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I. INTRODUCTION

The choice of the proper converter (i.e., bremsstrahlung
target) thickness and the proper converter material depends
on both the experiment being performed and on the back-
grounds. Any choice will be a compromise between the
factors listed below. In many cases, some relatively
obvious alternatives will have both positive and negative
features. It is quite likely that no decisive feature will
emerge, and that one alternative will be chosen arbitrarily
in preference to spending the excessive times probably

necessary to find the optimum condition experimentally.

A. Low Z vs. High Z; Collision Loss

One of the easiest choices to define is that between
low Z and high Z target materials. To a first approximation,
phe ratio of bremsstrahlung to multiple scattering is
independent of 2. If the usable targets are thick enough
for electron energy loss variation to be appreciable,
high Z targets are to be preferred. (This is probably the
case for targets as thick as 0.002 radiation lengths.)
It is conceivable, although unlikely, that photonuclear
events in the converter could produce annoying background;
if this were true a material with a high photonuclear
threshold (and therefore probably a low 2) would be better.
On the other hand if secondary Compton scattering in the

converter were a factor, high Z materials would be better.

P
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It should be noted that the mean electron energy
loss due to collision is not a source of error because the
mean energy loss is relatively independent of eneigy. Thus,
the primary électron and the post-bremsstrahlung electron
together lose a constant mean energy independent of where

in the converter the photon originates. However, energy

loss can introduce an energy uncertainty because there is
a spread of about 20% about the mean energy loss and
because some electrons lose considerably greater energies.
A high 2 material is better because the radiation intensity
is proportional to z2 whereas the energy loss (which is

caused by collisions with electrons) is proportional to 2.

B. Target Thickness and Background

The choice of target thickness is much more complex
because it is based on a compromise between the background,
the resolution,and the counting rate.

consider first five sources of background.
Type 1. The majority of incident electrons pass through
the converter without interacting and enter the sample area.
The position at which thege leave the spectrometer, and the
direction in which they go depend on the spectrometer
magnet setting. If the spectrometer field is 1argef, this
background will probably be smaller; on the other hand,
for a given gamma ray energy, a larger spectrometer field'.
implies.a higher :energy incident electron. beam which might
produce more:babkgroﬁnd;:.This.backgrOund can: be reduced by
reducing the incident electron beam (and compensating by using

a thicker target).
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Type 2. The converter background from non-bremsstrahlung
events (mentioned above in the discussion of low Z vs. high Z)

is probably negligible.

Type 3. For sufficiently thin converters, the non-
ﬁonochromatic photons (i.e., those corresponding to
electron energies not being accepted by the electron
detector) produce background events when they interact with
the sample. (The sample would give the main effect Lf the
true events being detected originate in the sample.) For

a given iﬁcident electron energy, the ratio of true events
to this background cannot be changed (if the converter is
already thin). In many cases however, using relatively
low incident energies will reduce this background by

reducing the unused high energy photons.

Type 4. For thicker converters, some of the electrons may
be multiply scattered to such an extent that they miss the
electron detectors. In this case, background of type 3

increases relative.to background of type 1. (In some rare

resonance reactions, it is conceivable that the photons of

the correct energy, whose electrons have not reached the
electron detectors, would contribute anomalously to "chance"
events.) This type of background enhancement can be

decreased by selecting higher energy post bremsstrahlung

electrons.




4.

Type 5. Low energy post-bremsstrahlung electrons may
cause background by hitting the spectrometer after having
suffered excessive multiple scattering. This background

is probably negligible inasmuch as its energy would be

very low. It can be influenced only by changing the target
thickness.
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II. RESOLUTION

The resolution enters the choice of converter in two
ways. PFirst, if type 4 background (due to multiple
scattering) is serious, it could be ;educed by detecting
a higher energy post-bremsstrahiung electron in the
spectrometer. This deviation from perfect dispersion
matching (of dispersion magnet and spectrometer magnet)
will impair the resolufion. Second, if there should be
any advantage to using a low Z material (due to background
type 2), the spread in energy losses due to collision
would hurt the resolution.

