c l e .  

a 45 degree mirror normally used t o  d e f l e c t  the  o p t i c a l  ax i s  

down t o  the aper ture  w a s  made movable. A switch w a s  added t o  

t h e  top of the  o p t i c a l  head t o  f a c i l i t a t e  cont ro l  of the  mirror.  

The operation is wholly mechanical, no solenoids or e l e c t r i c a l  

devices being required. The s igh t ing  te lescope w a s  then moved 

t o  the  top of the  head, coincident wi th  the  o p t i c a l  ax i s  of the  

objec t ive  lens .  In  accomplishing t h i s ,  numerous small improve- 

ments were added t o  the  opt ica l  and mechanical components. 

This change, though not  i n i t i a l l y  proposed, thus allows d i r e c t  

through s igh t ing  without the  loss of image br ightness  which would 

have r e su l t ed  had the  p e l l i c l e  beam s p l i t t e r  been used. 

t h i s  modification, o p t i c a l  f i l ters  used t o  l i m i t  the  s p e c t r a l  

response of the  instrument were removed. A s p l i t  f i e l d  lens  

assembly, however, intended t o  uniformly i l luminate  the  photo 

cathodes, w a s  re ta ined  sa t i s fy ing  the requirement f o r  a "blurred" 

o r  defocussed image a t  the  detector .  

Accordingly, 

In  

A s  the  bas ic  pyrometer makes use of a 1P28 photomultiplier 

operat ing t o  1250 v o l t s ,  design changes i n  the  con t ro l  e l e c t r o n i c s  

h 
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were required t o  raise the voltage f o r  the  S-11 and S-20 response 

tubes. 

f o r  t he  S-11 and S-20 responses were subsequently determined t o  

be inadequate f o r  two reasons. F i r s t ,  these tubes are l a rge r  

than des i red ;  and, second, the  ten s tage  mul t ip l i e r s  offered 

inadequate gains.  

equivalents  of the  tube f o r  which an adequate s igna l  t o  noise  

r a t i o  w a s  predicted,  operating a t  anode cur ren ts  of 10-8 amperes. 

It i s  des i rab le ,  however, t o  operate i n  the  constant current  

closed loop mode a t  an anode current of 10-7 amperes o r  g rea t e r .  

Accordingly, EMR tubes type 541A (S-11) and 541E (S-20) were 

se lec ted .  

and e l e c t r o n i c  components of the EP-1 and necess i ta ted  only a 

change i n  the  photomultiplier housing of the  o p t i c a l  head t o  

I n i t i a l  s e l ec t ion  of the RCA 7264 and 7265 photomultipliers 

This w a s  s imi l a r ly  t r u e  f o r  the one inch 

These tubes are compatible with the  bas i c  mechanical 

provide in te rchangeabi l i ty  w i t h  the RCA 1P21. 

w a s  therefore  modified t o  provide a maximum 3600 v o l t s  f o r  t he  

S-11 and S-20 tubes and 1250 vol ts  f o r  the  1P21  (S-1). 

The power supply 

The readout display cons is t s  of an ind ica t ing  instrument 

meter, Scales a re  usua l ly  drawn spec ia l ly  f o r  each instrument 

and i n  t h i s  case could have been drawn t o  Peff o r  even Ame 

In  discussion wi th  the  cognizant t echn ica l  representa t ive ,  however, 

it w a s  resolved t h a t  the  simple 100 d iv i s ion  l i n e a r  scale w a s  

required.  
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C. Description of the F ina l  Instrument 

The photometer i s  made up of two major assemblies, 

the o p t i c a l  head which includes the  photomultiplier assemblies 

and the  e l ec t ron ic s  u n i t  containing the  readout. 

foo t  interconnecting cable  i s  furnished. 

A f i f t e e n  

Figure 1 shows the  op t i ca l  head assembly. The objec t ive  

lens  i s  contained i n  a focussing mount. 

57 mm and the  foca l  length i s  146 mm. 

from approximately 3 f e e t  t o  i n f i n i t y .  

mounted a f i r s t  surface f l a t  mirror which may be a l t e r n a t e l y  

removed from the o p t i c a l  path or  swing . in to  the  pa th  a t  45". 

In  the  f i r s t  posi t ion,  the  mirror has no e f fec t ,and  the  t o t a l  

t a r g e t  image is  viewed through the  eyepiece. In the  second 

pos i t ion ,  energy from the  target i s  r e f l ec t ed  downward t o  the  

f i e l d  def ining aperture .  

the  s l i d e  switch on the  top of the  o p t i c a l  b a r r e l .  The mirror 

is  out of the  path with the forward pos i t i on  of the switch and 

i n  the  path when i n  the r e a r  posi t ion.  

The c l e a r  aper ture  i s  

The object ive may be focussed 

Behind the  object ive i s  

The mirror pos i t i on  i s  se lec ted  using 

The f i e l d  def ining aperture  is  .064 inches i n  diameter. 

I n s t a l l e d  beneath the aperture i s  a two-element f i e l d  lens  which 

focusses the  object ive lens  on the  photomult ipl ier ,  This f i e l d  

lens  i s  used t o  d i s t r i b u t e  energy uniformly across the  face of 

the  photomultiplier tube, accomplishing the  same purpose as de- 

focussing o r  b lu r r ing  the  image of a point source on the photo 

cathode. 
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Three photomultiplier tubes are provided f o r  i n s t a l l a t i o n  

i n  the  o tp i c s  head. 

secured with four captive screws i n  the flange. 

m u l t i p l i e r s  supplied are the  RCA 1P21 ( S - 4 ) ,  EMR 5 4 1 A  (S-11) 

and the  EMR 541E (S-20). Front face  tubes a r e  mounted with an 

a u x i l i a r y  mirror,  

i n  each interchangeable phot o m  1 t i p l i e r  assembly . 

Each tube is  located by an index p in  and is 

The photo- 

A l l  e l e c t r i c a l  interconnections are complete 

To the rear of the  switched mirror i s  the  s igh t ing  

re t ic le  a t  the  focus of objective.  This r e t i c l e  shows two con- 

c e n t r i c  c i r c l e s ,  the outer  circle defining the  f i e l d  of view of 

0,7" while the  inner c i r c l e  

0.3O f o r  reference,  

complete the  s igh t ing  scope. 

the  s igh t ing  op t i c s  is  2 . 6 ' .  

defines a f i e l d  of approximately 

Two e r rec to r  elements and the eyepiece 

The over -a l l  f i e l d  of view through 

The o p t i c a l  head mounts on a t r ipod  o r  other  f i x t u r e  

using a 1 / 4 - 2 0  threaded i n s e r t  i n  the  bottom of the head. 

