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5UMMABX 

An Investigation into the effects of X-radiation on tho 

electrical properties of dielectrics is described In this paper* 

Experiments were conducted to determine the amount of ionisa¬ 

tion in the dielectric as a function of the intensity of X- 

radiation. The possibility that the dielectric constant of 

such materials would change appreciably under radiation was 

also investigated. 

Going on the assumption that some ionization of the 

dielectric material did occur, recovery time measurements 

were attempted* 

The experimental methods, the methods of calculation, 

and the results of these experiments are presented and dis¬ 

cussed* Various pieces of equipment constructed for use in 

the investigation are described and discussed in the three 

Appendices at the end of this paper. 

The results of •toe tests made are somewhat inconclu¬ 

sive, hut they may be stated briefly* 

The amount of ionization in the dielectric material 

%ms not determined. 

Mo change of dielectric constant under radiation was 

detected, i.e., no change was detected within the accuracy 

of the measuring apparatus* 

II 



The rooovory time of the material under teat* if dif¬ 

ferent from aero* was obacured by "fee recovery time of the 

measuring system used* 

A bibliography of books and papers containing informa¬ 

tion pertinent to the subj ect of this paper is included at 

the end of tho text of the paper* 



m IM¥E3TI3ATI0M OS? THE EFFEJT3 OF 

X-RJU)IATIGI OH THE ELECTRICAL 

CHARACTERISTICS OF DIELECTRICS 

With the increasing use of radiation of one typo or 

another in many phases of scientific and industrial work, it 

becomes necessary to know something of the manner in which 

the electrical properties of certain materials, notably di¬ 

electrics, will vary under such radiation. For instance, 

electrical or electronic control devices associated with 

equipment exposed to radiation, and using materials whose 

characteristics were changed radically by the radiation 

would be of doubtful value. It was with this in mind that 

this investigation was begun. 

The purpose of the investigation then was to provide 

data on the variation of two of the electrical properties of 

dielectrics with variations in the intensity of radiation. 

The two properties to be investigated were the dielectric con¬ 

stant, and the effective specific volume resistivity. If enough 

data along these lines could be gathered for different materials, 

it would be possible to choose for use in places where radiation 



was likely to occur those materials whose properties would be 

most stable. If a change in these properties ia inescapable, 

provision my be made to take these changes into account in 

evaluating the response of instrumentation or other electrical 

devices. 

Relatively little has been done in the field of solid 

dielectric research in this country as compared with the largo 

amounts of work done in other fields. Apparently some little 

effort was applied to the problem in Sermany prior to the 

recent war. Certain parts of previous research in solid di¬ 

electrics have some bearing on the problem at hand and will 

be reviewed briefly* 

H« Fo'iiaer- ha3 conducted a lengthy series of experiments 

on the ionisation of paraffin by alpha-rays (Helium ions), 

Folraer's experiments in which he ingeniously eliminated the 

effects of possible air bubbles in the paraffin under test, 

showed that some ionisation did occur, and that the ionised 

condition persisted for a time after the radiation ceased* 

3, Shimizu made a study of the residual currents 

found in various types of crystals after exposure to X-radia¬ 

tion* He found that the electrical conductivity of ealeite 

1 Folmer, H.j "Investigation of the Ionising Effect of Alpha 
Rays in Solid Dielectrics.“j ROTAL AM3T* ASAD. PROS* 55? 
p. 6%6-6h2? No* 5? 1952* 

2 Shimizu, 3. j "Effect of X-Rays on Solid Dielectrics11 TOHOKU 
IMF. U, 301, REPORTS $ HONDA VOb* 115-128? Oct. 1956* 



(aaQOj) crystals increased abruptly under radiation, and that 

the conductivity was a function of the intensity of radiation. 

Oaloite, paraffin, and other materials showed residual currents 

which were roughly proportional to the time of exposure to 

radiation. 

S. A. Walker* has investigated the effect of X-radiation 

on breakdown strength in dielectrics. His teats indicated 

that dielectric breakdown strength of solid, liquid, and gas¬ 

eous dielectrics was reduced in the presence of radiation by 

an amount which was a function of the intensity of radiation 

and the thickness of the specimen. Walker attributed the 

effect to free ions formed under radiation. He also noted 

that no permanent effect was discernible. 

Many others too numerous to mention made contributions 

to the study of dielectrics under radiation. Many of these 

experiments, such as those of Folmor and Shimizu, provide 

data, which while interesting, are not immediately applicable 

in engineering practice. However, these experiments do point 

conclusively to one fact, vis., that ionisation in solid di¬ 

electrics does occur. The presence of free ions, of course, 

affects the electrical properties of the material* 

1. Walker, E.A. j “Effect of X-Rays on Breakdown Strength and 

Plaahover Voltage of Oertain Dielectrics1 * 3; JOURNAL 0? 
APPLIED PHYSIOS, Vol. 12; p. 215-218; March, 1941. 



THE ELECTRICAL CONDUCTIVITY 

The dividing linos between conductors, semi-conductors, 

and insulators cannot be sharply drawn, for any material is, 

to a certain extent, a conductor of electricity, A “conductor” 

material is one in which exist many free, or more accurately, 

loosely bound electrons* Insulators, on the other hand, have, 

in general, molecules whose electrons are more tightly bound. 

If radiant energy of sufficient energy were incident upon auch 

molecules, some of the electrons of these molecules could 

absorb sufficient energy to detach themselves from the parent 

atom or molecule, thus yielding ions. 

The presence of such free ions could be detected in 

several ways. One of the simplest methods would be to deter¬ 

mine the volume resistivity of the sample before and during 

radiation. The difference could then be interpreted in terms 

of the rate of ionisation. Another method would be to collect 

on the plates of an electrometer all the ions formed during a 

certain period of radiation and measure the charge* This 

method would give a direct measurement of the rate of ionisa¬ 

tion, The measurement of specific resistivity of solid di¬ 

electrics was performed in this experiment. , . 

It is reasonable to expect that the amount of ionisation 

be proportional to the quantity of radiation for a given spectral 



distribution of the radiation, and that the amount of ionization 

be some function of the spectral distribution for a given quan¬ 

tity of radiation# These assumptions are supported by the data 

obtained, as will be shown later* 

THE DIELE3TRI0 00H3TAKT 

An analytical expression for the dielectric constant 

exhibited by a material to electromagnetic radiation passing 

through it has been derived and may be found in the tept 

“X-RAYS IN THEORY AND EXPERIMENT,* by Compton and Allison1. 

Starting with the differential equations for the forced, 

damped oscillations of a molecular electron, and using the 

relation 

, where 

Xq - is the contribution to the dielectric constant of 

electrons of the type “q", 

P - is the polarization, and 

S - is the electric field strength, 

these authors obtain the following expression for the di¬ 

electric constant Xqj 

yyu 

^ _ / , ST g 
'V ' Me’-tef-W+yfe*** ’ '*h0re 

1 A. H. Ooapton, 3. K. Allison* “X-RAY3 IN THEORY AND EXPERT 

MOST* Second Editionj p. 274-278* 



n - is the number of different natural frequencies of oscil¬ 

lation possessed by the electrons of the material 

- is the number of electrons per unit volume of natural 

frequency \)g. 

c - is the velocity of light 

e - is the electronic charge 

a - is the electronic mass 

k - la defined by , whore is the frequency of 

the incident radiation 

k^ - Is defined by * wil0r® ^ -B the natural fre¬ 

quency of oscillation of the electron, and 

j - is the complex operator 

This equation reveals the fact that the dielectric con¬ 

stant is a complex quantity* On further manipulation of the 

solution to the differential equations of the forced, damped 

oscillations of an electron, it may be shorn3- that the complex 

part of kq has to do with the absorption of the radiation in 

the material, which the real part of kQ is related to the 

phase velocity of the radiation in the material* 

The above equation may be applied to the case of X- 

radiation if the classical theory of X-radiation is accepted* 

The classical theory presents X-radiation os an electro¬ 

magnetic wav© phenomenon* The electrons leaving the cathode 

1 Qompton and Allison* "X-RAT3 III THEORY MID EXPERIMENT"* p.2?8 



of tho X-ray tube are accelerated through the cathode-to— 

anode potential difference, and attain great velocities* 

Open striking the target (anode), the electrons are decel¬ 

erated wry rapidly, and give up their kinetic energy in the 

fora of electromagnetic radiation known as X-ray3. These 

X—rays, when traveling through a radiated material, are 

assumed to cause the molecular electrons of the material to 

oscillate in synchronism with the electric field of'the 

X-radiation. This action results in electronic dipoles 

which contribute to the polarisation of the material, thereby 

causing the dielectric constant of the material to change. 