Note that according to the graph on p. 132 of

Technical Report #21 (Bremsstrahlung Monochromator Report),
the loss in resolution due to large multiple scattering
angles is probably negligible. For a multiple scattering
angle as large as 8°, the image shifts only about 2 mm at
the extremes of the spectrometer and much less than this
at the center of the spectrometer. (The 2 mm assumes

3, z about 60 cm, and K between

Az/z of about 3 x 10~
0.55 and 0.9 for the parameters on p. 132.) (Note: the
typed z is the same as the script z used in the report.)
There are three principal causes of energy broadenings
1. Size of Monochromatic Focus at Converter
If monoenergetic electrons form an image with a
horizontal length of Ll cm (along the z axis of the

spectrometer), an equivalent energy spread AE, (in kev)
1

will be produced. Define the dispersiom, d_, of the




spectrometer magnet as:

ABg
d, = 5% in Kev/cm (1)

For the spectrometer

AE, 1
—E; y A 1.18% '/ cm (2)

If AE is in Kev, B in Mev, and AL in cms

ds = 11.8 E, (3)

ds varies from this by + 12% at different exit positions
on the spectrometer. d_ is largest when the distance

between converter and detector (along the z axis) is least.

2. PFinite Size of Detector
If the electron detector has a length L2 cm (along

the z axis), the energy range accepted, AEz.is:

AE, = L, (11.8) E, (4)

2

3. Energy Spread in the Incoming Beam and Dispersion
Mismatch

The energy of the electrons from thg betatron, Eb, may
vary. This variation may be due to poor regulation or
due to the finite pulse length. Insofar as the enexgy
spread is due to poor regulation, auxiliary timing and
pulse height circuits can be used to eliminate the counts
for the wrong E,. Of course, this hés the disadvantage

P
of reducing the usable intensity.




7.

The variation in Eb due to finite pulse length could
also be taken care of, in principle, with timing circuits
which could route pulses to different groups of addresses
in the multichannel analyzer. Alternatively, the magnetic
field of the dispersion magnet or the spectrometer
magnet might be given a compensating 180 cycle component.
However, these techniques would not help variations in
EB due to improper regulation.

The simplest way to overcome errors due to variations
of Eb is to properly match the dispersions of the D-magnet
(dispersion magnet) and of the S-magnet spectrometer
magnet. To illustrate this, consider Axb as the energy
variation (in kev) due to the finite pulse length.

(B, in. Mev)

B : .
_ 103 _ r, nT

ABB = 10 Eﬂ [1 Sin <2 + 5555)] (5)

where T is the pulse length in microseconds and the pulse

is assumed centered at 90°.

Define:
R
P = %555 ()

For small T or p, Eq. (5) can be rewritten as:

2 2

Aza=1o3xalz’— (1-£) (7)
2

oE, 103 B, £ (7a)

< Note that. AEb . @8 given by Eq. (7a) is the




maximum yariation of Eb. The mean value of the
variation of~nb is oyly (Aﬂb / 3)7 The distribution
of Bb as a function of t for a given pulse length Tb, can
be obtained by substituting Ebo for Eb and t for T in
Bgs. (5-7).

Eq. (7a) can bé rewritten with the aid of Eq. (6)

ass

ARy = 1.61 (1/100 usec) 2 Ry (8)
The length of the spot across the converter iss |
L, = (AR / 4p) o (9a)
L, = (AEp / 2.4 Ea) | (9b)

where the dispersion of the D magnet in kev/cm is:
3

10° AE
a. = (4 (10a)
D —— SE—
s _
d, = 2.4 B | (10b)

if (103 AEb / EB Lc ) = 2.4 corresponding to 0.24% / cm
on'thg dispersion magnet.

In termg of T,

L = 0.67 (T / 100 g sec) 2 (11)

~ The compensating energy shift, AEe, of the post
bremsstrahlung electrons, and the displacement, Ls, in 2

of the S magnet are:




ABe = Lb ds = Lc (11.8) Ee

ABe = Axb (11.8 B, / 2.4 Eb)

AB, = AR (4.92 B, / By)

aB, = 7.9 E_ (T / 100 1 sec)?

L, = (8B, /) = (8E / 11.8 )

Ly = 0.136 (B, / E)) (T /100 1 sec) 2

The net effects, due to both dispersions are:
AE = AEe - AEb
AE = (A1=.'B /Ea) (4.92 E, - 35)
If A%B is due only to T,
. AE = 1.61 (T / 100  sec)? (4.92 E, - Ey)

Similarly:

AL = Ls - Lc

e
11.8 E, 2.4 Eb
AL = (AEE/EB) [(EB—4.9 Ee) / 11.8 Ee:\

If AEb is due only to T,

9.

