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CHAPTER I

INTRODUCTION

The objective of this study was to build preliminary devices .

which could be used to measure electron reflection coefficient

values using crossed electric and magnetic fields. The ,Tchnique

for using crossed fields to measure reflection coefficients was

developed at Air Force Cambridge Research La5oratories. The reflection

coefficient is the ratio of the number of electrons in a reflected

beam to the number of electrons in an incident beam striking a surface.

The work described herein was a part of a project authored by

AFCRL under contract AF19 (628)-5940; Project 8605 (with Western

Kentucky University being the contractor) which was entitled. "An

Investigation of the Reflection of Slow Electrons from Surfaces."1

Earlier researchers working on the problem of measuring reflection

coefficients generally had used large electron optical systems with

target collection chambers.
2

_I-Since their findings varied so considerably

(Figure 1) it was decided to try a new approach. The results shown are

curves describing the values obtained when electrons bombarded tungsten

metal with energies ranging between .1 and 3.5 electron volts.

Basically the devices discussed within this paper consist of

c
two parallel electrodes to provide a uniform electric field and an

electron gun to inject electrons with known energy levels into the



fielc perpendic,,lar to the electrodes. Each devf,:e utilized a Faraday

cup to collect the electrons after. he application of an external

uniform magnetic field which bent the originally straight electron

beam into a trochoic!al path.
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Figure 1. Previously published data for tungsten (1,1,0)



CIUPTER II

DESIGN CONSIDERATIONS AND CONSTRUCTION FEATURES

Because 302 stainless steel was available, inexpensive and

easily formed into intricate shapes, it was chosen as the material to

be used for the prototype electric field electrodes. A design was

formulated which was simpler and smaller than known previous ones

It was tailored to use as many parts as possible frOm a conventional

T-12 receiving tube (Figure 2) to facilitate exhaust and processing

of the electron source. The initial device was planned to cause a

5 electron-volt electron to be injected at a right angle into a 10
•

gauss magnetic field. Calculations of the various aistances between

the cusps of tLe trochoidal path that the electron would follow

dictated 1.5-2.0 centimeters between the beginning and end of the

trajectory. A concept of the prototype is shown in Figure 3. The

devices were assembled using the standard receiving tube practices

and techniques of pre-firing the metal parts and assembling under

"clean" conditions and then Ahausting on an exhaust bench.3 After

exhaust the device was operated for sixteen hours to stabilize the

cathode emission inside the electron source. Stabilization is a

necessary requirement for tubes. The devices included a getter which

lewered the internal pressure to a level which permitted high vacuum

4
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operation with a uniLotential oxide cathode electren cource. The

electron guns used to inject electrons into the cros:ed electric

and nagnetic fields were of four general types: (1) Pierce,

(2) modi.ied Pierce, (3) sheet beam and (4) planar.

Ke172holtz coils (Figure 4) were constructed to -.provide a

unifora rnf-eetic field for stall test devices located at the center.

Using the basic equation for the magnetic field intensity at the

center or a coil:

_

•I 125 r

where IT = nunber of turns on each coil

and I= current through coils in absolute amperes (abamperes)

and r = rcan radius of coils in centimeters

and D= It

where par::eability

now when ii= 1, then H= B.

Once B uns determined then B(erfective) = B(calculated)

), providing that the coil is properly oriented. After
B(earth

B(effective) as deterained than the radius 77'Ls determined from the

relationship:5

e 2V
= :2r

771 r

where V = rotential difference

7
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•

and c = C:=.c cf elcetron

and ri= of electron

Me above c:..;.atrn can be tronspnsed to provifle expressions for B.end r:

r 2V_
1 r'd

and r =
/- 2V

(c/Li)

The coils w•-..re desS-ned so that a rag7lettc field of 10 cuss

would cauce an electron enterins it perecndicularly to be bent into a

circle :.v.T.ng a 2.311!.cs of 1 centinter if its enercy were 10 ev.

To determine the electrode cross-section which would exhibit the

lown arAcunt of "frinzing" of the electric field a plain electrolytic

a

tank was designi snd constructed to nap electro-3tstic fields which

would be forrled by various electrode shapings (ifiaure 5). MeasursY,ents .

in the els:ctrolytic tank 1.,s1ng,a probe and finding eaqipotentlal lines

der,:nstl'at,2d tl-at the elacti:ostatic field bet:7esn the outer edges of

the elPetr,:/:es c1d be L.:-.de tore uniform if the edges of the electrodes

were bt ill:7,1rd at an anLLle of._25 degrees. This feaWre can be seen
-411

in 24. s::a11 contact area between the electrolyte and probe"

necessita a hi ace detector. Ar?tlytical rethcas of checl:ins

the eleet:.-olic ';71:11: 7.-asure:!:l.nts indicated that the error was less

tl:nn 6 J. •-,-a7),-s were .l. but none had a_

grc-a ,-2r heL.ocncity than t cne in Figure 5.

