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INTRODUCTION

We are presenting here a temporal history of the output of the Ion-

Electron Detector flown on Explorer 12 by L. R. Davis and J. M. Williamson.

The satellite was launched on August 16, 1961 and ceased transmitting

on December 6, 1961. It had a 33 0 inclination orbit with an apogee at

13 Re which permitted it to cross the boundary of the magnetosphere

twice on each orbit. Its orbital period was 262 hours. At launch the

line of apsides was pointed in the direction of the sun.

DETECTOR

The detector is a scintillation counter consisting of a photomultiplier

tube on the face of which is deposited a 5-mg/cm2 -thick layer of crystal-

line ZnS covered by a 1000 A thick layer of Al. A wheel driven by a

stepping motor introduces varying thicknesses of Ni absorber between the

collimator and the phosphor, thus permitting acquisition of energy infor-

mation on the incident particles. The wheel also carries three Au discs,

which in some wheel positions scatter the incident flux entering through

an alternate collimator into the phosphor.

A collimator allows particles to enter from a viewing cone with a

half-angle of about 110.

There are three modes of operation:

1. Pulse output from the anode measures the number of incident protons

above certain energies.

2. Normally the eighth dynode current measures the total incident

flux from both protons and electrons.
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3. Electrons can, however, be selected preferentially by scattering

the incident beam of both protons and electrons from the Au discs. In

this mode of operation the eighth dynode current measures the total

incident flux only due to electrons in the energy range between 20 and

100 kev.

In all three modes of operation the energy cutoff can be raised by

introducing varying thicknesses of Ni absorbers mounted on the wheel.

The lowest detectable proton flux is about 10 3 p/cm2 sec ster. The

minimum detectable electron flux, however, depends on the energy of incident

electrons and varies from 3.6 x 10 5/cm2 sec ster at 20 kev to 1.4 x

10 5 / c!"','- sec ster at 100 kev.

The proton cutoff energies of the detector are defined to be those

i

energies at which the efficiency of the detector with a particular absorber
4

in front of the aperture is 50%.

Owing to the directionality of the detector and the spin of the

satellite, it is possible to measure the pitch-angle distribution of

particles if the direction of the magnetic field is either known experi-

mentally or can be calculated.

A complete set of information can be obtained every 83 seconds.

Table I summarizes the salient characteristics of the detector. For

a more detailed description of the detector the reader is referred to

other publications listed in the Bibliography.

•
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DETECTOR RESPONSE

The response of the Ion-Electron Detector has been presented as

three sets of curves.	 These curves are made up of data points at	 inter-

NELr., vats of 83 seconds connected by straight lines except when data is

.' missing for more than several minutes.	 Each point corresponds to a value

obtained after a filtering algorithm is applied to 16 readings recorded

during two and a half rolls of the satellite with one particular absorber

wheel position in place. In practice this usually represents the maxi-

mum of the 16 valid readings. Since in the trapping regioa the pitch

s	 angle distribution is usually peaked at 90 local pitch angle, the de-

tector almost always can see the 90 0 pitch angle. The curves therefore

^s correspond to the intensity of locally mirroring particles.

The two sets of curves marked "Direct Geometry Current” and "Proton

Intensity" were obtained simultaneously with the same absorbers by

recording the 8th dynode current and pulse output of the detector. The

highest curve - corresponding to no Ni absorber in the path of the incident

radiation - has been multiplied by a proper factor to take the different

geometric factors into account.

The curves are ordered according to absorber thickness with the

response with no absorber at the top and the background response with

.OS aluminum plug in front of the detector at the bottom.

For the "Direct Geometry Current" and the "Scatter Geometry Current"

the lowest possible response corresponds to the background current of

the photomultiplier tube. In the case of the "Proton Intensity" curve,

the lowest response is zero counts during the storage period and is
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represented by a point a decade below the count rate of 10 3 protons/cm2

sec ster. It should be pointed out that one source of background is due

to penetrating cosmic rays at a level of 10 3 protons/cm 2 sec ster. The

other source is due to penetrating protons in the inner belt and enhanced

electron fluxes in the outer belt.

The "Scatter Geometry Current" consisting o: three curves is due

to electrons only. The lowest (fourth) curve in that group is the same

as in the "Direct Geometry Current" and corresponds to the ;penetrating

background.

To guard against incidental noise a filtering scheme was imposed

on the data but as can be seen occasional noise spikes still do occur.

PARAMETERS

In addition to the linear time scale there are two non-linear scales

representing the radial distance and McIlwain's L parameter cn the bottom

of the plot. Other curves represent parameters derived from the geomag-

netic (G) and the solar-magnetospheric (S) coordinate systems. The

latter is defined such that the X-axis originates at the center of the

earth and is pointed toward the sun. The Z-axis lies in the plane defined

by the X-axis and the geomagnetic dipole axis. The Y-axis is perpendicular

to the X and Z axes and positive in such a directi,,n as to form a right-

handed coordinate system.