Figure 2 shows the  e l ec t ron ic s  and display u n i t ,  In  

t h i s  u n i t  i s  mounted the  control amplif ier ,  t he  high voltage d-c 

t o  d-c converter,  the  display and the  power supply. The cont ro l  

e l ec t ron ic s  cons i s t  of a zener regulated reference current  source, 

a two-stage amplif ier ,  a power regula tor  and a dc-dc converter 

using a voltage t r i p p l e r  as the output.  To provide f o r  ease i n  

interchanging de tec tors ,  the  S-11 and S - 2 0  photomultipliers 
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u t i l i z e  dynode voltage dividers  of high r e s i s t ance  while the 

1P21 (5-4) tube u t i l i z e s  a low r e s i s t ance  s t r i n g  making it f e a s i b l e  

t o  l i m i t  the  current  wi th  a simple series r e s i s t ance  i n  the  

e l ec t ron ic s  u n i t .  

chains  f o r  the  high voltage tubes  i s  possible  because the  constant 

anode current  has been set  for 0.2 and 0.5 microamperes on the  

l'lo" and "hi" range scales. 

is ,  of course, a problem. Therefore, the  d isp lay  vol tage has 

been taken from the input t o  the converter.  Measurements i nd ica t e  

t h a t  t he  converter i s  l i n e a r  within 1/2% over the usable range 

of t h e  instrument. 

The u t i l i z a t i o n  of high r e s i s t ance  d iv ider  

Loading of the  output high vol tage 

D. Calibrated Source 

A ca l ib ra t ed  source of i r rad iance  i s  provided. The 

c a l i b r a t i o n  data and ins t ruc t ions  f o r  i t s  use and handling 

are contained i n  Appendix 1. 

i n  the  appl ica t ion  ins t ruc t ions ,  

I V  TEST RESULTS 

The physical source i s  as described 

A. Spec t ra l  Response of Photomultipliers 

Figure 3 shows the  measured s p e c t r a l  response of the  

RCA 1P21 ( S - 4 )  photomultiplier.  Response of the  S-11 and S-20 

photomultipliers i s  shown i n  Appendices 2 and 3 t o  t h i s  repor t ,  

containing c e r t i f i c a t e s  f o r  the EMR 541-A-01-14-03900 and EMR 541- 

E-01-03900, respect ively.  Each of these l a t t e r  tubes,  end-on 
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types, has incorporated with t h e  tube a f i r s t  surface mirror 

adapting i t  t o  the o p t i c a l  path of the head. 

94% +2% over the measured range shown f o r  the  tube. 

These mirrors show 

B. Spectral Transmittance of the Op t i ca l  Head 

Figure 4 shows the measured s p e c t r a l  transmittance 

of the  o p t i c a l  head, 

de t ec to r  and an NBS ca l ib ra t ed  source of s p e c t r a l  i r rad iance ,  

This measurement w a s  made using the  RCA 1P21 

C. S e n s i t i v i t y  

Figure 5 shows p l o t s  of the relat ive indicated output 

as a function of re la t ive source br ightness ,  

prepared based upon the use of the NASA Standard Star  Source 

described i n  the bas ic  spec i f ica t ion .  

has been taken as t h a t  i r radiance achieved a t  the  g r e a t e s t  dis tance,  

T h i s  p l o t  was 

Unity br ightness  level 

and o ther  points  were measured and p lo t t ed  using the  11 inverse 

square law",  

l inear  on semi log graph paper ind ica t ing  agreement wi th  equa- 

t i o n  ( 2 ) .  

w i l l ,  however, explain the  curvature when it i s  taken i n t o  

account t h a t  the applied voltage varies considerably and 

the  ga in  i s  not  t r u l y  a logarithmic function,, 

g r e a t e r  than 10:1 range, each tube does, however, exh ib i t ,  a 

c lose ly  logarithmic funct ion.  Hence, wi th  two ranges, i t  i s  

possible  t o  c a l i b r a t e  the instrument conveniently. 

It w i l l  be noted t h a t  the p l o t s  are s u b s t a n t i a l l y  

Reference t o  the  c e r t i f i e d  da t a  f o r  the  EMR phototubes 

Over a somewhat 
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The departure of both the  S-4 and S-20 tubes i s  

representa t ive  of the  near maximum gain which i s  required of 

these  tubes a t  the minimum l igh t  leve l .  

Do Evaluation of the Signal-to-Noise Ratio 

Because of the c h a r a c t e r i s t i c s  of t he  Laboratory 

Photometer, operation of the  photomultiplier a t  a constant anode 

c u r r e n t  resul ts  i n  the  highest  s i g n a l  output (dynode vol tage)  

when the  instrument is  capped o r  when observing l o w  i n t e n s i t y  

t a r g e t s .  Accordingly, the  signal-to-noise r a t i o  r e s u l t s  cannot 

be evaluated i n  terms of the  measured s igna l  output when observing 

the star 

conventional l i n e a r  current  measurement photometer. 

compression necess i t a t e s  an a l t e r n a t e  approach t o  t h i s  evaluat ion.  

versus the  output s igna l  when capped, as wi th  the  more 

The inherent  

The noise may be defined as the  v a r i a t i o n  o r  r i p p l e  

which limits the reso lu t ion  of the  photometer, 

t he  s ignal- to-noise  r a t i o  may be defined a t  the  minimum brightness  

l e v e l  as: 

Accordingly, 

1 , O  (minimum brightness  l e v e l  
S/N =(slope AB/AI) x (slope AI/Av) x (ms Aoise a) 

c a l  i b r  a t  ion recorder recorder  
constant constant output 

where: 

AB/AI  = slope of r e l a t i v e  br ightness  u n i t s  t o  indicated 

AI/AV = r a t i o  between the  r e l a t i v e  output s ca l e  and the 

output 

recorder output vol tage 
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The measurements of noise are most conveniently made 

by recording the  output of the photometer while observing the  

star. 