9
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Slits w,:re placed in the bottom electrode to hel
p determine the

dimensions between the cusps of the trochoidal 
electron beam path

(Figures 2 and -;). It can be noted that if the electron path can be

adjusted so that it touches down in slit with a suitable collector

underneath then there would be a decrease in the bo
ttom electrode

current.

The collector (Faraday cup) was placed unde
r a slot and shaped

into a box for the purpose of tramping entering 
electrons.

The smacers used to position the electrodes in t
he devices were

T-12 micas with magnesium onide sprayed on their
 surfaces to retard

leakage cu.1-rents. Holes were punched in the micas in the area of th
e

electric field to reduce the likelihood of the insu
lator acquiramg an

electrical charge.

'Inc initial pencil beam device (Figure 6) was designed to cause

the electron to go through two bounces before being i
ntercepted by the

collector. It will be noted that there is no magnetic shieldin
g

around the Pierce electron ea.

The final pencil beam device (Figure 7) was essentiall
y the

same as the initial pencil be  device with the exceptio
ns of the

magnetic shielding surrounding the electron can and 
an Einzel 3iene

in the electron gun.



The Aeet becm device (Figure 8) was designed to caus
e the

electron to go through a single bounce before being 
intercepted by the

collector. It incorporated a sheet beam electron source. 
The emitting

,urflice in the electron source was moved closer to the bo
ttom electrode

to minimize the bending of the electron beem within the
 gun by the

epplied magnetic field.

The ::ero electric field device (Figure 9) ,:as desined 
to

magnetic deflection only. The device utilized a planar gun which

moved the emitting surface in the electron source even cl
oser to the

bottom electrode than the sheet beam design. The collector had a gold

plated tungsten mesh in front of it to trap any electron 
reaching its

surface. The top and bottom electrodes were made from a single
 piece

to insure a zero electric field between them.
•

12
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- Figure 7. Final pencil beam device.
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CiAli:e2I1 III

EXP.r :1.2. ;TA L Re:SULTS

During evaluation of the initial pencil beau device it was dis-

covered tnt ',he electron Elia 'as being cut off because of the appli-

cation of the magnetic field developed by the Helmh:ltz coil. This

can be seen in Zigare 11. The current to the second accelerator

electrede inside the Pierce Gun increased markedly when the strength

of the magnetic field was increased indicatias the electron beam ifl5ide the

gun deflected. Various thapes„ thicknesses, n-rnbers and orders of

layers of !'u retals Netic and Conetic raterial were evaluated to find

a satisfactory magnetic shielding for the'gan. The results of this

investigation are shown in Figures 11 and 12. One layer of Netic

material on the outside of teo layers of Conectic material provides

sufficient shielding when the mlgnetic field range is betl:aen 0 aild 35

gauss. A cylinder of 1- wza :u metal 1/16" thick also found to provide

similarly satisfactory shielding. Addition of the shieldinl. caused

perturbation of the magnetic field between the Plates of the troeroidal

device.

1::-ecients indicated that the disturbance of the riagnetic field

would be 1-educed to an accel)table level if the shielded gun eould be

17



moved 1 cm or :re ewly from the ')ottom electrode. This separation

would necessitate projecting the electrons through a cylinder made of

suitable shielding material with a very small diareter. A 107. change

in the field near the end of a .030" x 20 rm cylindrical nickel

cathode sleeve was measured when it was rounted with its longitudinal

axis perpendicular to a field of 1.5 gauss. It can be seen from the

photographs of the devices that there was not room to move the

electron source away from the bottom electrode and use the same bulb.

Three other methods of shielding were considered. One idea was

to put a set cf miniature Helmholtz coils around the electron source

to cancel the external magnetic field. Also studied was the possi-

bility of enclosing the gun inside a tightly wound toroid with ejected

electrons emerging from between two slightly displaced turns. Measure-

ments made with a gauss meter indicated that with a 10 gauss field

inside an e:-:perimental coil, the external field could be reduced to .1

gauss. Brief consideration was given to the use of electrostatic

deflection plates oriented in such a manner as to cancel the magnetic

force. Space lieeitations caused the three ideas to be dropped.

All of the devices wereevaluated in essentially the same

manner. An electron beam of known energy level was generated. Then the

magnetic field was varied with electrical potentials on the electrodes

and collector. Peaks of collector current which represented the beam
•

current with no beunce and one bounce were recorded. Because of beam

18



snrendinL;the Ixaks Imre not chair-Ay defined and au accurate value of

reflection coe2ficient could not be determined. K. E. Garrison,

research assistant at Western Kentucky University, devised a uethod

whereby the r,eaks of collector current were broken up into parts so

that each section corresponded to the current that would Go through

one slit width if the bean were held stationary. This method is

summarized below:

1. The derivative of the standard range equation for an electron

in a trochoidal path was taken with respect to the naggetic

field (B).