This change is affective only to the radiation that caused 

it, i.e., a change in dielectric constant to X-radiation 

could not be detected using 1X3 measuring methods. 

Referring to the equation for Kg given above, it is 

seen that the value of kg becomes large only if k and kg 

are very closely the same. The usual values of kg are such 

that k is closely equal to kg only in the X-ray spectrum. 

Thus, such a change in dielectric constant could not he 

observed with the usual sort of electrical measuring tech¬ 

niques. However, tho derivation of the equation for Kg 

assumed the absence of other fields. The presence of a 

superimposed field, aay of one thousand cycles per second 



frequency, could, possibly haw such an effect that a change in 

dielectric constant night be observed in the presence of X- 

radiation. 

Looking at the situation in a different way, it is con¬ 

ceivable that the aalecular disturbance created in the radiated 

material by the X-radiation might sake the material more sus¬ 

ceptible to polarisation, which could be detected aa a change 

in dielectric constant, to attempt to measure a change in 

dielectric constant was made in this experiment. 

RECOVERY TIME OF RADIATED MATERIALS 

The ionization of gases under X-radiation has long been 

known, and elaborate experiments have been carried out to 

determine the recombination time of the ions alter radiation 

ceases* In the case of air at standard temperature and pres¬ 

sure (0°0 and J60 mm of Hg), there should be few ions left 

after a small interval of time, less than on® second* The 

rate of recombination is directly dependent on the mobilities 

of the combining ions* In a gas, ionic mobilities are com¬ 

paratively high, while in a solid it is reasonable to assume 

they are much, lower*. Hence a lasting effect of the ioniza¬ 

tion by radiation might be detectable. Mr* Shimizu's experi¬ 

ment showed this to be true, as he detected residual currents 
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in crystals for some time after radiation bad ceased. An 

attempt was made to determine the recovery time of the di¬ 

electrics tested. The teat and results will be discussed 

later. 

The investigation discussed in this paper required the 

use of a source of X-rays variable in both spectral distribu¬ 

tion and quantity* This need was filled by a deatinghouae 

Industrial X-Ray Generator. (See pictures. Appendix X.) 

The equipment, consisting of X-ray tube, adjustable tube 

stand, high tension transformer, and control cabinet was 

assembled, tested, and put into operation. The entire unit 

was calibrated so that control panel markings would be 

accurate. In order to protect the operator and other persons 

in the same room or in nearby roost3 from radiation, a lead- 

enclosed chamber was constructed., (for picture, see Appendix I.) 

Lead sheet one-eighth inch thick was- used* All corners 'were 

overlapped, nail holes were covered, and baffle plates were 

used to insure a leak-proof door. The efficacy of the lead 

shielding was tested 'with a Vioioreen Minoaoter, a type of 

ionisation chamber-string electrometer radiation meter. The 

stray radiation level at very short distance in all directions 

from the lead chamber was very low* The level of stray 
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radiation ms well below that specified by the national Bureau 

by humans# 

The investigation of the change of dielectric constant 

under radiation was the first undertaken after the period 

devoted to the development of measuring devices and techniques * 

As was mentioned previously, it is logical to assume that some 

increase in dielectric constant might be observed if the 

frequency of the incident radiation was close to one or more 

of the natural frequencies of oscillation of the electrons of 

the molecules of the material* This may be seen to bo true 

by an examination of the equation; 

all symbols have been defined previously (p. 6)* 

The test procedure was to us© the sample of dielectric 

material as the dielectric in a parallel plate condenser, and 

to measure the capacitance of the setup with a Seneral Radio 

Type 216 Oapacity Bridge* The necessity for operating the 

bridge at some distance from the led-enclosed chamber for 

precautionary purposes presented several difficulties in the 

way of measurement and calculation* The bridge itself, along 

1 Rational Bureau of Standards Handbook #HD 20 ''X-RAY FR0T£)fIGM,,! 



slit!* the necessary auxiliary equipment, amplifiers, meter, 

oscilloscope, and standard condensers, was placed on a table 

near the control cabinet of the X-ray unit* A coaxlcal line 

was ran into the chamber to provide connections to the con¬ 

denser using idle material under test as its dielectric* This 

coax line had a inter-conductor capacity comparable in also 

to the capacity of the test condenser. Also some two feet of 

this line was in the radiated area, so that the effect of 

radiation on this capacity had to be taken into acoount. 

Also various stray capacities had to be taken into account* 

The General Radio Type 216 Capacity Bridge requires a 

power factor balance as well as a capacitive balance* This 

function of the bridge provided a means of measuring the 

amount of ionization in the dielectric at the same time a 

capacity measurement was made. With these things in mind 

the following general procedure was evolvedt 

(1) Tests to determine the variation with radiation of 

the capacity and resistivity of the condenser form®! by the 

coax lead-in, part of which was in the radiated area. 

(2) Testa to determine the variation with radiation of 

the capacity and resistivity of the complete apparatus, coax 

lead-in, holding device, end test condenser* 



(5) Using the results of (1) and (2) to calculate 

the changes in capacity and resistivity of the test conden¬ 

ser, thereby obtaining the desired information on the varia¬ 

tion of dielectric constant with intensity of radiation, 

and the attendant amount of ionisation in the dielectric 

material. 

The test circuit was set up in the manner shown in 

the block diagram on the following page, for several dif¬ 

ferent types of quantities of radiation bridge balances 

for capacity and resistance (power factor) of the coax 

lead-in were obtained, the readings being taken just before 

and during the radiation. 

The parallel plat© condenser was then placed in the 

holding apparatus with, the dielectric sample between the 

plates, f/ith all auxiliary apparatus in exactly the same 

position occupied during the first test, the test condenser 

was radiated according to the schedule followed in 

radiating the auxiliary apparatus alone. Capacity and 

power factor balances were again obtained just before and 

during each period of radiation* 





The seta of data on. pages 15 and 16 were obtained using 

the methods outlined above* The radiation used is defined by 

two quantities* The first is X-ray tube anode current, which 

determines the quantity of X-rays, and is expressed in mill!- 

aaperes* The X-ray tube voltage, which determines the spec¬ 

tral distribution of the radiation, is expressed in peak 

kilovolts* The 3peak1 referred to is the maximum value of 

the half-wave voltage applied to the X-ray tube. 

The bulk of the calculations involved in evaluating 

the results of this data is so large as to make a simple 

presentation of the copied data and calculations almost 

Impossible* The following is an outline of the method 

followed and the formulae usedt 

for the test circuit containing only the coaxial 

lead-in and holding apparatus, (without the test condenser), 

and for both radiated and unradiated conditions, the 

bridge circuit at balance can be represented as shorn 

in Figure 2, page 17. 



Run 
No. 