t r aces  of such recordings with the scale f a c t o r  set  a t  5 v o l t s  

f u l l  scale, one f o r  each photomultiplier tube. A regulated 

low noise  power supply w a s  used t o  o f f s e t  t he  zero output of the 

recorder t o  obtain the  traces, 

Attached as Figures 6, 7 and 8 are th ree  representat ive 

The attached ca l ibra t ion  curve, Figure 5, shows the 

measured output of the  photometer f o r  a number of d i f f e r e n t  

s ta r  br ightness  leve ls .  The l o w e s t  br ightness  has been defined 

as un i ty  level f o r  convenience. 

levels a t  d i s tances  g rea t e r  than 50 feet ,  i t  w a s  necessary t o  

ref lect  the  image using an op t i ca l  f l a t .  The o p t i c a l  re f lec tance  

has been calculated as 94% i n  the s p e c t r a l  band of i n t e r e s t ,  

In  measuring the  br ightness  

For the S-20 (See Figure 6) .  

1, The c a l i b r a t i o n  o f  br ightness  uni t s /vo l t  a t  the 

lowest br ightness  measurement is: 

2.  Recorder output constant (Figure 9) 

15,8 20 - 9,6 = .*> vo t s  = 3 .22  pa/volt  
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1 
(slope AI/AV)(slope AB/AI)(RMS Noise v) 'IN 

- 1 - 
3.22Aa/v x 0005 BU/Aa x 15v r m s  

5 

= 206 1 
x 0,05 x 0,03 S/N = 22 

It i s  readi ly  apparent from Figures 7 and 8, t r aces  

of the  s igna l  and noise  output using the S-4 and S-11 tubes 

respect ively,  t ha t  the S/N r a t i o  f o r  these tubes i s  correspondingly 

high. 

V CONCLUSIONS 

On the bas i s  of the da ta  taken, i t  i s  concluded t h a t  

the Laboratory Photometer meets the e s s e n t i a l  requirements of 

the procurement spec i f ica t ion ,  Oniy one requirement, the spectral 

transmittance below 5000A, f a i l ed  t o  comply, 

The measurement of spec t r a l  transmittance of the  opt ics  

w a s  accomplished twice, The f i r s t  measurement involved a number 

of conversions of the basic  d a t a  and the r e s u l t i n g  data  showed 

inconsis tencies ,  The t e s t  was repeated, t h i s  time measuring 

the s p e c t r a l  response of the 1P21 and then of the 1P21 and the 

opt ics .  

the published da ta  and da ta  previously taken on other  tubes 

i n  the same manufacturing l o t ,  The o p t i c a l  transmittance 

The measured response of the RCA 1P21  agrees with 
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measurement, therefore ,  appears cor rec t .  Pressure f o r  de l ivery  

of t h e  photometer and a general  f ee l ing  t h a t  t h i s  condi t ion 

would be acceptable prevented fu r the r  inves t iga t ion  of t h i s  

problem. 

the o p t i c a l  head and the  measurement of s p e c t r a l  transmittance 

of each element t o  determine the source of t he  lower t rans-  

mittance between 4000 and 5000A, 

5% maximum deviat ion i n  transmittance below 4000A would be 

expected f o r  the g l a s s  elements. 

A general  approach would requi re  the  disassembly of 

A general  departure from the 

Should i t  be desirable ,  o ther  scale configurations 

are poss ib le  and may be desirable,, 



Figure 1 MODEL 12-813 OPTICAL UNIT 

Fig1~1-e 2 MODEL 12-8 13 ELECTRONICS UNIT 
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THE EPPLEY LABORATORY, INC. 
SCIENTIFIC INSTRUMENTS 

NEWPORT, R.I.  
U. S. A. 

Cil,H'IIFICA'CiS OF' C A L I S R A ' I ' I O N  
OF' - A S'IAIJDAHD 011' SPECTRAL IRRADIANCE: 

?or: Barnes Znzineering Co. 
30 Commerce Road 
Stamt'ord, Connecticut 

s. 0 .  15918  amp S e r i a l  N O .  EYI-1037 

1. Spectral  Range of Calibration: 250 mp t o  2500mp. 

2. lllethod of Cal ibrat ion 

See "Instruct ions f o r  Using the NBS 1000 Watt Guartz Iodine 
Lamp Standards o f  Spectral  Irradiance",  one copy of which is 
enclosed. See pa r t i cu la r ly  paragraphs 2, 3 and 4 of the 
ins t ruc t ions  regarding or ien ta t ion  of the standard. 

3 .  Standards of  Reference 

The s e r i a l  numbers o f  the  National Bureau o f  Standards' 
reference standards employed are:  QN-111 E r  I-luOl 

t Q y - - i Q  ' 

4. Eesul ts  

The results are  contained i n  the appended Table. 

Tested by: 
D. B. lmaniels 

Checked by: 

Date: 4 :lay 1966 
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TAULIC OF RISULTS 

Spec t rn l  irradinncc i n  microwatts per  ( cm2-nanometer) 
a t  A distarice of 50 cin o f  lamp No, EPI-1037 operated a t  8.3  amperes 

x (nm P m d  Spectral I r r a d i a n c e  

0159 
.0285 

250 
260 
27 0 .04% 
280 . O’i84 
29 0 ,118 

450 
500 
550 
600 

700 
750 
800 
900 
1000 

1100 
1200 
1300 
1400 
1500 

1600 
1700 
1800 
19 00 
2000 

2100 
2200 
2300 
2400 
2500 

167 
.325 
.765 

1.15 
2.02 

4.18 
0 -96 

, ‘  

10.3 
13.7 
1-/ .o 
19 .?I 

21.5 

23 ‘I 
23.2 

- 7  1 13.1 

21.8 
23.1 
1 8 . 1  
16.2 
l!c. 2 

6.23 
5 .Y+ 
4.39 
4.51 
11.06 



Ins t ruc t ions  f o r  Using t h e  NBS 1000-Watt Quartz Iodine La- 
Standards o f  Spectral  I r rad iance  

November 30, 1964 

These i n s t r u c t i o n s  cover the  use of tungsten-fi lament quartz- iodine 
lamps i s s u e d  a s  standards of spec t ra l  i r r ad iance  f o r  the wavelength range 
of 0.25 t o  2 . 5  microns. The l a p s  employed are commercial G.E. 
type DXW-1000-watt lamps havine a tungsten co i l ed -co i l  f i lament enclosed 
i n  a small (3 /8  inch x 3 inches) quartz envelope containing a small 
amount of iodine.  