2. Values within the desired range of the Lnetic field were

inserted into the equation and a curve of dx/dB versus :6 was

olotted (Figure 10) so that approximate values of dx/Wit

could be determined 'between the points actually inserted into

the ecuation.

3. The change in the magnetic field corresponding to 1 slit width

was determined by thTequation A x = (dx/dB)AB where A x was

one millimeter and dx/dB was an average value. The value of

Ci::/413 -,:as determined by averaging the endpoint values

d-c
+ 

dd3
(3+A 13)

••••

2

• 19



4. The value of current at-the midpoint of each section was

determined.

5. The midpoint current values in each curve were added

17erarately.

6. The ratio of the two sum save a.value of reflection

coefficient.

;hen the above method was used to evaluate data taken on the

sheet beam device values of reflection coefficient were calculated

which ranced between 4% and 12%.

2()



Uo Lounce

0ne bo=ce '-)

1 slit width

I lid zo it

-...kTop electrode

•Mb

x- No bounce

1:aGnetic Field (B)

l'igare 10. Diacran of apparatus and carves showing method
used to find reflection coefficient.
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Ic

•

F 1

Heathkit Transistorized Power Supply,
0 to . 35 volts, 0 to .5 amperes

Galvanometers of various sensitivities,
(1A3, Ipl, 1p2, Ic)

11i1lieters of various sensitivities,
(Ik, IB and IA1)

Keithley Electrameter„ Nodel 610 A used to
measure Ic

2iGure 13. Circuit used tp evaluate final pencil beam device.
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TABLE I

Data taken from pencil beam final device

1.

U.f1t.i

I
A)

1

V.! ia,

0. ...,

...Pp C

0a
0

0I 5 1.07 3.5 mm 1 um 0.4' 0a
..-• . •••

1.36 6.5 pa 1 tag L.ip 04
1! 5

1 1.52 n4 1.70 me 6.2 p& I.5 pa I.0

i.!

. 5 1 .6 sat 2.17 ma ,.5 1 .01 1.3

1.5,70 3.21 na 2.32 ra .2.62 lea 9.5 0a 2+ 0a 1.71 pa
1.9

'01

2.0
1.4

2.051 5 1.05 ma ma 3.05 ma 11.01,a 2.5 01
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2.75 pl.
i.45

10
15 10.8 ...5 2.55

2.625
/0
5 4.35 ma 3.13 me 3.55 sma 13 pa 3 pa

2.5 +
2.Z a
3.1

10

1.5 + 3.25
15

2.5 +27.5
20
5 4.85 3.46 mg 3.95 ma 14.5 am 3 om
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1.4
2.7

IU

2.5 •
15

7.5 2.4410
20

5.3 ma' 3.92 am 4.42 ma 16.0 pa ,.0 mm
7.5 •

).9 pa10

2.5 44.4*
15

2.3 • 4.55
1.0 5

10
7.! r, 5.42 6.1/5 ma 25 pa

25 4.

4.0 •
4.0
1.5+

6.s p,
T.75

25.5 1.5'
1%1

.0 16.4 6.6 ma 7.05 mm 15:55 pa 5.5 pa

.1.1)1 )

+ 4.-
+4

9. pa 4;.5 0, •
!• i!.11 8. 0 I, 5.45 .....s i0 Z%,.%ft.

4
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Figure 14. Final pencil beam device collector current versus magnetic
field for 2 ev electrons.
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Kcathkit Transistorized Power Supply,
0 to 35 Volts, o to .5 Amperes

Galvanometers of various sensitivities
-16

lalliampmeters of various sensitivities

Electrometcl-, Eosiel 610 A

a.

210=e 17. Circuit used to evaluate sheet beam device.
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5 ev electrons

ecuv = 1.4 vcits
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Magnetic Field (gat:ss)
Figure 21. Data taken on sheet bza- device to dctcrmine reflection

coefficient.
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Cathode current

CUD current

Top electrode current
-6

FiE;Lre 22. Circuit used to evi-_11:ate zero electric field device.
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Figure 23. Cup & top electrode current vs. magnetic field for zero
electric field device.
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top Plate

(Volts) 

riABLS II

fats taken from zero electric field device.

cup

(1:icroamperes)

Maximum 

I
top Plate

(Microamperes)

Mininam 

If

(Amperes) 

Field

Strength

(Gauss) 