(12)
(iaa;
(13b)

(13¢c)

(14)

(15)

(l6a)

(16b)

Q7

(18) -

(19a)

"~ (19Db)

AL = (Eg - 4.9 E)) (0.136 / Eg ) (1/ 100 1 sec)?  (20)

Table I gives some typical values for the parameters

involved in dispersion matching.




Table I

Energy Spreads and Resolution Data Due to Long Pulse
Pulse Length usec

50 100 150 200 250
© 103(1-sing) = 10 35272 0.40 1.61 3.62 6.43 10.0

Length on z axis of
perfectly focusses spot 0.17 0.67 1.50 2.68 4.17
(1n cm) i£ D magnet

0.24% / cm

AEB Energy Spread in Kev at Bremsstrahlung target (kev)
d
D

Peak Energy Kev
(Mev) cm

24 58
22 53
20 48
18 43
16 38
14 34
12 .- 29
10 . 24

Pulse Length in pusec
100 150 200 250

un
o

38 86 154 240
- 35 79 141 220
32 72 128 200
29 65 116 180
26 58 103 160
22 . 50 90 140
19 43 77 120
16 36 64 100

SOOI
L]
OO HLNVDOON

AEe Energy Compensation at e Counter (kev)

(Using 1.18% for s magnet +O 14% variation over s‘magnet)
+d_ .o
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III. RADIATION INTENSITY ANﬁ MULTIPLE SCATTERING

The calculation Gf the radiation intensity and the
multiple scattering for a given target are illustrated
below. Typical values are given for four thicknesses of
Al and for four different thicknesses of Pt (which are
chosen to give the same radiation intensity). For each
converter, the energy loss 'is listed and the multiple
scattering is calculated for three energies of.post-

- bremsstrahlung electrons. (The multiple'scattering'cal-
culations show that a high 2 material has slightly less

multiple scattering than a low 2 material.)

A." Radiation Intensity
.The exact bremsstrahlung cross section is qnite complex

1,2,3

and has not yet been calculated completely. waever,

the simplest theory gives results adeqnate for target

considerations.

.. One defines an effective total radiation cross section,
P ag" which is: -
1 .1 v(dEO) - S o
...¢ == == |3 B oL (21)
ad N Eo dx rad . Coe
where N = atoms/cm3; (dEo/dx)rad is the energy lost in

radiation per cm, and E, is the incident energy. .

A radiation length, x . 18 defined as the number of

grams/cm of target necessary for an electron to radiate




.constant it overestimates the number of high energy
.photons and,gpderestimates the number of low energy

~ photons (by’abput 20%) . More accurate approxiﬁations

12.

(on the average) its own energy in the target. For low
and medium energ:Les)x.o is a function of E . However, for
high energy (due to screening effects), xo is independent

of Eo. If °rad is known, x° can be found easily froms

A
X ————en (22)
2 N orad )

where A is the atomic weight and No is Avagadro's number.

It is often convenient to get the thickness in cm, L, which

would cause an energy loss equal to Eo’ the incident energy:

L (23)

|

where fD is the density.
If Q electrons of energy Eo are incident on a target
of thickness t, the number of photons of energy. 37 in

an interval AE is given approximately by:

~N(E)AE'=Q ;‘é— 2% ' | (24)
' "

Eq. (24) involves the approximation that E N(E ) is a

than Eq. (24) become quite complicated because they
iﬁvolve screeniﬁg and coqlomb corrections to the plane
wave normally used for the electron. .(Fortunately graphs

ere'avail'able2 of N(Ey) dE.)
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xo can be determined easily if screening and coulomb

corrections are neglected:

X _ 26,
¢ aq = ¢ (4 log-;;i -3) (25l

where .
- 2(z + a) 5.79 x 10728 cn? (26)

and a = 1 to take into account radiation due to electron-

" electron bremsstrahlung. The neglect of screening in

(24) and Eq. (26) is valid in the limit
mc? <« By << 137 mc? 27Y/3. e bracket in Eq. (25)
would have the values'17.1, 16.2, 15.0, 13.4, and 10.6
I,for 25, 20, .15, 100 and 5 Mev electronsu' B .
In the limit of complete screening, E ">> 137 mc2 2. 1/3

Eq.: (25) is replaced by K

%aa "

»

o, =% (4 log 183 2 1/3 +J§f{ ‘."’ - Tv'.f (27)-"
where  is: given by Eq (26) except that a varies slightly
with z, a-is 1.28" for Al and 1.17 for Pt. The.bracket h

L:'in Eq (27) has the values 14 6 and 17 o for ‘Al and pt..f'
| Follow1ng Koch and Motz2 we shall use ¢rad / o= 4‘:}
_and 12 for Al and Pt at 20 ‘Mev. These numbers would not'.: .
change much at nearby energies, the corresponaing values
| ; at 5 Mev would be about 11. 0 and 10.5.