The s p e c t r a l  rad ian t  i n t e n s i t y  of t he  e n t i r e  laup as mounted i n  Lhe 
manner prescr ibed below is measured and reported.  
ance from these  lamps i s  based upon t h e  s p e c t r a l  radiance of a blackbody 
as def ined by Planck's equation and has been determined through conpad- 
son of a group of quar tz  iodine lamps wi th  (1) t h e  NBS standards of spec- 
t r a l  radiance,  (2) t h e  NBS standards of luminous i n t e n s i t y ,  and (3) t h e  
NBS standards of t o t a l  i r rad iance .  

The s p e c t r a l  i r r a d i -  

The 1 e q  is mounted v e r t i c a l l y  with t h e  NBS-numbered end of t he  lamp 
down-with number away from the  detector. Measurements of d i s tance  (from 
lamp fi lament) are made along a horizontal  axis passing through the  cen- 
t e r  of t he  lamp filament. 
s e t t l n g  the  centers  of t he  upper and lower seals along a plumb l i n e  as 
viewed from one s i d e  of the lamp. The plane o f  the front  sur face  of t h e  
upper p re s s  seal i s  set t o  conta in  the ho r i zon ta l  perpendicular  t o  t h e  
l i n e  comec t ing  the  lamp fi lament center and detector .  

The correct v e r t i c a l  p s s i t i o n  i s  determined by 

The lamp i s  mounted i n  t h e  supplied holder  which l e  constructed i n  
such a -Jii.ner as t o  r e f l e c t  a negl ig ib le  amount of r ad ian t  f l u x  i n  t h e  
d l r e c t i m  of t h e  radiometer o r  spectrometer s l i t .  
be placed P t  a d i s tance  o f  about 4 feet t o  t h e  rear of the lamp t o  i n t e r -  
c e p t  s t r a y  rad ian t  f lux  along the  radiometric axia  and adequate sh i e ld ing  
should be Crovided t o  in t e rcep t  s t r a y  flux,from o t h e r  d i r ec t ions .  

A black s h i e l d  should 

I I f  t he re  i s  excessive water vapor i? the  labora tory  atmosphere, er- 
r o r -  may s e a  I t  a t  the wavelengths of  water-vapor aboorpt ion bands. I n  
the oz ig ina ;  c a l i b r a t i o n s  the comparisons of the  lamps w i t h  t h e  o t h e r  
NBS r t -andarts  were made i n  such a man& that the e f f e c t  of water-vapor 
a b s x p t i o n  Jas eliminated. 

VLlues  epec t r a l  i r r ad iance  for these  lamps are t abu la t ed  as a 
func t io-  of wa,ttlength i n  microwatts p e r  (square centimeter-nanometsr) a t  
a dietar:e of 50 cent imeters  from center  of lamp t o  rece iver .  Values of 
rpec t r a :  i r r a d i r n c e  fo r  wavelength i n t e r v a l s  o the r  than one nanometer, 
r a y  x nantrmeter 1, may be found by mult iplying the t abu la t ed  values  by x. 
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Use of the Standards of Spectral  I r radiance 

These standards requi re  no auxi l ia ry  optice.  I f  any a r e  employed 
proper cor rec t ioh  muet be made f o r  t h e i r  o p t i c a l  cha rac t e r i s t i c s .  The 
lamp i s  s imply  placrd a t  a memured dis tance from the  de t ec to r  o r  spec- 
trometer s l i t ,  I f  a d i s tance  other than 50 cbntimetms i s  used, the ' 

inverse-square law may be used t o  ca lcu la te  the  spec t r a l  i r r ad iance  
( the inverse-square law should not ,  however, be used  fo r  dis tances  
sho r t e r  than about 45 centimeters),  

In  measurements wherein two sources (a  standard source and a t e s t  
source) a r e  being compared by the d i rec t  s u b s t i t u t i o n  method ( s l i t  widths 
ke2t unchanged, use of the  same detector)  no knowledge of  the  s p e c t r a l  
t ransmit tance of the spectrometer, nor of the s p e c t r a l  sensitivity of the  
de tec tor  i s  required. It i s  necessary, however, t o  make sure  t h a t  the  
entrance s l i t  of the  spectrometer i s  fu l ly  and uniformly f i l l e d  with r a -  
d ian t  f l u x  both from the  standard and from the  t e s t  source;  and i f  a t  any 
w e  wavelength the  de tec tor  response for t h e  standard f e  s i g n i f i c a n t l y  
t i f f e r e n t  from tha t  f o r  the  t e s t  source, the  deviat ion from l i n e a r i t y  of 
response of the  detector  must be  evaluated and taken i n t o  account. Fur -  
thermore, i f . t h e  standard and test source d i f f e r  i n  geometrical shape, i t  
must be ascer t s ined  that the  instrument t ransmit tance and de tec to r  re- 
sponse a r e  not adversely a f f ec t ed  thereby. 
va r i ab le  i n  s e n s i t i v i t y  over t h e i r  surface a rea  and may requi re  d i f fus ion  
of rad ian t  f l u x s v e r  t h e i r  sur face  t o  insure accurate  r ad ian t  energy 
evaluat ions,  

Many de tec tors  a r e  highly 

A l l  c a l l b r a t i o t u  were made by t h e  use of a l t e r n a t i n g  current  and i t  
is.recormnended tha t  they be so used i n  service.  To reduce the  l i n e  v o l t -  
age a 20-ampere var iab le  autotransformer may b e  employed f o r  coarse con- 
t r o l .  For f ine  control  a second (5-ampere) va r i ab le  autotransformer may 
be used t o  power a radio-fi lament transformer whose secondary (2.5-5 vo l t )  
winding is wired i n  s e r i e s  with the  primary of t he  20-ampere trartsformer. 
It was fbund that t h i s  method i s  very e f f e c t i v e  f o r  accurate  cont ro l  of 
the 8.30-ampere current. 