1 
2 
3 
k 
5 
6 
7 

8 
9 

10 
11 
12 
13 
1U 

15 
16 
17 
18 
19 
20 
21 

22 
23 
23^ 
25 
26 
27 
28 

29 
30 
31 
32 
33 

15 

DATA: PART I: Capacity and Conductance of 
Associated Apparatus 

RADIAT ION 
Quan. Type 
Hi# &• kv-p 

h 30 
u 50 
u 70 
u 90 
u 110 
k 130 
u i5o 

8 30 
8 50 
8 70 
8 90 
8 no 
8 130 
8 150 

12 30 
12 50 
12 70 
12 90 
12 no 
12 130 
12 150 

16 30 
16 5o 
16 70 
16 90 
16 no 
16 130 
16 150 

20 30 
20 50 
20 70 
20 90 
20 no 

UNRADIATED 
c added 

uufd. ohms 

131.97 3800 
131.97 3800 
131.97 3800 
131.97 3800 
131.97 3800 
131.97 3800 
131.97 3800 

131.93 3200 
131.93 3200 
131.93 3200 
131.83 3200 
131.83 3200 
131.73 3200 
131.73 3200 

132.33 51*00 
132.28 51*00 
132.27 5U00 
132.27 5300 
132.19 5200 
132.17 5000 
132.13 1*800 

132.1*2 3700 
132.37 3500 
132.3k 3500 
132.35 3500 
132.3U 3300 
132.31 3300 
132.29 3300 

132.UU 3500 
132.UO 1*700 
132.38 1*100 
132.35 1*200 
132.33 3500 

RADIATED 
G 

uufd. 
^added 

ohms 

131.93 3U00 
131.93 3U00 
131.93 3U00 
131.93 3500 
131.93 3600 
132.05 U200 
131.97 U600 

131.93 3200 
131.93 liOOO 
131.93 U5oo 
131.83 li5oo 
131.81 U5oo 
131.76 5000 
131.72 5000 

132.29 6000 
132.27 6200 
132.23 6200 
132.2k 6300 
132.19 6300 
132.15 6200 
132.1*2 5600 

132.1*1 U200 
132.36 U600 
132.3k U5oo 
132.36 U700 
132.33 5000 
132.29 2000 
132.17 5200 

132.kl 51*00 
132.39 5500 
132.37 5600 
132.35 5800 
132.22 5300 



Run 
Ho. 

1 
2 
3 
U 
5 
6 
7 

8 
9 

10 
11 
12 
13 
Hi 

15 
16 
17 
18 
19 
20 
21 

22 
23 
2l» 
25 
26 
27 
28 

29 
30 
31 
32 
33 

16 

DATA: PART H: CAPACITY & CONDUCTANCE OF 

CONDENSER WITH DIELECTRIC, 

LEAD IN. HOLDING APPARATUS, ETC. 

URRADIATED 

'-Aian Type c ^aude 
aa. kv-p uufd. was 

U 30 170.35 3800 
k 50 170;35 3800 
U 70 170.35 3800 
U ‘ 90 170.33 3800 
U 110 170.30 3800 
U 130 170.25 3800 
h 150 170.22 3000 

8 30 170.lit UOOO 
8 50 170. lij Uooo 
8. 70 170.30 UUoo 
8 90 170.25 UUOO 
8 110 170.21 U200 
8 130 170.19 li 200 
8 150 170.1li liOOO 

12 30 170.32 1|300 
12 50 170.19 3800 
12 70 170.13 3800 
12 90 169.99 Uooo 
12 no 169.93 3900 
12 130 169.95 Uooo 
12 150 169.9U 3900 

16 30 169.82 3800 
16 5o 169.82 3800 
16 70 169.8ii 3800 
16 90 169.78 3800 
16 no 169.8it 3700 
16 130 169.83 3600 
16 150 170.37 UUOO 

20 30 170. Hi U30O 
20 5o 170.10 U300 
20 70 170.07 U300 
20 90 169.97 U200 
20 no 169.98 U300 

RADIATED 

shunt 
ohras C riddle! 

‘"shunt 
ohms 

x 106 uufd. ohms x 106 

88.0 170.35 Uooo 88.0 
88.0 170.32 U300 . 88.0 
88.0 170.33 UUoo 88.0 
88.0' 170.29 U5oo 88.0 
80.0 170.27 U600 88.0 
88.0 170.22 U800 88.0 
80.0 170.22 5000 88.0 

88.0 170.Hi Uooo 88.0 
88.0 170.08 U300 88.0 
88.0 170.27 5000 88.0 
88.0 170.23 5000 88.0 
68.0 170.18 5200 88.0 
88.0 170.16 5300 88.0 
88.0 170.10 5300 88.0 

88.0 170.25 U600 88.0 
88.0 170.1U UUoo 88.0 
88.0 170.16 U600 88.0 
88.0 169.97 5200 88.0 
68.0 169.98 5300 88.0 
88.0 169.92 5500 88.0 
88.0 169.91 56oo 88.0 

88.0 169.82 Uooo 88.0 
88.0 169.8U UUoo 88.0 
88.0 169.85 U800 88.0 
88.0 169.82 U900 88.0 
88.0 169.81 5Uoo 88.0 
88.0 169.80 56oo 88.0 
88.0 170.3U 6500 88.0 

88.0 170.10 U800 88.0 
88.0 170.10 5000 88.0 
88.0 169.97 5300 88.0 
88.0 169.97 5700 88.0 
88.0 169.9U 5900 88.0 





^standard Rltondard ar® ams eontatood v?ithln 

tho bridge# In these tests# thegr aero of equal resistance* 

0^ and aro the variable standard capacity and standard 

resistance mod to balance the 'bridge* 3a and B& are th© 

equivalent shunt eap©oitgr and ©hunt resistance of th© coxial 

lead-in and holding apparatus* At balance# 

<e,-jX, = -jx+x* 

-J&*X* - (^X’l - J X,){^ -J -Xyf) 

- -j*.& -jX,<e, - x, /t. 

Equating reals and iaaginaries# tse have 

(a) <e,&, - x,xA - ^ 

From (a)# we have 

& XA 
-e? 

Substituting (a) tot© (b)# 

&) = X,/Z* 
x, 

«*> + ^)-a 



Setting (X, t 

C/J XV Z3, &, =# 

. ^ _ &/ X, 
v ~  rr  , and from (b) 

<*/ 

faluea of % and li& for both radiated and unradiated con¬ 

ditions are calculated on pages 33 and 3.4/. 

Vihen the condenser with test dielectric ia added to the 

setup, it was necessary to add a resistance in shunt with the 

standard capacity in order to achieve a yower factor balance 

with the resistance decade built into the bridge itself. 

The equival ent circuit of tho 3 standard1' am of the bridge 

was then as shown in Figure 5% page 20. For convenience 

^ of calculation it ia best to reduce this to the equivalent 

circuit of Figure 3b. This circuit can then be reduced 

by means of previously developed equations to the 

circuit of Figure pc* \ 

Referring to those figures, we have 

= / 
£3 (-j 'X's) 
X3B - J X& 

= /2c + X?) + Z&Xe'-j 

<e,g*-*■ -V 
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Since the circuit of Figure 5b is equivalent to Figure 5s, 

v/e have! 

Xj> - 

* 

jerx-B 
&8'

1
' + XB 

/Sc £BXB 

Xg1* 

, and 

Using these values of R& and X^, the values of R© and X© (See 

Figure 5°) can be calculated from the formulae: 

r? XX# + Xp 
^ - —g— ■ md 

+ X#' 

Xz 

Recalling that R© is the equivalent resistance formed 
\ 

by the shunt resistances of the coaxial lead-in and the di¬ 

electric itself, % and R|>, Since the values of both R© 

and R0 are known, the value of R|. can be computed: 

_ XXr' 

From the value of XQ, a capacity 0© can be found. This 

is the equivalent capacity of the capacity of the coax and 

the capacity of the test condenser in parallel* Hence a value 

of test condenser capacity may be calculated. 



22 

All of these calculations are node twice, once for 

the unradiated condition, once for the radiated condition. 

The results of these two sots of calculations are compared 

to determine the change in resistance and capacity with 

radiation. All of these calculations are shorn on pages 

23 through 32. 



Run 
No. 

1 
2 
3 
h 
5 
6 
7 

8 
9 

10 
11 
12 
13 
li* 

15 
16 
17 
18 
19 
20 
21 

22 
23 
21* 

25 
26 
27 
28 

29 
30 
31 
32 
33 

COPIED & CALCULATED DATA; PAGE 1 

Part It: Unradiated 

*1 
fl ohms 

c3, 
uufd. 

ohras, 
x 10'; 

31*00 131.97 1.208 
31*00 131.97 1.208 
31*00 131.97 1.208 
31*00 131.97 1.208 
31*00 131.97 1.208 
31*00 131.97 1.208 
31*00 131.97 1.208 

31*00 131.93 1.208 
31*00 131.93 1.208 
31*00 131.93 1.208 
31*00 131.83 1.209 
31*00 131.83 1.209 
31*00 131.73 1.210 
31*00 131.73 1.210 

31*00 132.33 1.203 
31*00 132.28 1.203 
31*00 132.27 1.203 
31*00 132.27 1.203 
3300 132.19 1.201* 
3300 132.17 1.201* 
3300 132.13 1.201* 

3500 132.1*2 1.202 
3500 132.37 1.203 
3500 132.31* 1.203 
3500 132.35 1.203 
3300 132.31* 1.203 
3300 132.31 1.203 
3300 132.29 1.203 

3500 132.1*1* 1.202 
3500 132.1*0 1.202 
3300 132.38 1.203 
31*00 132.35 1.203 
3300 132.33 1.203 

ohms ohias^ C£ 
x 106 x 10° uufd. 