The parameters represented are:

(1) Geomagnetic latitude and solar-magnetospheric latitude with P

and N indicating positive and negative values.

,. ,..L̀ ,̀ . `: l ck3tu :G4^di^	 aLMv3"s.
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(2) Geomagnetic and solar-magnetospheric local time. Zero is

	
s

defined to be at the noon meridian.

(3) Distance of the satellite above the geomagnetic or solar-

magnetospheric equatorial plane. N denotes a position below

and P above the plane.

RESTRICTIONS

When viewing this data it is important to keep in mind a number of

restrictions and limitations to which this data is subject:

1) Detector response to earth light. Without absorber in front

of it, the detector is sensitive to earth light. In particular

this can be seen to be true for the channel with the lowest

threshold. Typically this condition occurs on in-bound passes

when periodic spikes or waves can be seen to be superimposed on
	

s

the 8th dynode direct geometry current represented by the top-

most curve.

2) High intensity electron fluxes can produce pile-up in the detector

that looks like a proton count rate.

3) The detector reaches saturation at about 104 counts/sec. This

can be seen as a flattening of the detector response at low L

values.

4) High intensity spikes can be seen beyond the magnetopause and

in the magnetosheath. Even though a filtering scheme was employed

to guard against noise it is clear that not all noise was removed.

Thus while some spikes are undoubtedly real,others are produced

by telemetry noise, in particular since the satellite was at

is
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its farthest point in orbit at the time of the transmission.

ERRATA

Below are noted some errors which occurred during the processing

and/or plotting of the data. There may be others which remained un-

recognized.

1.. 1961	 9	 3	 0105-0120

Extraneous data
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..z t^s ,... .,... ...a,.s. rc n^s^ ..'.^aY^:kw;v, kF^^k"^.rs13^'-^6hxt3̂k.^.ti	 ^ 	 `*^a^.i.^.}.€v^.s'^;.E%hx• 	
p	

r.^	 E. "^



-VOZDOUT n.4a 
q

A. APM 1 V t iv

''w•7low .r"

7	
i

( 1/.	 1	 ..	 1 ................... I ......... Is ........ I ......... 1.......

^1.^.	 1	 1 . . . . . . .. . 1 .........1. 	 .I: .......1,...... .1..

v	 -



E XPL0RER X I I - SS	 1	 1
START	 1961 10 30	 STUP ^ 1961 18 31

UT.IA	 14

10 ,

^ 103

10 ^

Ioe

10♦

DIRECT GEOMETRY CURRENT

k9,^ a

W ^. 61
G H

0 4
a W 2J °

36

30

^ 024
H

c c 18
3E0° 121

J
61

MOIL -

le

^ ICs
t

103

0 IC'

^ 10♦

SCATTER GEON ETRY CURRENT_

v

^ • y
`

toe
T^ 

10

H IOe

O W IOs
d	 10+

103

PROTON INTENSITY

16

14

12

10
0:
	 13
N 6

4

2
Sp rp

0
U.T.10	 14

	

DIST.(Re)	 ............................... 	 ........	 .........	 .........	 .........	 ......... Ila.

	

L (Re)	 i .........  ......... i ......... Is ........ , ......... I ......... I......... 1 ......... I,.0........ 	 ......	 .

.:'	 a-	 ti L 7	 '^(«4!',1+>A.,s*+,f,,	 t"3'y.t'. $'^ fi if..x.? J.w }% . aT 	}p^pgi ^t	
r 5
	 x a	 ,^:.

`"	 °"	 ^	

7	
^, ^fiz°^, ^.g f bF. k ti k^ ty f^<#'4fi ^'^^t^^^..Yk r^r`"i 

y 
^^ ^ {3f ^^t, f 't	 ^,.f	 ^

,`'	 ^L Uzi}	^ Fy`"I ^r^,	 ^	 t f'^	 ^	 .='x	.y^^'^t„`+^^ ^s?t	
k^,,	

r:^

	

Y^i
t4` 

ta8.7(iry5
	 t	 f ids	 r.^t..a, tr	

}=.



E

°mri

31
	 fig t ..,,ti,/ .

	 t '	

•

	

1R	 22
wArA%uerav wfi.aar&.qp
vrvmrr ^•	 vvrw.rr^.

v kA

. NC/►urTeV N AseluT

I INTENSITY

18
	

22



III1^.

I

2	 V	 i'^^R ^	 ^	 ^

r

ov

v

IMA

r

TJ ^^	 ^ 1	 ^ ^^	 1^

2 6 1^

. .	 .	 .	 .	 .	 .	 i	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Ira.	 .	 .	 .	 .	 .	 .	 .	 r	 ..	 ,	 ...... i	 .........	 ^....