These s tandards of s p e c t r a l  i r rad iance  a r e  expensive laboratory 
equipment and i t  i e  suggested that t h e y  be operated spar ingly  and with 
care i n  order  t o  prolong t h e i r  usefu l  life. 
and o f f  a t  reduced current ,  and g rea t  care  should be taken so that a t  no 
t i m e  w i l l  the  current  appreciably exceed 8.30 amperes. It le recommended 
that f o r  general  use,  working standards be prepared by c a l i b r a t i n g  them 
r e l a t i v e  t o  the laboratory r tandard supplied by NBS. 

They should be turned on 

These lamps opera te  a t  high temperature such t h a t  t h e  quar tz  envelope 
i s  above the  f laummle point  of organic materials. 
f i r e e ,  and a l s o  the  burning of l i n t ,  etc. on t he  envelope which m y  rmru l t  
i n  o p t i c a l  damage t o  i t s  surface.  I n  no caee ehou'ld t h e  f inge r s  come i n t o  
contac t  wi th  t h e  quar tz  envelop@, e i t h e r  hot  or cold,  ab the  r e s u l t i n g  
f i n g e r  p r i n t s  w i l l  burn i n t o  i t s  surfar  

They may thu8 cauoe 

:luring lamp operation. 

USCOWH-NBS -Dc 
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A New Standard of Spectral Irradiaxe 

Ralph Stair, William E. Schneider, and John K. Jackson 

'l'hi. Sirt i t intt l  I h i r t w  of Httrndurds haa iiiade available a new nttrridard of spctrvl irrtuliaricv 111 th, forrrl 
( i f  11 ?W-W quiirt,z-iodine lamp with a coiled-mil tungsten filament operating at about : W f K ~ ~ l c  arid 
t.:ililwiittvl ovcr the npectral range of 0.25 to 2.8 p. The calibration of this standard is 111i~1ii the 
r:idiri i ice  of n hlnckbody aa defined by the Planck lnw of radiation, since it waa done c . ~ ~ r r ~ r i t ~ r i ~ o r r a  
with the NHH standards of spectral radiance, of luminous intensity, and of total irrsrdiyrr~ (1. w c h  i d  

which WRE estnhlished through the use of blackbodies. This standard is ueed without H i i i i i i i l l ;  optir.a 
Rwaiise of ita small physical sire and high operating temperature, relatively high npec.'r:ll i r r a i l : m r ~ ~  M 

iiirip he oht.rtined t.hrnugh ita use. 

I. Introduction 
The preciee measurement of irradiance from a source 

requirea the use of a calibrated detector or a calibrated 
source which may be employed in a transfer calibra- 
tion. The need for a calibrated source was originally 
met by Coblentz' in 1914 with the development of a 
carbon filament standard of total irradiance. Calibra- 
tion and use of this type of standard have been sub- 
sequently reported by Coblentz and other personnel of 
the NBS Radiometry Laboratory.2- Accurate cali- 
hgtion vith thie type of standard requirea a detwtm 
with a nonselective spectral response. A thermopile 
heavily cnated with dull lampblack or carbon black 
meets t h b  requirement reasonably well from the near 
ultraviolet through the visible and near infrared por- 
tions of the spectrum. However, the relatively low 
sensitivity of tliermopilcs nnd other thermal detectors 
together with the fact that they are not entirely non- 
selective spectrally makes their use difficult for the 
evaluation of the spectral distribution of radiant flux. 

Considerable work has been done on the em'ssivity of 
tungaten ribbon and wire filament lamps,b-ll and, 
coupled with measurements of temperature, an ap- 
proximate etandard of spectral radiance or of spectral 
irradiance can be eet up. A number of laborsto~ea 
including the National Bureau of Standards have fol- 
lowed this pr~cedure.l*-~' In 1060, the National 
B u m u  of Standards developed a standard of spectral 
radiance1* in the form of a tungeten ribbon-filament 

The urtbon u o  in the Radiometry Iaborstory, National 

pedwd 18 Jolv 1087. 
TU -umb WI cpportd by II grant from tho U.8. Public 

H d t h  k d o a ,  D.protment of Henlth, Educath,  d Welfare. 

&Itmu olwlld.pdr, Wuhington 26, D.C. 

lamp calibrated by direct comparibon witti B thick- 
body, the spectral radiance of which is computed from 
Planck's radiation equation. These lamp stariddrdfl 
have found wide use in the calibration of spectroradio- 
metric and other equipment in which a small area, like 
a slit, ie to be irradiated. However, the use of this 
standard is limited by the small area which can be 
irradiated, by the low irradiance which the standard 
provides in the ultraviolet, and by the auxiliary o p t i s  
required. For many types of spectroradioniet :ic 
calibration, a standard of spectral radiance has k e n  
found to be very useful and wiii no doubt coiitiiittr te be 
useful. However, in many cases, a standard of Spectral 
irradiance is needed. To fulfill this need and to pro- 
vide a source of higher irradiance in the ultraviolet, a 
new standard of spectral irradiance has been devels3per!. 

11. Apparatus and Method 
Before proceeding with the establishment of a staiid- 

ard of spectral irradiance for the region of 0.25 to 2.6 
p baaed upon the radiance of a blackbody a t  a known 
temperature, we made a study of poesible lamp designs. 
First thought wau given to the specially constructd 
tungten-in-quarts lamp previously employed in t I-:< 

au a standard of spectral irr. Jia::ce 
baued upon color temperature and the publiehed qmI:n: 
emissivity data for tungsten. It was iwogniaed 
that this lamp had three principal deficiciicit.I;. its 
low operating temperatuw. poor optical quality aiid 
bulkinw of the quwts envelope, and dat ively large 
filament area. OiJy very low ultmviolet irradiances 
oould be m l i d  8:  3 epeotmmeter dit.. Aleo, since 

a funotion of ita rpeoifio ehape and iirface condition, 
eaoh t u m n  fllrment differs somewhat in rniist3ivity as . I  

Nawmbw lw1 / Vd. 2, No. 11 / APPUED OPTICS 1151 I 



Fig. 1 .  Quartz-iodine lwnp standard of sptvtrd irradiance. 

the computed values of spectral irradiaiirr were un- 
certain by aii indefinite amount. 