1*28 1.208 131.97 
1*28 1.208 131.97 
1*28 1.208 131.97 
1*28 1.208 131.97 
1*28 1.208 131.97 
1*28 1.208 131.97 
1*28 1.208 131.97 

1*28 1.208 131.93 
1*28 1.208 131.93 
1*28 1.208 131.93 
1*29 1.209 131.83 
1*29 1.209 131.83 
1*30 1.210 131.73 
1*30 1.210 131.73 

1*26 1.203 132.33 
1*26 1.203 132.28 
1*26 1.203 132.27 
1*26 1.203 132.27 
1*30 1.201* 132.19 
1*30 1.201* 132.17 
1*30 1.201* 132.13 

1*13 1.202 132.1*2 
1*13 1.203 132.37 
1*13 1.203 132.31* 
1*13 1.203 132.35 
1*38 1.203 132.31* 
1*38 1.203 132.31 
1*38 1.203 132.29 

1*13 1.202 132.1*1* 
1*13 1.202 132.1*0 
1*38 1.203 132.38 
1*26 1.203 132.35 
1*38 1.203 132.33 
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COPIED k CALCULATED DATA s PAGE 2 

part IvjS Radiated 

xi fa xa 
Run Rl Ci ohms. ohms. Ca 
Mo. ohss , uufd. x 106 x 106 x 106 uuxd. 

1 3koo 131.93 1.208 k28 1.208 131.93 
2 3kOO 131.93 1.208 k28 1.208 131.93 
3 3kOO 131.93 1.208 k28 1.208 131.93 
k 3500 131.93 1.208 kl6 1^(208 131.93 
5 3600 131.93 1.208 k05 1.208 131.93 
6 U200 132.05 1.205 3k5 1.205 132.05 
7 U600 131.97 1.208 316 1.208 131.97 

8 3li00 131.93 1.208 k28 1.208 131.93 
9 ii200 131.93 1.208 3k7 1.208 131.93 

10 k700 131.93 1.208 310 1.210 131.93 
11 U7Q0 131.83 !1.210 312 1.210 131.83 
12 U7C0 131.81 <1.210 312 1.210 131.81 
13 5200 131.76 1.210 282 1.210 131.76 
Ik 5200 131.72 1.210 202 1.210 131.72 

15 Uooo 132.29 1.203 362 1.203 132.29 
16 li200 132.27 1.203 3k5 1.203 132.27 
17 U200 132.23 1.203 3k5 1.203 132.23 
18 UUoo 132.2k 1.203 329 1.203 132.2k 
19 kkoo 132.19 1.203 329 1.203 132.19 
20 U500 132.15 1.203 322 1.203 132.15 
21 klOO 132.U2 1.20k 35k 1.20k 132.k2 

22 k200 132.U1 1.20k 3k5 1.20k 132.kl 
23 U6oo 132.36 1.20k 313 1.20k 132.36 
2k U5oo 132.3k 1.20k 322 1.20k 132.3k 
25 U700 132.36 1.20k 308 1.20k 132.36 
26 5000 132.33 1.20k 290 1.20k 132.33 
27 5000 132.29 1.20k 290 1.20k 132.29 
28 5200 132.17 1.203 279 1.203 132.17 

29 ii300 132.2k 1.203 337 1.203 132.2k 
30 k200 132.22 1.203 3k5 1.203 132.22 
31 U500 132.18 1.203 322 1.203 132.18 
32 k70Q 132.18 1.203 308 1.203 132.18 
33 U700 132.17 1.203 308 1.203 132.17 



Run 
Ho. 

1 
2 
3 
4 
5 
6 
7 

8 
9 
10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 
21 

22 
23 
2k 
25 
26 
27 
28 

29 
30 
31 
32 
33 

25 

COPIED & CALCULATED DATA: PAGE 3 

Part IIj^: Unradiated  ' 

Rb Re xb 
Cb ohms. ohms. ohms, 

uufd. x 10° x 105 x 106 

170.35 88 3000 0.935 
170.35 88 3800 0.935 
170.35 88 3800 0.935 
170.33 88 3800 0.935 
170.30 88 3800 0.935 
170.25 88 3800 0.935 
170.22 88 3800 0.935 

170. Hi 88 4000 0.936 
170. lit 88 4000 0.936 
170.30 88 44oo 0.935 
170.25 88 4400 0.935 
170.21 88 4200 0.935 
170.15 88 4200 0.935 
170. Ht 88 4000 0.936 

170.32 88 4300 0.935 
170.19 88 3800 0.935 
170.13 88 3800 0.936 
169.99 88 4000 0.937 
169.93 88 3900 0.937 
169.95 88 4000 0.937 
169.9k 88 3900 0.937 

169.82 88 3800 0.930 
169.82 88 3800 0.938 
169.84 , 88 3800 0.938 
169.78 88 . 3800 0.938 
169.84 88 3700 0.938 
169.83 88 3600 0.938 
170.37 88 4400 0.935 

170.14 88 4300 0.936 
170.10 88 4300 0.936 
170.07 88 4300 0.936 
169.97 88 4200 0.937 
169.98 88 4300 0.937 



Run 
No. 

1 
2 
3 
k 
5 
6 
7 

8 
9 

10 
11 
12 
13 
Hi 

15 
16 
17 
18 
19 
20 
21 

22 
23 
2h 
25 
26 
27 
28 

29 
30 
31 
32 
33 

COPIED & CALCULATED DATA: PAGE h 

Part 11^: Unradiated (Continued) 

Rd 

xd ohms ohias 
Xe okras/ Ce 

ohias x 106 x 106 , _o 
x 10 uufd. 

137UO 0.935 63.6 0.935 170.1 
137UO 0.935 63.6 0.935 170.1 
137UO 0.935 63.6 0.935 170.1 
137UO 0.935 63.6 0.935 170.1 
137liO 0.935 63.6 0.935 170.1 
137ijO 0.935 63.6 0.935 170.1 
137UO 0.935 63.6 0.935 170.1 

13950 0.936 62.8 0.936 170.0 
13950 0.936 62.8 0.936 170.0 
13930 0.935 62.8 0.935 170.1 
13930 0.935 62.8 0.935 170.1 
13730 0.935 63.7 0.935 170.1 
13730 0.935 63.7 0.935 170.1 
13950 0.936 62.8 0.936 170.0 

lU2ltO 0.935 61.U 0.935 170.1 
1371:0 0.935 63.6 0.935 170.1 
13750 0.936 63.7 0.936 170.0 
13970 0.938 63.0 0.938 169.7 
13870 0.938 63.5 0.938 169.7 
13970 0.938 63.0 0.938 169.7 
13870 0.938 63.5 0.938 169.7 

13800 0.939 63.9 0.939 169.6 
13800 0.939 63.9 0.939 169.6 
13800 0.939 63.9 0.939 169.6 
13800 0.939 63.9 0.939 169.6 
13700 0.939 6U.U 0.939 169.6 
13600 0.939 6I1.8 0.939 169.6 
1143U0 0.935 61.0 0.935 170.1 

11:250 0.936 61.5 0.936 170.0 
1U250 0.936 61.5 0.936 170.0 
11:250 0.936 61.5 0.936 170.0 
1U170 0.938 62.1 0.938 169.7 
1U270 0.938 61.7 0.938 169.7 



Run 

No. 