10 86 13 1.8 7.2

15 103 61 2.5 10.0

20 116 68 3.0 12.0

25 128 87 3.5 14.0

30 137 140 3-8 15.2

35 146 155 4.3 17.2



1:4

CHAFT.1:. IV

APALYSIS OF RESULTS

One difficulty encountered in the sheet beam device was that

1:he1 the zr,lfriclently to cause the collector to draw

current t::_e top -.:Iate current did nut &0 to ,:eco as Enticipated. A

r,!odel of the sheet bearldeviCe was built with: mercury inside.. The

ionization of the Ilercury gas (Figure 24) clearly showed the beam

spreading out to an angle or approximately 56 degrees. When the

magnetic field was applied, the wedge shaped beam leaned over in the

directIon predicted by theory. However, at no timle did the, beam bend

at such an angle that the trailing edge of the beam did not touch the

top plate. A strange phenemenon was observed to occur when the

collector current was initiated. A tiny streak was seen inside the

- gas. T:-.e =11 Etrean bent ithe arc expected End its radius could ha

increased Zecreased by changing the magnitude of the applied field.

The final pencil beam device which was designed to cause the

elec- roa beam to go through two bounces before"-being intercepted by the

collector failed to produce more than one peak of collector current.

Since reflection coefficient is the ratio of two values of current it could

not he calculated. Ia the single so,::ak (Figures 14, 15 and 16) of

11-



collectol. current diffraction effects can be noted. The diffraction

effects occurred when the bean grazed the top electrode.

The sheet beam device was cuccessful in producing /aultiple

peaks of collector current which permitted reflection coefficient

values to be calculated. The peaks were wider than had been antici-

pated which caused the calculated values of reflection coefficient

to be questionable. The broadness of the peaks was due prizarily to

beam spreading. It will be noted in Figures 18, 19 and 20 that when

the to electrode potential is increased from 20 to 91 wits the

device is no longer useful for obtaining suitable peaks.

The zero field device produced peaks (Figure 23) from which

values of reflection coefficients could be measured, but the widths

of the peaks were excessive.
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Figure 25. Ionization patterns observed inside the shect beam
device duriiig operation with mercury gas inside.
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COMPARISON OF T E VARIOUS TROCHOF,AL DEVICES

•

Since none of the devices built yielded satisfactory data from

uhich to calculate reflection coefficients they cannot be compared on

that basis.

Usefulness as a tool for measuring reflection coefficients.

Initial pencil beam device - not satisfactory because the

e::te,-nnl'y applied magnetic field cut the electron gun

off before peaks of CUD current could be established.

Final pencil beam device - not satisfactory because of

bean spreading and the inability to generate a mono-

chromatic electron beam. Beam spreading was worse with

this design and so severe that results were difficult to

interpret.

•
Sheet beam device - not satisfactory because of beam

spreading and lack of monochromatic energy in electron

:Area= from its gun. This device produced peaks of cup

current and crude values of reflection coefficients were

calculated;

:ere electric field device - although not satisfactory

because of beam spreading this device is more practical

thafl the Others because of its simpler design.
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Becm preeding an extreme problem in all devices. Beam

epreeding beccme worse when the current density of the electron

been ws increased end/or .hen the electron velocity was reduced.

Because of the spreading of the beam the collector ees too small

in cross-sectional area to intercept all of the reflected electrons

thus making the subsequent calculetions of reflection coefficient

subject to doubt. Diffraction effects were observed in the cellector

current measurements when circuit conditions were such that the

electron beem gcazed the top electrode. NO electron gun designs

tried during this study were pable of providing a monochromatic

electron eem. The beam of electrons generated by the electron

guns were severely affected by the applicatiOn of the external

magnetic field. The external magnetic field bent the becm hile

it was still inside the gun thus preventing the electrons from

raking normal entry into the electric field. Shielding the electron

guns from the external magnetiefield introduced distortion of the

field.
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RECCTIWS FOR FUTURE WORK

Any future devices should be designed to minimize beam

spreading but !-3hould not be built until an electron source is

available which can supply monochromatic electrons. This will

require that a velocity selector must be an integral part of

the electron gun. The magnitude of the electron beam current

should be at the lowest possible value that results • satis-

factory data and the collector must have a cross-sectional

area large enough to intercept all of the reflected electrons.

It would be helpful if the collector were divided into several

sections so that a better idea of the width of the beam might

be determined. It is more practical to mount the devices inside

a bell jar vacuum system instead of inside a sealed glass envelope

because mechanical changes can be made easily by removing the bell

jar whereas the sealed device is a one shot study. Useful

information concerning a device may be obtained by putting a

substance capable of fluoreseTng on the areas of the electrodes

and collector which will be struck by the impinging electrons.

This technique permits a visual observation of beam spreading.

Also the devices can be filled with a gas capable of being

ionized under the conditions used in the experiment. With a

bell jar vacuum system, the bell jar itself could be used as

a collector by putting a conductive coating on its inner surface.
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