These values give ¢ ad = 1. 48 X lO 24,cm2'and

4.28 x 1072 cm2 for Al and Pt at 20 Mev. The corrésponding’
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2

2 moles/cm” or

radiation lengths are 1.12 and 3.95 x 10
30.3 gn/cn? and 7.7 gw/en’. |

Table II gives the characteristics of the targets
to be considered. The energy loss which is almost
independent of energy is obtained from the graphs given

by Hansen and !'ultz.4




Material -

Table II

[ ]
Target Characteristics

Rad. Lengths

10

-3 2

moles/cm

1072 cm

' mils -

4

'(kev) Lt
4.2 Mev/cm

Energy Loss

f mg/c'mz >

107

"smolés/¢m2

. ,10'-3 cm

* .
* .« . bl
L N .

- 22, Mev/bm f

Energy Loss
(kev)

" -“ja) The spread in energy loss is about 20% of the, j

.

' listed value, there is also a group of electrons T

'ﬂ'iwhich lose sxgnificantly more energy .t~

4
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exact theory if’ 9 is reinterpreted.

) 5is expressed in grams/cm . 6

-.of 9 is

16.

B. Multiple Scattering
1. Approximate Treatment
Even though multiple electron scattering is quite
complicated, its main features can be summarized simply.
If electrons all traverse the same thickness of material,
to a good approximation, the probability of finding an
emerging electron that has been scattered between & and

@ + d6 is given bys

| 2,.2 B L
p, (6) do = 2098 o8 /O . S (28)

w .
. (28) is the form obtained from approximate theory and

has been shown to be a very good’ approximation to the more
5 .
For a given number of atoms/cmz, 6 is- proportional
to 2/E where B is the electron energy. 9 ‘is also

proportional to the sqnare root of -the foil thickness

';..or to’ the number of atoms/cmz.. If the foil thickness, t,

2 is proportional to z t/AE A

For the targets being considered, an approximate form .

ForAl 'e'w = 11.5° _.T_hi-.gk_l‘_?..S_S_ 3 Mev S (29)
e ' 60.6 mg/cm O\ OBy BRI
A 1/2 _—_
“For Pt "6 = 11.0° ThiCk“essz A= (30)
T . 15.4 mg/cm E .
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where E is the energy of the post bremsstrahlung electrons,
and the thicknesses that appear in the denominator correspond
to 0.002 radiation lengths. More exact calculations

change the exponents in Bgs. (29) and (30) to to‘59 and
Ee'°'87. Using Eqs: (29) and (30)can underestimate'
ew by ahout,ls% for large thicknesses. N

2. More Exact Evaluation of 9

RO In order- tQ calculate more exact values of 6

- auxiliary parameters -are introduced. The most important
"of these'is~6 'which contains the principal.z, Eq,. and t ]

dependence of 9 .

6} = o. 175 - 2@ b gL 3'2:1 .31
- A (pV) - . N
where (pv) is in Mev., If E = Eg + 0. 51 is the total -

' electron energy (including rest mass) in Mev, '

ww'-a w -ozm _j'}.f. :', pa' S
'Thus (pv) = 5. 79, 11.8, and 19.7 .for 2, 3, and 4 Mev |
electrons. _ | . ' ’
For the range. of target thicknesses under discussion
eQ / ev_varies slowly from 2.52 to 2.99 for Al and from
'“_2 07 to .2.65 for'Pt. -(From Eq. (31) it is clear that to
obtain the same 91 from two materials the product of
" the number of atoms per cm2 and Z(2 + l) should be kept -

constant.)