1 
2 
3 
a 
5 
6 
7 

8 
9 

10 
11 
12 
13 
ia 
15 
16 
17 
18 
19 
20 
21 

22 
23 
2a 
25 
26 
27 
28 

29 
30 
31 
32 
33 

27 

COPIED & CALCULATED DATA: PAGE 5 

Part IIR: Radiated 

Cb 
uufd. 

fb 
ohms 
x 10^ 

Rc 
ohms 

ohms, 
xlO6 

170*35 "88 aooo 0.93a 
170.32 88 U300 0.93a 
170.33 88 aaoo 0.93 a 
170.29 88 a5oo 0.93a 
170.27 88 a6oo 0.93a 
170.22 88 aeoo 0.935 
170.22 88 5000 0.935 

170.ia 88 aooo 0.935 
170.08 88 U3O0 0.935 
170.27 08 5000 0.93a 
170.23 88 5000 0.935 
170.18 88 5200 0.935 
170.16 88 5300 0.935 
170.10 88 5300 0.935 

170.25 88 a6oo 0.935 170.ia 88 aaoo 0.935 
170.16 88 aooo 0.935 
169.97 88 5200 0.937 
169.98 88 5300 0.937 
169.92 88 5500 0.937 
169.91 88 5600 0.937 

169.82 88 aooo 0.938 
169.8U 88 aaoo 0.938 
169.85 88 aeoo 0.938 
169.82 88 a9oo 0.938 
169.81 88 5aoo 0.938 
169.80 88 5600 0.938 
170.3a 88 6500 0.935 

170.10 88 asoo 0.936 
170.10 88 5000 0.936 
169.97 88 5300 0.937 
169.97 88 5700 0.937 
169.9a 88 5900 0.937 



Run 

No. 

1 
2 
3 
h 
5 
6 
7 

8 
9 

10 
11 
12 
13 
Ik 

15 
16 
17 
18 
19 
20 
21 

22 
23 
2k 
25 
26 
27 
28 

29 
30 
31 
32 
33 

28 

ohms 

13900 
11*200 
11*300 
11*1*00 
11*500 
11*630 
33*930 

13930 
Ht23Q 
11*900 
11*930 
15130 
15230 
15230 

11*530 
11*330 
11*530 
15180 
15280 
151*80 
15580 

13990 
11*390 
11*790 

, 11*890 
•15390 
15590 
161*30 

11*760 
11*960 
15280 
15680 
15880 

COPIED & CALCULATED DATA: PAGE 6 

Part Ilg: Radiated (Continued) 

lte 

duns 
X 

ohfiSr ce 
x 106 x 10? x 106 uufd. 

0.931* 6.27 0.931* 170.2 
0.93U 6.11* 0.931* 170.2 
0.931* 6.10 0.931* 170.2 
0.93U 6.05 0.931* 170.2 
0.931* 6.01 0.931* 170.2 
0.935 5.93 0.935 170.1 
0.935 5.85 0.935 170.1 

0.935 6.27 0.935 170.1 
0.935 6.11* 0.935 170.1 
0.931* 5.85 0.931* 170.2 
0.935 5.85 0.935 170.1 
0.935 5.77 0.935 170.1 
0.935 5.71* 0.935 170.1 
0.935 5.71* 0.935 170.1 

0.935 6*01 0.935 170.1 
0.935 6.10 0.935 170.1 
0.935 6.01 0.935 170.1 
0.937 5.78 0.937 169.8 
0.937 5.75 0.937 169.8 
0.937 5.67 0.937 169.8 
0.937 ; 5.63 0.937 169.8 

0.938 6.29 0.938 169.7 
0.938 6.12 0.938 169.7 
0.938 5.95 0.938 169.7 
0.938 5.91 0.938 169.7 
0.938 5.72 0.938 169.7 
0.938 5.65 0.938 169.7 
0.935 5.32 0.935 170.1 

0.936 5.91* 0.936 170.0 
0.936 5.86 0.936 170.0 
0.937 5.75 0.937 169.8 
0.937 5.60 0.937 169.8 
0.937 5.53 0.937 169.8 



Run 
No. 

1 
2 
3 
8 
5 
6 
7 

8 
9 

10 
11 
12 
13 
lit 

15 
16 
17 
18 
19 
20 
21 

22 
23 
28 
25 
26 
27 
28 

29 
30 
31 
32 
33 

29 

COPIED & CALCULATED DATA: PAGE 7 

Part III&: Unradiated 

“e 
ohms, 

. “a 
ohms. obis 

x 106 x 106 x 10? 

63.6 It 28 7.87 
63.6 U28 7.87 
63.6 2*28 7.87 
63.6 828 7.87 
63.6 it 28 7.87 
63.6 U28 7.87 
63.6 it28 7.8? 

62.8 U28 7.37 
62.8 It28 7.37 
62.8 it28 t 7.37 
62.8 829 l 7.36 
62.7 h2 9 i 7.33 
62.7 830 7.38 
62.8 830 7.36 

61.14 826 7.18 
63.6 826 7.88 
63.7 826 7.50 
63.0 826 7.30 
63*5 830 7.86 
63.0 830 7.38 
63.5 830 7.86 

63.9 813 7.62 
63.9 813 7.62 
63.9 813 7.62 
63.9 813 7.62 
6li.it 838 7.58 
6U.8 838 7.62 
61.0 838 7.09 

61.5 813 7.23 
61.5 813 7.23 
61.5 838 7.16 
62.I 826 7.28 
61.7 838 7.19 

C-* 
uufd. uufd. 

Of 
uufd. 

170.1 132.0 •38.1 
170.1 132.0 38.1 
170.1 132.0 38.1 
170.1 132.0 38.1 
170.1 132.0 38.1 
170.1 132.0 38.1 
170.1 132.0 38.1 

170.0 . 131.9 38.1 
170.0 131.9 38.1 
170.1 131.9 38.2 
170.1 131.8 38.3 
170.1 131.8 38.3 
170.1 131.7 30.8 
170.0 131.7 38.3 

170.1 132.3 37.8 
170.1 132.3 37.8 
170.0 132.3 37.7 
169.7 132.3 37.8 
169.7 132.2 37.5 
169.7 132.2 37.5 
169.7 132.1 37.6 

169.6 132.8 37.2 
169.6 132.8 37.2 
169.6 132.3 37.3 
169.6 132.3 37.3 
169.6 132.3 37.3 
169.6 132.3 37.3 
170.1 132.3 37.8 

170.0 132.8 37.6 
170.0 132.8 37.6 ' 
170.0 132.8 37.6 
169.7 132.3 37.6 
169.7 132.3 37.6 
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COPIED & CALCULATED DATA: PAGE 8 

Part Illg: Radiated 

Re Ra Rf 
Run ohms. ohms ohms OQ ca C 
Ho. x 105 x IQ6 x 107 uufd. uufd. uuxd, 

1 62.7 h2B 7.35 170.2 131.9 38.3 
2 61. U U28 7.17 170.2 131.9 38.3 
3 61.0 U28 7.12 170.2 131.9 38.3 
it 6o.5 ia6 7.10 170.2 131.9 38.3 
5 60.1 1*05 7.05 170.2 131.9 38.3 
6 59.3 3ii5 7.15 170.1 132.0 38.1 
7 58.5 316 6.96 170.1 132.0 38.1 

8 62.7 1*28 7.36 170.1 131.9 38.2 
9 61.1- 3k7 7.09 170.1 131.9 38.2 

10 58.5 310 7.22 170.2 131.9 38.3 
11 58.5 312 7.21 170.1 131.8 33.3 
12 57.7 312 -7.09 170.1 131.8 38.3 
13 57.ii 282 7.10 170.1 131.8 30.3 
1U 57.U 282 7.10 170.1 131.7 38.li 

15 60.1 362 7.20 170.1 132.3 37.0 
16 61.0 3ii5 7.1a 170.1 132.3 37.3 
17 60.1 3U5 7.28 170.1 132.2 37.8 
18 57.8 329 7.02 169.8 132.2 37.6 
19 57.5 329 6.97 169.8 132.2 37.6 
20 56.7 322 6.89 169.8 132.2 37.6 
21 56.3 35U 6.69 169.8 132.it 37.U 

22 62.9 3U5 7.69 169,7 132.ii 37.3 
23 61.2 313 7.59 169.7 132.8 37.3 
2it 59.5 322 7.31 169.7 132.3 37.ii 
25 59.1 308 7.31 169.7 132.ii 37.3 
26 57.2 290 7.12 169.7 132.3 37.1i 
27 56.5 290 7.03 169.7 132.3 37.U 
28 53.2 279 6.56 170.1 132.2 37.9 

29 59.U 337 7.19 170.0 132.2 37.8 
30 58.6 385 7.0 6 170.0 132.2 37.8 
31 57.5 322 7.02 169.8 132.2 37.6 
32 56.0 308 6.8U 169.8 132.2 37.6 
33 55.3 308 6.73 169.8 132.2 37.6 



Hun 
No. 