Attention was given next to lanips being made com- 
niercially. The General Electric (GE) ;\lode1 6.6A/- 
T4Q 1CL-200-N- quartz-iodine lamp (see Fig. 1) was 
examined and found to have acceptable characteristics 
for use as a standard. I t  is of robust coiistruction, in a 
small quartz envelope of relatively good optical quality 
so that the intensity usuaiiy varies h i  little uvei a 
considerable solid angle centered normal to the axis of 
the lamp. The filament is a conipuct coiled coil with 
over-all dimensions approximating 3 rnm X 13 mm. 
The small size of the lamp envelope (about 13 mm X 
5 cm) together with the small area of the filament per- 
mits placing the lamp within a few centimeters of 
the slit of a spectrometer. Since this lamp is being 
set up aa a standard of spectral irradiance to be em- 
ployed without auxiliary optics, relatively high ir- 
radiance at a slit can be realized simply by placing the 
source close to  it. 

Because of its high operating temperature, the quartz- 
iodine lamp emits a relatively large percentage of ul- 
traviolet radiation. The high temperature is made 
poaaible through the unique chemical action of the 
iodine vapOrls-‘!O which results in the return of evapo- 
rated tungeten from the bulb to the lamp filament, 
thereby keeping the envelope clean and prolonging the 
useful life of the bmp. The design lift: of thia lamp 
when operated at 6.6 A i~ SO0 h. For culibration 88 a 
atandad, the ourrent is set at 6.60 A which ueuelly gives 
a color temperature between 3OOO and 310O0K, oor- 
mpondiw ta a filament temperature around 3 0 0 0 O K .  

‘ l ’ l ic  citit.ul,lintiiiic!ilt ol‘ thc. I I P W  ntandarci of upectral 
irratiiuricr wan accomplistwd hy comparing u group of 
quartz-ioditir! lampH with threc. other type8 of NBS 
wtandardn, cach of which in h a d  upon the spectral 
radiaiicct of a h1ackl)ody corlipirtc!d from I’lurick’~ radia- 
t8iori cviuatiotr, wherein t h c b  rutliatiorr conntmts cI  = 
1 .!I088 X 10 

1 tic! group of cluartx-iodirit! lamps wan firnt cornpard 
tipcictroradiomctrir!ally with thcb N I H  standardu of 
spwti-al radiancc.” l’hc optical ttrrariKement is Hhowii 
i i i  Fig. 2. Additional details rntty he found in the rrf- 
orriico cited. To cover the cornpletcb spectrum from 
0.25 to 2.6 p ,  thrw detectors were employed. An I tCA 
typr 11’-28 multiplier phototube was used to cov(’r 
the raiigr from 0.25 to 0.75 p.  l o r  thr range of 0.35 to 
1.2 p, ttri RCA type 7102 rnultiplirr phototube wafi 
rmployed, while an Eastmaii I’hS cell was used through 
tlir range of 0.5 to 2.6 p.  To rliminate the  effect of 
spectral reflectance of thr two aluminized mirrors ern- 
ployed with the ribbon-filameiit standards of spectral 
radiance, two plane mirrors having identically prepared 
surfaces were used with the quartz-iodine lamps. 
Actually, plane mirror Mi was common to both optical 
systems (see Fig. 2). By this procedure, all instru- 
mental characteristics were identical or closely similar 
for the two types of lamps. Hence, the optical and 
electronic factors should cancel out in the procedure. 
However, it was found that the light beam from the 
quartz-iodine lamp passed through the spectroradi- 
ometer somewhat differently and irradiated a slightly dif- 
ferent area of the detector from that irradiated by the 
ribbon-filament standard. The beam of flux from the 

then diverged filling an appreciable part of the instru- 
mental aperture, and finally a t  the exit slit emerged as a 
divergent beam. The flux from the quartz-iodine 
lamp passed through the spectrometer and emerged as 

W amz/ntrlr a d  cz = 1.43w) cm°K. 
e ,  

i i b h i  fihiiefit coiivi~geb ~ f i  ~ t c r i c g  the ~ p e c t ~ ~ ~ t ~ r ,  

7 LAMP 
I - 

I I- 

SPECTROMETER 

OPTICAL BENCH 
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1 I ' :* 1. Spodrrl Irrrdlrncr of Thrrr 200-W Qurrtz-lodlnr 
Tungstrn-Fllrmrnt lamps' 

\\ in t h g t . h  
(11111) 1,lU11~' QL-3 1,lrlnp Q J , 4  1,Ullrp (JI,-lO 

~ 

0 0051 0 0052 0 OO51 -,to 

m 0 W!K1 0 0 0 0 : 3  0 .  o()!H) 
270 0 0 1  55 0 015!) 0 0155 
"KO 0 0'253 0 (Y'52 0 0244 
2w 0 03HO 0 0:wo 0 OM!) 
300 0 0545 0 O54H 0 0532 
3 %  0 104 0 .105 0 102 
3.w 0 237 0 .  242 0 '234 
370 0 :{ti(\ 0 374 0 363 
400 0 643 0.647 0 630 
450 1 "8 1.28 1.23 
.Ky) 2 04 2 04  2 . 0 2  
550 '2 !)9 2 I10 2 91 
60 3 .88  3 94 3.RR 
li.50 4 .  ;!I 4 ! ) I  1 80 
790 5.54 5 72 5.5R 
7.50 6.11 6 32 6 .14 - 

sno 6 51 6 69 6 41) 
yo0 6 73 6 94 6.71 

loo0 6 51 6 73 6 .53  
1 1 0 0  6 07 6 . 2 5  6.11 
1200 5.53 5.67 5 .55  
1300 4.97 5 . m  4 .98  
1400 4.44 4.52 4 .44  
1500 3 .93 4 .00  3 . 9 3  
1600 3.46 3.51 3 . 4 5  
1700 3 .03  3.06 3.01 
1800 2 .63  2 .65  2 . 6 1  
1900 2 .29  2 .28  2 .26  
2000 1.98 1.97 1 . 9 5  
2100 1.73 1.71 1 .70  
2200 1.52 l . 5 1  1 . 5 0  
2300 1.36 1.34 1 .33  
2400 1.22 1.21 1.21 
2500 1 .12  1.10 1.11 
2800 1.04 1.03 1.04 

.vr 

0 In p W  per cm* per nm at a distance of 43 cm (measured 
from the axh of the lamp filament and normal to the plane of the 
lamp prem) when operated at 8.50 A. 

an essentially narrow "pencil" of flux, thereby being 
confined to  a small part of the instrumental aperture 
and falling upon a small area of the detector. As a 
result, difTerentia1 transmission within the spectro- 
meter and variatione in the sensitivity of the detector 
over its surface area+ resulted in small errors of un- 
known magnitude. Hence, the resulting spectral 
energy curves for the quartz-iodine lamps, obtained 
by this method, iequire adjustment. 