The values of 61 for 100 m.g/cm2 foils are given in

table III:
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Table III

91 (radians)

2 Mev 3 Mev 4 Mev
al 0.135 0.096 0.074
Pt 0.309 ©0.217 0.167

The ratio{ Gw / 91}.depends on the screening correction
which in.turn‘depends mainly.on the target thickness t. -
The screening'correction is calculated by £inding first' the

.© parameter:

. o SR /3 L C o
(61'/.9a) 2 « 7800 iz * 11—-e € (33)
2R s A(L + 3.350 2 R
- ze? - :
-Where a =;TJ e Note that 9 is an effective minimum .
v

scattering angle from single scattering theory, it is not |
_needed explicitly for multiple scattering calculations
because only the ratio given in Eq. (33) enters.

There is only a very slight energy dependence in :~'
‘igq. (33)0 it enters only in the form of 5 =, .For 5
example, (9 / 0. ) has the values_(for_Z Mev, 3 Mev, and
4 Mev electrons) of 9600t, 9430t and 9350t for Al and of.
6610t, 6580t, and 6550t for Pt. . -

o The screening correction depends only logarithmically

on (61 / ea) . The screening correction depends on b,

"which is:
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b W (8, / 6,)% - 0.15 | (34)
The param;te;, b, in.turn determines B: -
B-i/nB=D ' : (35)
Finally, 6, / 91 is:
O 1/2
= (B - 1.2) (36)

o .
Table IV lists Gw as well as the parameters defined

above which were used in its calculation. The final eight

lines in Table IV are.discussed below.
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3. Bremsstrahlung Production Throughout Converter

The values of 6w in'table Iv could be substituted in
Eq. (28) to give the angular distribution of electrons if
the éosé-bremsstrahlung electron always traversed the entire
target thickness. However, the post-bremsstrahlung electrons
are formed uniformly throughout the target. This uniform
production can be treated analytically'byﬁmaking two
approximations. First, neglect the multiple scatteriné
of the incident electron. (8ince ew is approximately
proportional to gLl or £9°87, this will introduce
relatively little error if the post-bremsstrahlung electron
has much lower energy than the incident electron). The
second approximation assumes that the et abpropriate to a

residual thickness.t can be writéen as:

0 = '%,'n o | e
'whefe tm is the maximum thickness'the electron can go
through (i.e., t. is the entire target thickness for which
9 is the corect value). This approximation assumes that
the angular distribution is always Gaussian and that
the 1/e value is proportional to tl/2 (rather than
t°°59 suggested above).

With these approximations the probability of

scattering'into an angle 6 can be written as:
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¢ 2 ,.2
P(6)dD = +- /’“ ac 2 ° /8t 40 (38)
. m 6 ..
o t
2. .2

20d0 (tm gt 0ty t |
Ch. Tt e (39)
62/ o

: L2

p(6)de = 24 [”‘1 (- -9-5 ) (40)
. o 02 )

The angular distribution of electrons leaving the
foil, P(6), as given by Eq. (41), is much more concentrafed
at small ahgles than a éaussian (i.e., Pl(e) from Eq. (28))
would be. | | B

For the monochromatdr, we are intérested in the
fraction of electrons which have been scattered by less than

some angle, say em. This fraction F(6,) is given by; .

6
F(o,) = l{“‘ P(6) dp (41)

(o}

This integral can be evaluated easily; it is convenient
to introduce the notation:
= 2 - 2
y = (e/ew) and y_ = (em/ew) | (42)

From Eq. (40-42), we then get:

f ™ ay [-Ei(-y)] (43)

(o)
-y
Y [_-Ei (-ym)] +1-e B (44)

F(Gm)

Table V gives the values of F(em) as a function of Yo
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Table V

(em/ew)2 = 0.00 0.04 0.1 0.2. 0.3 0.4 0.5
P(9.) = 0.05 0.146 0.275 0.437 0.531 0.61 0.673

(ém/éw)5= 0.6 0.7 0.8 0.9 1.0 1.2 1.4

P(e,) =0.72 0.76 0.80 0.83 0.85 0.89 0.92
: (ém/ew)i =1.6 1.8 2.0 2.5 3.0 4.0 5.0
‘ F,) = 0.9 0.95 0.96 0.97 0.98 0.985 0.99

The results of this analysis for the Pt target are
included in the last eight lines of table IV. The first
four (of these last eight) lines give the percentage of
post bremsstrahlung electrons of the indicated energy which

' have been scattered by # 5°, + 8°, #.10°, and & 15°.°. .
The vertical opening on the spectrometer magnet is + 89,
The final four lines give the relative yields of

electrons within these angles if the same incident electron

beam is used for all four target thicknesses. The examples

below illustrate the implications of these relative yields.