1 
2 
3 
h 
5 
6 
7 

8 
9 

10 
11 
12 
13 
1U 

15 
16 
17 
18 
19 
20 
21 

22 
23 
21* 
25 
26 
27 
28 

29 
30 
31 
32 
33 

31 

COPIED & CALCULATED DATA: PAGE 9 

Part IV: Comparison: Radiated & Unradiated „ 
Conditions 

of Equivalent Shunt Resistances 

Rjf Sf 
Radiation 

(Juan Type 
a.a. kv-p 

Unradiated 
ohms 

x 107 

Radiated 
ohms 

x 10? 

^Rf 
dims 

x 10' 
* 

Change 

h 30 7.1*7 7.35 0.12 -1.61 
h 50 7.1*7 7.17 0.30 —1**02 
h 70 7.1*7 7.12 0.35 -!*.58 
h 90 7.1*7 7.10 0.37 -U.95 
1*. 110 . 7.1*7 7.05 0.1*2 -5.62 
k 130 7.U7 7.15 0.32 ■5*14.28 
1* 150 7.1*7 6.96 0.51 —6.82 

8 30 7.37 7.36 0.01 -O.li* 
8 50 7.37 7.09 0.28 -3.80 
8 70 7.37 7.22 0.15 -2.03 
8 90 7.36 7.21 0.15 -2.01* 
8 no 7.33 7.09 0.21; -3.26 
8 130 7.31* 7.10 0.21* -3.27 
8 150 7.36 7.10 0.26 -3.53 

12 30 7.18 7.20 0.02 /0.28 
12 50 7.1*8 7.1*1 0.07 -0.91* 
12 • 70 7.50 7.28 0.22 -2.93 
12 90 7.30 7.02 0.28 -3.83 
12 no 7.1*6 6.97 0.1*9 -6.57 
12 130 7.38 6.89 0.1*9 -6.61* 
12 150 7.1*6 6.69 0.77 -10.32 

16 30 7.62 7.69 0.07 /0.92 
16 50 7.62 7.59 0.03 -0.39 
16 70 7.62 7.31 0.31 -1*.17 
16 90 7.68 7.31 0.31 -4*.17 
16 no 7.51* 7.12 0.1*2 -5.58 
16 130 7.62 7.03 0.59 

0.53 
-7.75 

16 150 7.09 6.56 -7.1*8 

20’ 30 7.23 7.19 o.oi* -0.55 
20 50 7.23 7.06 0.17 -2.35 
20 70 7.16 7.02 O.li* -2.00 
20 90 7.28 6.81* 0.1,1* —6.0i* 
20 no 7.19 6.73 0.1*6 —6.1*0 
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PART ¥: COMPARISON OF EQUIVALENT SHUNT CAPACITANC ES: 
RADIATED A! W UNRADIATED CONDITIONS 

RADIATION Of Cf 

Run Quan Typo Unradiated Radiated El G*. 
Ho. kv-p uufd uufd uufd 

1 u 30 38.1 38.3 /0.2 
2 14 50 38.1 38.3 /0.2 
3 u 70 36.1 38.3 /o.a 
k k 90 38.1 38.3 /0.2 
5 u 110 38.1 38.3 /0.2 
6 h 130 38.1 38.1 0.0 
7 u 150 38.1 38.1 0.0 

8 ' 8 30 38.1 38.2 /o.l 
9 8 50 38.1 38.2 /O.l 

10 8 70 38.2 38.3 /O.l 
11 8 90 38.3 38.3 0.0 
12 8 110 38.3 38.3 0.0 
13 8 130 38.U 38.3 -0.1 
1 u 8 150 38.3 38.U /O.l 

10 12 30 37.8 37i8 0.0 
16 12 50 37.8 37.8 0.0 
17 12 70 37.7 37.8 /O.l 
18 12 90 37.u • 37.6 /0.2 
19 12 no 37.5 37.6 /0.1 
20 12 130 37.5 37.6 /O.l 
21 12 150 37.6 37.U -0.2 

22 16 30 37.2 37.3 /O.l 
23 16 50 37.2 37.3 /O.l 
2h 16 70 37.3 37.ii /O.l 
25 16 90 37.3 37.3 0.0 
26 16 no 37.3 37.li /O.l 
27 16 130 37.3 37. U /O.l 
28 16 150 37.8 37.9 /O.l 

29 20 30 37.6 37.8 /0.2 
30 20 50 37.6 37.8 /©•2 
31 20 70 37.6 37.6 0.0 
32 20 90 37.6 37.6 0.0 
33 20 no 37.6 37.6 0.0 



The results of these calculations are somewhat dif¬ 

ficult of ©valuation, for a variety of reasons# The values 

calculated for the change in capacity of the test condenser 

are somewhat erratic, having both positive and negative values 

Moreover there is no apparent relation between the capacity 

increment and the intensity of the X-radiation, There were 

several conditions which could account for the erratic results 

The actual talcing of data extended over a period of several 

days, during which time the bridge circuit was partially 

disassembled several times, as one or more of the elements 

was required in other experiments# Reassembly of the cir¬ 

cuit could easily have resulted in a change of stray capa¬ 

citance of the order required to explain the erratic results 

Obtained. That this was moat probably the case may be seen 

from a close examination of the observed data# 

Assuming that this was the case, it would sees that a 

change in dielectric constant was not detected in this experi¬ 

ment* However, a curious fact was noted* The capacity of the 

coax lead-in apparently changed trader radiation# The effect 

was in a negative direction, and apparently persisted for some 

length of time. Since the coax line itself was not tinder 

investigation, no particular attention was paid to this 

phenomenon at the time, a similar effect (though small and in 



the opposite direction) being expected in the teat dielectric 

sample itself* Since the effect observed was in a direction 

opposite to that predicted by the theory, it say be supposed 

that the observed effect was due to some other cause, pos¬ 

sibly a chemical change in the insulation between the con¬ 

ductors of the coax. 

The results of the equivalent shunt resistance cal¬ 

culations are less erratic than the capacity calculations. 

However, they do not follow an entirely regular pattern, 

especially for radiation of small quantity* The irregularity 

encountered in these low ranges of radiation was Inherent in 

the method of measurement. Despite all possible precautions, 

the use of wave filters and external amplification, and two 

methods of null detection, the power factor adjustment was 

not at all critical, causing the resistance readings to be 

of poor accuracy. In addition to this factor, three others 

caused tho resistance calculations to bo of doubtful accuracy* 

(1) Contact between the plates of the test condenser 

and the dielectric 'was not intimate, which would tend to cause 

the resistance value to be high. 

(2) No attempt was made to take into account the shunt 

air paths, which contained ions in sufficient quantity to 

influence a resistance balance. 
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(5) Dielectric hysteresis was present in undetermined 

quantity. An exact determination of the amount of this 

hysteresis was impossible for a number of reasons, one of 

which was the prevalence of strong stray fields in the test 

room which prevented the taking of the necessary data in a 

satisfactory manner. 

For these reasons the calculated data is of very 

doubtful value and hence the results were not plotted in 

the form of curves or graphs, as they would serve no useful 

purpose. 

The next part of the experiment consisted in the develop- 

ment of methods and techniques of measuring the resistance of 

the dielectric samples. Preliminary investigations showed 

that within the dimensions of the samples available, resis¬ 

tances of the order of several thousand megohms would be 

encountered* This figure is at considerable variance with 

the resistance calculated from tho capacity bridge measure¬ 

ments, the two figures being of a different order of magni¬ 

tude. Accordingly the development of electronic devices to 

measure resistances of this order was begun. Considerable 

experimentation was done on direct-coupled amplifiers of 

various types, and a two stage direct—coupled amplifier 

followed by a vacuum tube voltmeter circuit was constructed* 



The sensitivity of the device was so high, however, that stray 

fields present in the room were of such magnitude as to block 

the amplifier* Attempts to shunt out all A O. voltages x/ith 

large capacitances proved a failure, as the device then be¬ 

came extremely unstable* 

Finally, however, an entirely different type of DO 

amplifier—converter instrument was developed and readied for 

use. This instrument is described more completely in Appen¬ 

dix II. A perfect balance in the converter circuit was un¬ 

obtainable however, and the instrument was never used. An 

external fixed-frequency constant-amplitude oscillator wm 

required for the operation of this instrument, so a device 

of unusual design to meet this requirement was developed. 