R}`^{^ {	 { `t	 i -F	 ^ h.
f^15f.'.Q

'
^ K^ ^	

p	
^	

.^^k	
^f 	 .1	 J 	 C

^	 '^f1	
r^	

q
q,,. t.,	

r

^F	
p

*_	 Y	 ,^
_	 f

f.	 s7'	 8f,	 i 	 ^d r	 t	 t^9 i F	
^r

.
i2	 M1 J	^ Cox.	 ^..	 y	 F	 '3

^

^

^$ 	 i r	
..	 al l 	 , • ^	 x	 r4^ _	 t 	 .:. .1	 r.	 d A	 -	 L	 ^r^ ^'`,,..	 : 1.



x 4cz . t ^' r °^^'°^"^ is ,
	 t

1	 d

^	 c
tLL-

u

+rl^rr.

6
	

10 PwAo	 14

WV ,.3

N r •

10

	

I,a ..... . ..	 ...........................I ......... Is........^.........^.......
• a .	 .	 ...	 ..	 . I ..... .

i

14



ut.12
104

t
W 1^
9 10'
b we

FE le
•

STOP	 1961	 11 1

16

EXPLORER X I 1 - S3
START	 1961	 to 31

DIRECT GE01E RY CURRENT

M^ +\^	 • r	 n. 	 • ^I

.SCATTER GEOh ETRY CURRENTle
id8

W Id♦

I Kr"

b 1^
Z
o It>i

10e
Te 107
W
H 10e

W 1osH
IL "	 104v

10s

^MIOTON INTENSITY

i t -•mss ' ^ t

VVVI
1 V• ^	 1N1 .̂ • A.

t-As
y
W
5

J 0

W
V N

N
ZJ ^
t'^	 W200

16

14

12

10M

13
N

6
4
2
0

U.T. 12
DIST.(Re)

L (RD)

16
r... .....^........•........Is.+.... .r.	 .....r.........I......... r .	 ...	 .Ira.	 r

.,,.Mr......... r ......... 1s....... i ......... r ......... r......... r......... Its ....... 1 ........ .

	

_'fir! ¢ C .,

	 ::,^§4x ^ ^a ^ S ^e^ 4^ ! 
d'^d Y,j^ ^ ^y3 ^ ^!Y'Pt^ i f 3a "^	 ^ ^ y:,`

P	 ,i	 h	 .	 'F,	 1^f,r	 #	 s	 ^'	 i t	 a



'Y CURRENT

s OAS
r 29
	 0	 4

fire ,:

v

^=- =-- Q ^r

20 8 4	 '

'd	 5pt y	 1	
v	 t	 8r	

t q Y,.^ ^'f^ # ,^ tp3 r̀ 	 J
WI R ' f 	 ,

91s.	
,^.. Y :	 r ^ ^q P'"?	 ; s	 t	 a-t	 .^ ^'^

	 q ^ ^	 -s^.
a S;	 ,+ ' H

i'v`IL



rl1w.

A4	 8	 12

op •• i
r ^

4	 8	 12

IN
^.	

^	 ^ ^	

^	

.. }tte a ^.: ^	 ^^, S6 ^4	 g'^ ^ s ^a^^ >Y'^^'^ ti } M ^"° , ^< " '-^ '^

z	 4 ^:'	 t `

{	 a



Alw

IV VAj&,.i

12	 pftk^
	

16

r ^	 M

Jo- • I	 v
I	 r '

^'

A	 w

i

12
	

16

.^v	
§'^.a^", ^^ a°m rT; xr	 o i.,	 - e	 ,^ ^+'^	 t^5.'	 I^.fi^f gw^r	 ^'

'^.r t	 ^ •	 r	 t ^ ;^ '4F9^ ^ a	 .^^ A w
	

;	 r	 ^Rt

	

,,. ,^^_.. , _ .. a^^.,. x,^..x:^,^o-:^tt^^£ia^: ^ .^.sii^s^c#3$'+^^	 '	 ,#	 -%^s^i.""^̂
'^^,^ ^^kw ^.r^'`^"' ^^,^^^a ° >^f^'^,:..t

	 ^'^ a^ „^^t• a '^'^tY



EXPLORER X I 1 - S Y` •^
 'M.NM I

STAR T 	1961	 11	 1	 STOP	 1961	 11 2

U.T.15	 19

10+
IL 10^
a

W I^

DIRECT GEOMETRY

^'
r

1 Arl

IC ^
b 10-e

m 10♦

rRV I Vlq IIr I CIr^I I T

i^
rV

10e
^w 107
W
H IOe

o W 10'
°
a:

-	 104

D
	 v 103

o 
N 6

^w 4

a ow 2J OV

36

30W
24

W  Wtwo
^o	 12,0

J
61

Askilt

10♦
^ 10^

10^

10?