Example A
Let us compare the 0.002 and 0.005 radiation length

targets for 4 Mev electrons. assume first that an 8° cone
is acceptable. In order to obtain the same number of
usable photons, the thicker target requires (100/161) = 0.62

of the beam. Therefore, both the high energy electron beam
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leaving the spectrometer and the background produced by
this beam decrease by 0.62. On the other hand, the total
number of photons produced and the total number of post-
bremsstrahlung electrons of degraded energy is |
(0.005/0.002) (100/161) = 1.55 times as high. Thus, if
the background or counting rate limitation is due to
eyents in the target or sample (as apposed to being due to

the main beam), the thicker target is inferior.

Example B
Let us compare getting 8 Mev gamma rays from a

combination of incident emergent electron energies of

10 Mev - 2 Mev or 12 Mev - 4 Mev. Consider a 0.002
radiation length converter. 10'9 amp of 10 Mev electrons
would give the same number of usable photons as would

6.1 (10-10) amps of 12 Mev electrons. To simplify
comparison, assume the same peak current but have the 12 Mev
current pulse only 180 psec long while the 10 Mev current
is 300 psec long. At the converter, the energy spread of
the incident beam would be 66 kev (for the 12 Mev) and

144 kev. After compensation, the energy spreads of the

8 Mev gamma ray would be 34 kev (for 4 Mev electrons) and

2 kev. The electron beam currents entering the sample area
would be the same (per unit of "on" time) but the higher

energy 12 Mev electrons would produce more background.
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(This background might be less intense at the detector
because the deflection of 12 Mev electrons when the spectro-
meter is set at 4 Mev would be greater than the deflection
of 10 Mev electrons when the spectrometer is set at 2 Mev.)
On the other hand, Ehé actual counting rate per unit ’
*on" time would be smaller for the 2 Mev electrons.

iubée that 50% of the radiation produced by the 10 Mev
electrons is not usable, if 8° is the actual limitation,

whereas only 18% of the radiation produced by 12 Mev

electrons is not usable.
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Table 1

Energy Spreads and Resolution Data Due to Long Pulse
pPulse Length usec
50 100 150 200 250

103(1-84n0) = 10%p%/2 0.40 1.61 3.62 6.43 10.0

Length on z axis of
perfectly focusses spot 0.17 0.67 1.50 2.68 4.17

(in cm) if D magnet
0.24% / cm

AEB = Energy Spread in Kev at Bremsstrahlung target (kev)
d

D
Pulse Length in usec

Peak Energy Kev
(Mev) cm 50 100 150 200 250
24 58 9.6 38 86 154 240
22 53 8.8 35 79 141 220
20 48 8.0 32 72 128 200
18 43 7.2 29 65 116 180
16 38 6.4 26 58 103 160
14 34 5.6 22 . 50 90 140
12 29 4.8 19 43 77 120
10 24 4.0 16 36 64 100

AE_ = Energy Compensation at e~ counter (kev)

(Using 1.18% for S magnet; +0.14% variation over S magnet)
s

300

346
317
288
260
230
220
173
144

T - Kev

E, 4.92 E, &

2 9.8 24 3.9 16 36 63 98 142
4 19.7 47 7.9 32 71 126 197 284
6 29.5 70 11.8 47 107 190 295 425
8 39.4 94 15.7 63 142 253 394 577
10 49.2 118 19.7 79 178 316 492 709

300
14.4

6.00
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Material

Table II

Target Characteristics

A

15.

Rad. Lengths || 0.001 |0.002 |0.005 |o0.01
mg/cm? 30.3 | 60.6 | 152 303
10" 3moles/cm? | 1.21 2.42| 6.05| 12.1
1072 em 1.12 2.24| 5.6 | 11.2
mils 4.59 9.18 | 22.9 | 45.9
Energy Loss

(kev)® . i 47 98 235 471
4.2 Mev/cm

mg/cm? 7.7 14.4 | 38.5 | 77
10" %moles/cm? | 3.95 7.90| 19.7 | 39.5
10~3 em 0.36 0.72| 1.81 | 3.62
mils 0.147 | o0.2909 0.74| 1.47
Energy Loss

(kev) 2 7.9 15.8 | 39.5 | 79

22 Mev/cm

(a) The spread in energy loss is about

20% of the

listed value; there is also a group of electrons

which lose significantly more energy
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