Three methods for determining the corrwtion for the 
obeerved &ta were pursued. They are : 

(a) Direct comparison, without the iiae 0 1  a epec- 

-- 
Much at the variation of the detector wnnitivity VIM elim- 

inabd by placing in front of it fi quartz p b b  finely ground on 
bauI f u r .  

t.rornct,cr, of the cyartz-iotiirre Iarnpr wi th  ttw ri tJ lHJIi -  

filarricrit Iarnpn hy a thermopile and filter method, 
whcwi r i  selirctcd Hpectral regionR were compared radltk 
rnct~ric!ally, ' I ' h i H  comparimn WBH accompliahd hy 
focirsing an irnagt: of thc ribbon filamcnt on the receiver 
of thr  thermopile by mean8 of the two alirminum mir- 
rors risiially employed with the st,aridarrl of Hpectral 
radittricr. 'L'lic~ cliiartz-iodine lamp directly irradiated 
t.lw tlicwnopil(: rcrcpivcr. ( 'orrtrcticiri was rriarlc: for t t i r :  
spectral rc!flcctaricc. of t h v  two aluminurn mirrors. Thc 
ratio hetwcwi the t w o  radiometric rcadingq gavr: a 
11icas11rc o f  the relative spectral intensities ( J f  thc two 
soiircos for the different tlpectral regions dc4irrr.d hy the 
filtwi mployed. 

Measurement of luminous intensity as compared 
to calciilated lirniinous illtensity based upon t he spectro- 
radiometrirally determined curve and the spectral 
luminous efficacy of the CIE standard observer. This 
method gave an independent evaluation of the rjpectral 
irradiarice of the quartz-iodine lamps in the visible 
spectrum based upon NBS standards of luminous 
intensity, which had been assigned values by measure- 
nients relative to a blackbody at  the freezing point of 
platinum.2' 

hleasurement of irradiances over selected spec- 
tral regions by employing optical filters and a ther- 
mopile found by comparison with a cavity detector to  
have a relatively flat spectral response and calibrated 
though the use of the NBS carbon-filament standard of 
total radiation. This method afforded an independent 
evaluation of the spectral irradiance from the quartz- 
idine !ampa based upon t,he NB8 standard of t,ot,al 
irradiance and the blackbodies used in its establish- 
ment.'** Corrections ranging from 4.2 to 5.3% and 
nonselective with wavelength were indicated by the 
three methods. The original spectroradiometric data 
were accordicgly corrected by 5.07,. 

111. Results 

(b) 

(c) 

Spectral irradiance data obtained on three quartz- 
iodine lamps are given in Table I in rW/cm* a t  a dis- 
tance of 43 cm (measured from the axis of the lamp 
tilament and normal to the plane of the lamp press) for 
a wavelength interval of 1 nm. It is estimated that 
the maximum uncertainty in the results ranges from 
ahout 8% a t  the shortest wavelengths in the ultra- 
violet to  about 3% in the visible and infrared. The 
data have been corrected for the water-vapor absorp- 
tion occurring at or near 1.1, 1.4, 1.9, and 2.6 P.  NO 
Rignificant radiantenergy absorpt ion occurs a t  other 
wavelengths because of other gase% normally present 
in the usual laboratory environment. 

The quartz-iodine lamps may be employed at any 
convenient distance by computing or otherwise deter- 
mining the irradiance at the new dintame. The in- 
veme square law should not be applied ta theee lamps 
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for distaiiccs shorter than about 40 cii . 111 itiost :to- 

oratory atmospheres the correction I r ) ~  wa tc r -vapr  
absorption will be small for distances of v t h:rn .-dl cm. 
However, for greater distances and uridr.r ronflitions of 
high humidity, a correction may hc recliiirrd.22 The 
relationship hetween the apparent absorption of water 
vapor (as indicated in a prism spectrum) mid the 
amount of vapor is not a simple one, sinw each absorp- 
tion h n d  really consists of many fine lines of unequal 
intensity and irregular spacing. Furthermore, the 
attenuation at any wavelength due to water vapor is a 
complicated function of the preeeure, temperature, and 
concentnrtion of the vapor per unit volume. 
Aging teats conducted on three quartz-iodine lamps 

indicate after 100 h of operation an increase at 
6.50 A of leas than 1% in total irradiance, luminous 
intensity, and ultraviolet irradiance around 360 nm. 

IV. U u  of the Standard of Spectral Irradiance 

Each quartz-iodine standard is marked with an  iden- 
t i f h  number at one end of the lamp. The lamp is 
mounted in a metal support and is calibrated with this 
muted end down and with the plane of the front sur- 
f- of the lower press seal set to contain the horizonta! 
perpendiaular to the line connecting the lamp fila- 
ment Uia and detector or spectrometer slit. The 
h p  tip seal is positioned away from the detector or 
rlit. Precise setting of the k m p  aa regards to verti- 
d t y  and to rotation about the filament a an axis 
m hportmt, since a few degrees dieplacement may 
radt in an e m r  of 1% or more. 
The current is eet at 6.50 A ac, and the lamp is al- 

lorsd to operate for at leaat 5 min before data are 
IWOW. Any convenient method may be employed 
to aonfrol the w m n t ;  however, the cimuit illustrated 
in Fb. 3 h~ k n  found very w f u l  in thia laboratory. 
It oolyjrtrr of two variable autotmnaformera ( S A  and 
&A tmpacitics) -4 a mdQ fihment transformer. 
(~ah.lt of o center-trp9ed 6- or 8.3-V reaondary ha# 
beun f o d  to be wtirlmtory for rmooth oumnt mn- 
trol.) If a a V  rtspdorn truufomr ir available, 