This device is also described in Appendix II* 

At this time a General Radio Company ilegohmmetar 

became available for use. fhia instrument lias an effective 

upper limit of ten. thousand megohms which was sufficient 

for the teat3 contemplated* The necessary measuring equip¬ 

ment being available, a suitable test procedure was required. 

In evfcluabing the results of the resistance measurements, 

it is necessary to devise acme .method by which the conductances 

Of the shunt air paths and the shunt coax path (which exist 

only under radiation, the shunt resistance of the unrediated 



coax lead being higher than the usable rang© of the meter) may 

be separated from the conductance of the sample under test. 

The presence of free ions in the air under radiation, and the 

shunt resistance of the coax path, together with the resistance 

of the path through the dielectric itself constitute a three 

parallel branch resistance network. An analysis of the problem 

provided the following method of separating these quantitiest 

Referring to Figure 4, page 3&t it will be noticed that 

the sample under tost is supported in the X-ray beam by two 

rigid cylindrical rods. The shaded area on the surface of 

the sample is coated with a thin layer of graphite, to form 

an equipotential surface. Identical coated areas were placed 

on each side of the sample, the circular areas being concentric 

with the dimensions of the sample. 

The method of separation used rests on tile following 

assumptions: 

(1) The conductivity of the coax insulation is in¬ 

variant for a given amount arid type of radiation. 

(2) The resistance of the shunt air path follovrs the 

laws 

R ** r*l/A, where 

r = specific resistivity 
1 - length of path 
A = cross-sectional area of the current path, an average 

value being taken here. 
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(5) Specific resistivity of air path ia invariant for 

a given amount and typo of radiation. 

The procedure used was to take two or more sots of data 

using different diameters for the graphitod areas. Defining 

R,j as the resistance of the path through the dielectric mate¬ 

rial, Rc as the shunt resistance of the coaxial lead, and RQ 

as the shunt resistance of the air paths between the graphitod 

areas, the following equations may be written, in which the 

subscripts 
ai“ refer to the test mad© with graph!ted areas of 

diameter and tho subscripts n2'9 refer to the teat made 

with graohited areas of diameter dgs 

, -U 

•<?« * 
+ -L- _ / 

/ , —f- 

^ * ^2. 

/ 

, where 

R*X and R^g are the equivalent resistances of the complete 

setup. These resistances could be road directly on the 

Megohmmetor. 

The resistances of the patios through the dielectric 

material are inversely proportional to the areas of the 
> 

graphitod surfaces, and hence are inversely proportional 

to the squares of the diameters of the areas. 
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One of the assumptions made was that the resistance of 

the shunt air path followed the law 

Eg = r y 1. . 

Denoting the lengths of the shunt paths as 1, and Ig, 

and referring to the Figure 4, page 58* it ia seen that as a 

first approximation^ s 

= {£>-d,) +■ £ , and 

Assuming the shunt current to flow in a sheet of thick¬ 

ness "q", wo have the formulae\ 

j(? _ ^(D-c/.) _ ... 
^-f^cep) + fv-2> 

P> _ rSD-g'z) , r~£ 
J* ^zr(S^sh-) f^U) 

1 Ho attempt waa made to utilise the methods of field plotting 

hero as too many unknown quantities were involved. 
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/e —f ~fn '20>-4) . *7 

J>J 

« — r2 ('p-c/*) &i 
^ f^L + z>J 

, f 1 

^7 
/ ^c/i. +£ /p> 
2<2?+dt) . £ / 

St 

L 3?+ar, Z> J 
By these geometrical relationships, the original equations 

are now reduced to the forms 

, _L_ , _J__ / 

ySS/ ~ *r, 

-t -L. + ' / 
/^>/ 't? 

Since is the quantity under investigation, we shall derive 

the expression for it* 

Rewriting the two simultaneous equations above, and 

multiplying the second of these by the factor nKs", we haves 

(9) 
/ * « -J— 

/ 

&) 
*3 + ** Ao ^e>t 

-+ ■- - 

Subtracting (b) from (a), we have 



Inverting, and multiplying equation by Zi, we have 

In the experiment the various dimensions are aa follows! 

z> - 4 £ //rtzA&’S if ~ 

4 - £4 /wc^&s' <3(2 - 

** ^z> = a. 444 

- 4 4S4 

, <3^0^ 

The equation for R^ can then be written empirically ass 

0. 42Z  

^ = £{4*46)+ **** ~ 
£jz r' 

With the experimental procedure and method of cal¬ 

culation determined beforehand, several complete sets of data 

using several samples of the dielectric material "ReaamineR* 

were made. 

1 Product of the Gannon Electric Development Company. 



A complete set of resistance data was taken with no di¬ 

electric material in the holder* and with the ohimt air paths 

lengthened to the point where their effect was insignificant. 

This aet of data then provided a measure of the shunt resis¬ 

tance of the coaxial line (R0). 

Complete sets of data were taken with graphite spots of 

2»0a and 5*0” diameter, following the same radiation schedule 

as used to get to various values of R0. The results were then 

calculated from the formula previously derived. As the results 

were poor, the data and calculations are given for only one 

test run. (See pages 45(a) and.45(b).) 

The results of the calculations made from the data taken 

as described above are recorded in the last column of data on 

page 45, where the calculated resistances of the material with 

the two-inch graphited area, under radiation, are tabulated. 

Obviously something was wrong, either with the assumptions 

made in deriving the formula used for the calculation, or 

in the experimental process. The experimental method was 

checked for possible error, and runs were made on several 

other samples, all of which showed similar results. The 

trouble then must lie with either the assumptions made in 

deriving the formula used in the calculations or in a tacit 

assumption made (but not written down) which was not valid. 
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DATA TAKEN ON "PLASKON" SAMPLE, 
RESISTANCE MEASUREMENTS 

COAX & APPARATUS dn * 2.0" d;> - 3.0" 
.HAD IA HON RESISTANCE RESISTANCE RESISTANCE 

Initial Radiated Initial Radiated Initial Radiated 
Run Quan Type ohms ohms ohsasQ OllElSg ohms„ ohms 
No. m.a* kv-p x 109 x 109 x 10? x 10 x 109 x 109 

1 u 30 Infinite 10.6 8.0 4.20 3.55 2.70 
2 it 50 Infinite 6.2 8.0 3.10 3.55 2.20 
3 u 70 Infinite 4.9 8.0 2.70 3.55 1.95 
4 90 Infinite 4.1 c.o 2.50 3.55 1.80 
5 u no Infinite 3.6 8.0 2.33 3.55 1.72 
6 u 130 Infinite 3.3 8.0 2.20 3.55 1.62 
7 u 150 Infinite 3.0 8.0 2.10 3.55 1.56 

8 6 30 Infinite 9.5 8.0 3.70 3.55 2.60 
9 6 50 Infinite 5.4 8.0 2.70 3.55 2.08 

10 6 70 Infinite 4.0 8.0 2.30 3.55 1.82 
n 6 90 Infinite 3.4 ■ 8.0 2.08 3.55 1.65 
12 6 no Infinite 3.0 8.0 1.90 3.55 1.51 
13 6 130 Infinite 2.65 8.0 1.80 3.55 1.41 

l4 8 30 Infinite 7.3 8.0 3.40 3.55 2.40 
15 8 50 Infinite 4.6 8.0 2.53 3.55 1.94 
16 8 70 Infinite 3.5 8.0 2.10 3.55 1.70 
17 8 90 Infinite 3.25 8.0 1.90 3.55 1.50 
18 8 no Infinite 2.95 8.0 1.75 3.55 1.39 

19 10 30 Infinite 7.0 8.0 3.20 3.55 2.30 
20 10 50 Infinite 4.25 8.0 2.35 3.55 1.86 
21 10 70 Infinite 3.20 8.0 1.92 3.55 1.60 
22 10 90 Infinite 2.90 8.0 1.72 3.55 1.41 
23 10 no Infinite 2.65 8.0 1.62 3.55 1.20 