° 10♦

m 10♦

SCATTER GEON ETRY

' - s
1 -01 A 1

n

n i

16

14

12

10

v:	 8
N

6
4

2

0

U.T. 15	 19

	

DIST.(Re)	 ...... .........	 ..................	 ......... i ......... i ......... ^^...	 .I

	

L(Re)	 ..... ,_. ......... I s ....... i ......... i ...............	 ... I ......... I t •....... i . . . . . . . . .	 .......	 .



3
F

23

961	 11 2
23
	

3
DIRECT GEOME rRY CURRENT

1

SCATTER GEOMETRY CURRENT

PROTON INTENSITY

s	 ^'e

r



Mrs.

FOLDOUT 	 3

Y N"1

1

1

pi

1

i

1

	i u",q	 ,s, .vk "a °x	 'v S	 `,P	 o	 x;=i Gfs'f^i. 	
9	 ^^^

^' s^	 ^ ^	 » q ^ ^^{ s^ t'^ k:

h	 ry ^	 yf
	

6''^ ^' j Y	 A	 ^$4^t^ fe :'	ra C	 '°y^Ft ^^ t	t'^^4^i'^77 C +̂' y ^Ast^^}'yf'^	 ^>.y	
j
1^

:y	
x	 i; 7	 ,Y x ^i	 1{^x^" r ^i	 `a	 v 	̂ .vs:a	 4	 s	 r +^j ^, ^+.t^j ^^^'1

	

'	 ,,y f:x ^ +><y ^^ y^i7 ^^ 	
^	 ,<	 ',c	 1 ^;	 ^,^y`	 F..	 ^ ^. 'is °	 (^ a 3 ^ ay. }_ a,	 h , ^.^75,	 xl r,'^'=



'
/

AIW -

«	
1^

Awl

.=

`	
N

}	
^

^

^

'

'

19	 +	
.

.	 `



EXPLORER X.11 - S3
START	 1661	 11 2

	

STOP	 1661 11 3

	

21	 xg

mll^e_

U.T.17

16' ' WRECT GTOME RY CURRENT
104

W

10^

d

i

no
101

rA t; 104

10°

104
v 10a

PROTON INTENSITY

.^ .. n
VITT

Mr 7

21	 1

...t..... ..t.........t......... li........ t .......... t .......... t ..	 ..... t ..... 

w.r...M......t........ .1......... t......... 1 .......... i t s .......  1 . .. . . . . . . 1 .	 .

fWAW

p W
Ps4 Iil
J ^OV

2

W
Z ~
^ ^ O
J

16

14

12

10
•

6
N 6

4

2

0

U.T. 17
DIST.(Rt)

L (RD)

.,—=y	 .:+&^	 .:,^s	 f	 i 	 {	 .1	 tR^T zt"'*""A	 ^+ ^'. ^^`	 14?	 .gA^ry g
^ d..	 ,^^'Si	 ',:^ r z^{	 '^	 ^xs.r,^o AA	 A+. `̂ >^5'^1 ^° .i t^ i4	 ft 	 T^G' gr ,? t^ i^`L	 ,Y^

	

^	 ,,	 z	 r z 	 4r	 r

	

. Y	

^ p^,7^,.	

^	 ''..	 '^^	 ^, ff !, 	 ^^^¢:d+ ^^ € Wf	 .^	 "	 ^>^	 ^ fl, '̀  ? r ^ t	 ^xir4 ^ 'n±"`.	
.`.1

:ia!s&"sf.

FE



A'' T̂RAIM, a.,	
9

i 5 9

K.	 1,

	

Mqc t o f	 '° t^ tF t 9 d, s	 3v F; + it .ir1	^¢'^o ^

	

s	 ^	 r a;	 r r
s s'd	

^, 3	 l 

Yi	t	 k wr	 rws: tk 	 ,



^IIM^t_

9
	

44", UT FRA= 13 13
	

17

r

^ ' t-

..........

9	 13	 17

f, x	 pn py,

`^	 t` + ^^,,5	 °#^ ^'*^xi {g rz {"'	 ^ 	
r	

^	 s	
)T °

ry. ^ ^r 4 r'1^	 :^	 ate	 -^

	

^ Y t 
t#^^^ t ,	 ^	 ^.,. t f: t ri.	 ^	 '."t	 ^4a xC^ S F x	 ^	 s ^	 r'

	

.. l.^: .x... s.^ ...x,x,:a ha^t^iu^S;iti^^ix.n$,,.?L^N^§.t^'YsS':f^sh	 ^ t	 !^^.,`:^? -^x^^*tom»^.i ^ (	 ia^r`s.^t^^;	 ,•t a': k3dlk s^•`
^.,a

" }"^,•, ^`s€a"dǹ-^t^v 4ss ^u
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