V. Conclusions 

‘I‘hv cl1iurt.w-iodirrc lamp in a i iwful  working staiidard 
for i i w  in nprctral irradiaiicv micaRiiremcntn within the 
rep;ioii of 0.25 to 2.8 p.  ’l‘h(. methods of calibration are 
hancd upon indirect coiitparinorin with the radiance8 of 
hlackborlicw and t h u n  do riot invdvf: (:valuation of 
filamrrit. t.rinpcrature or tunKstcn emissivity. The 
principal irnc:ertairities in t h e  results are due to difficul- 
t h a  involved in accurate blackbody high-temperature 
rvaluat,ioii rind precise current settings for the various 
lamps. The  maximum uncertainty in the rerrulto is 
c4rnatrd to range from about 80/, a t  the shortest 
wavelengths in the ultraviolet to about 3% in the viAible 
and infrarrd. 
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[late:  June 17,  1?66 .-.-- 

CUKiTT TY - 

Vend'7r: 

DESCRT PTIOTJ 

:;b.l?rpc! T- t 
Barnes Engineering 
30 Commerce Road 
Stamford, Connecticut 06902 

!-ustorcr's "urchase Order No. C 16272 

'.: .P .:! . C r r i e r  No. POA 4472 

1 !%lA-Ol-l4-03900 Mul t ip l i e r  photo tube 

Serial Number I 

I hereby c e r t i  fy  the  above mater ia l  ( s  1 
have been manufactured i n  acmrdance 
with and meet t h e  required s p e c i f i c a + ; ? - ( c ) .  

Fr incetc  n Division 
E L F X T R O ~ J E C H A ' J I  CAI !II;.SFAI!CH, T NC , 

Name of  Vendor 



Photocathode Mater ia l :  C s  Sb "v i s ib l e"  

Window Material I 7052 

Spec t r a l  response: seo attached curve 
Cathode r ad ian t  s ens i t i v i t , y  a t  11'30 
Cathode quantum e f f i c i ency  a t  4lOO R 
Cathode r a d i a n t  s e n s i t i v i t y  a t  2537 
Cathode quantum e f f i c i e n c y  a t  2537 
Average luminous s e n s i t i v i t y  2 

8 
A 

17.9 
WA 

Current  mplification1'2:  see attached curve 
Amplification log  a t  1560 v o l t s  *Dark Current 
Amplification 10 a t  217L; v o l t s  Dark Current 

v o l t s  Dark Current Amplificntlon lo8 a t  29Lo 
Amplification 10 a t  v o l t s  Dark Current 

7 

MAXI!Wl OPERI\TIONAL RATI?GS 

supply Voltage8 ?hOO volts a t  20'~ 

Supply Voltage; 3600 volts 
Anode Current rn 

MAXniIUM RATINGS (ABSOLUTE-MAXIMUM V A L U E S 1  

T- v a  ture t ?S°C 

NOTES a - Pter NA when not  appl icable  

*Measured a t  20°C 
See schomatic diagram for voltage d i e t r ibu t ion  

A 

I Hereby C e r t i f y  The Above 
Data is  True a n d  Correct. 
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CWVFICATE OF CQMPI I ANCE 

I 

Date: June 23, 1966 

!%B -01-~-03900 Mul t ipl i e  r Pho ta tub e 

Vendor t Electro-Mechanical Research, Inc. 
PRINCEMN D I V I  SI0 hi 
P. e. Box WI 
Winceton, New Jersey 

Shipped Tot 

Barnes Engineering 
30 Comerce Road 
Stamford, Connecticut 0690Z 

Custoner's Purchase Order Nom c 1682 

E.M.R. Order No. PO& L472: 

QUANTI TY I DESCFU P T I O N  

SeriaI Number 

8639 

- 
I hereby certity the above material(s) 
have been manaactured i n  accordance 
with and meet'tbe required specif icat ion(s) .  

Princeton Division 

N m  of Vendor 

ELECTRO+XCHANI CAL RESEARCH, I NC . 



I 
Princeton Divinlon 

El ec tro-Mecha n i cal. R e 8  serch , Tnc. 
Test Data Sheet 1 of 1 

I 

Tent  Technl c i a n  n a r t  /< 'Date 6/22/66 > 

A c v u n t  Number 2041-4lr 72 Serial No. 8 639 
@I&' j t y  A S 6 U ~ n C e  Approval 6/37/66 POA NO. 4472 
Reference Spec. 
CHARACTERISTICS 

Spectral  Reeponre: see attached curve 

Cathode radiant reneitivity a t  4lOOA: 88 .h x10-3 A/W 08% 

Cathode radiant aenaitivtty a t  253741: NA x lO4  A/ W 

Cathode radiant renritivity a t  6300A: 30.8 ~ 1 0 ' ~  A/W 

Average luminoue sensitivity 139 ua/lumen 

Cathode quantum efficiency at 4100A: , 26.8 % Z C  

Cathode quantum efficiency a t  2537A: NA 70 

Cathode quantum efficiency at 63001:  6.07 % '  540 ' 

Current  Amplification 1 2  9 : eee attached curve 

L 

- Amplification at  ifloo volts,  'Dark Current: 7 - 7  
Amplification 
Amplification 10 at 3300 volt r ,  Dark Current: 2,OxlO-8 A 

Amplific rtion 

a t  9 ~ 7 0   volt^, Dark Current: 2 .oz -9  

at voltr , Dark Current1 
% 

2 

MAXIMUM OPERATIONAL RATINGS 

Supply voltage: 3600 volts a t  20' C a n t t g t a e  
t 

MAXIMUM RATINGS (ABSOLUTE-MAXIMUM VALUES) 

8 ,  ,I 

' 

' j  

I 

c * .  
? 

I Supply voltage: . I  

i d  
'It I: Hereby C e r t i f y  Th- Above-, 

Tempe rotur e : 75' Cantigrade ' Data is'True and Correct/; ' .'; 
Anode Current: 

v 
P RMARKS : 1 

f 
, Ir 

, . Qua33ty b&anoe Group Leader j' NOTES: 
NA: Not Applicable k r  

lSee rchemattc diagram for voltage dirtrtbution , 
, r  ' , + 'Msarursdat  20. Contigrad. Form E-1 1 (  
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