2k 12 30 Infinite 6.0 8.0 3.10 3.55 2.23 
25 12 50 Infinite 3.75 8.0 2.20 3.55 1.75 
26 12 70 Infinite 3.0 8.0 1.00 3.55 1.53 
27 12 90 Infinite 2.65 8.0 1.62 3.55 1.36 



U3(b) 

CALCULATED RESISTANCE OF "PLASKOH” SAMPLE 

Wm 2.0” DIAMETER CONDUCTION AREA 

UnraSated 
frdi 

Radiated 
Run ohms ohms 
No. x 109 x 109 

1 8.0 -1.22 
2 8.0 -0.78 
3 8.0 -0.85 
h 8.0 -1.1*7 
5 8.0 -1.69 
6 8.0 -2.75 
7 8.0 -7.33 

8 8.0 -0.58 
9 8.0 -0.U3 

10 8.0 § -0.85 
11 8.0 -0.1*9 
12 8.0 -0.51 
13 8.0 —0.8l 

lit 8.0 -0.73 
15 8.0 -0.52 
16 8.0 -0.1*2 
17 8.0 -0.1*0 
18 8.0 -0.37 

19 8.0 -0.59 
20 8.0 -0.1*2 
21 8.0 -0.3U 
22 8.0 -0.31 
23 8.0 -0.67 

2U 8.0 -0.82 
25 8.0 -0.1*5 
26 8.0 -0.29 
27 8.0 -0.29 



Tftks last possibility seems to be the most probable, al¬ 

though one of the declared assumptions (that of the length and 

cross-sectional area of the shunt air path) Is true only to a 

first approximation. There Is one condition which exists under 

radiation which was not fully taken into account* It is the 

fact that the air surrounding the dielectric under test is 

partially ionised* Another set of paths may be hypothesised, 

partly in air, partly in the dielectric material outside of 

the graphitod areas* This action destroys or rather modifies 

the geometrical relations which were used to develop the 

equation used in calculating the results, rendering it invalid* 

An inspection of the equation will reveal that increasing the 

effective size of the conduction area through the dielectric 

material would adjust the results in the proper direction, so 

it would seem likely that this effect was primarily respon¬ 

sible for the poor results obtained* 

All attempts to find a method of calculation to include 

all of the effects mentioned above were failures* All methods 

proposed led inevitably to field plotting, which for the given 

configuration would be tremendously difficult* In addition, 

each new proposed method required that certain assumptions be 

made, toe validity of which was open to some question* There¬ 

fore it seemed advisable to develop a new experimental method 



rather than to try to achieve reaulta from the measurements 
* 

already made* 

Analysis of the difficulties encountered in this resis¬ 

tance measurement indicated that proper use of a guard-ring 

technique sight provide usable data, which would be susceptible 

to simple calculation and ©valuation. Accordingly, samples of 

the dielectric material "Plaskon”^ were prepared as shown in 

figure % page 46* The shaded areas were desired to be equi- 

potential surfaces, and it was also desired that the conductor 

material be very thin (so as to stop as little of the radia¬ 

tion ae possible), and that it be in intimate contact with 

the surface of the dielectric material. These requirements 

were met by spreading a graphite film over the shaded areas* 

These areas were first blackened with aoft pencil lead and 

then coated with r'Aquadags 
11 a commercially available col¬ 

loidal suspension of graphite in water* This treatment 

produced a film which wotted the surface of the dielectric 

and provided a very good approximation of an equipotential 

surface* 

A schematic of the setup used to take the necessary 

data is shown in Figure 6, page 4?* Mote that the General 

Badio Megohmaeter merely measures with a vacuum tube voltmeter 

1 Product of the Oannon Electric Development Company. 
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circuit that portion of tho 22*5 volte impressed on the measuring 

circuit which appears across ■Hie standard resistance, which in 

this case was 1000 mejohsas. Knowing the value of this standard 

resistance, it is possible to calculate, for any giving reading 

of the meter, what voltage ms present across the resistance 

being measured. 

This fact made possible the use of the folio-wing method 

for effective use of tho guard-ring* The purpose of the guard¬ 

ring was two-folds 

(1) to eliminate fringing at the edges of the eqttipoten- 

tial areas, and 

(2) to eliminate from the measuring circuit the shunt 

currents flowing through the partially ionised air. 

It was thought that both of these purposes would be realised 

if the guard ring was at exactly the same potential, with 

respect to the surface on the other side of the test material, 

aa tho center conducting area* However, the potential of the 

guard ring could not be pre-set, ac the resistance of the 

sample under radiation was not known. For this reason a met¬ 

hod of successive approximations was followed. Starting with 

any value of guard-ring potential, the resistance as indicated 

on the meter (See Figure 6) was read, and the voltage across 

the teat sample was computed. The guard-ring was then set at 



this potential by moans of the potentiometer* A new reading 

was then taken, and the adjustment process repeated* Usually 

after one or two of such approximations, the correct value of 

the guard-ring potential was achieved, and the final meter 

reading was recorded aa the resistance through the sample of 

an area very closely equivalent to that of the circular graph- 

lied area* Using this method several complete sets of data 

were obtained on samples of both flPlaakonff and "Reslaino." 

Here again it ia necessary to take into account, in 

the final calculations, the shunt conductance offered by the 

coaxial lead-in. Also it was assumed that seme shunt air 

paths existed. To get an accurate measurement of these 

quantities, it was necessary to set up the..identical field 

and radiation conditions as existed when the resistance 

measurement was made on the dielectric sample. These fields 

could be set up easily, for they were accurately, known from 

the previous resistance measurement. A field corresponding 

to each of the previous measurements was established, the 

setup was radiated, and the resistance measured* This measure¬ 

ment included all resistances except that of the ample. 

Values of this resistance are recorded as Re on page %. 

The calculation of the sample’s resistance was then 

merely the solution of a two-branch parallel resistance network, 



where the overall resistance and the resistance of one of the 

parallel branches was known* To make for greater accuracy, 

for each value of X-ray tube current a curve of overall resis¬ 

tance versus tube kilovolts®© and a curve of shunt resistance 

versus tube kilovoltage were drawn* Values taken from -these 

tv.'o curves were used in the calculation of the resistance of 

the dielectric sample* The results of this calculation for 

one value of X-ray tube current are shown on page 52* (These 

calculations were made from the data on page 51, which was 

taken on one sample only*) Here again it is seen that the 

results are not reasonable. 
\ 

Although these tests were run with extreme care, and 

every effort was made to eliminate the effect of shunt air 

paths in the apparatus, still the results are obviously fal¬ 

lacious, and the difficulty, may once again be traced to 

unaccounted for air paths* Due to the complexity of the 

fields encountered in this setup, no practicable method 

of calculating the effect of these air paths was found* 

The results of the foregoing experiments are either 

negative or inconclusive* However, going on the assumption 

that the material radiated did suffer some sort of change 

in characteristics, a series of tests was made to determine 

the recovery time of the specimen* The nature of the 
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DATA TAKEN ON SAMPLE OF «PIASKON“, 
USING GUARD-RING TECHNIQUE 

RADIATION  RESISTANCE   
Unraciiated Radiated Unradiated 

Eun Qll3.Il • Type • ohms ohxas ohms 
No. m«a« kv-p x 10? x 109 x 10^ 

1 U : 30 U.65 3.75 Infinite 
2 h 5o U.65 3.35 .Infinite 
3 u 70 U.65 3.15 Infinite 
U u 90 u.65 3.00 Infinite 
5 u no U.65 2.85 Infinite 
6 u 1>0 U.65 2.80 . Infinite 

7 6 30 U.65 3.65 Infinite 
8 6 50 U.65 3.20 Infinite 
9 6 70 U.65 3.00 Infinite 

10 6 90 U.65 2.80 Infinite 
n 6 no U.65 2.75 Infinite 
12 6 130 U.65 2.68 Infinite 

13 8 30 U.65 3.50 Infinite 
lii 8 50 U.65 3.10 Infinite 
15 8 70 U.65 2.80 Infinite 
16 8 90 U.65 2.70 Infinite 
17 8 no U.65 2.65 Infinite 

18 • 10 30 U.65 3.U5 Infinite 
19 10 5o U.65 3.00 Infinite 
20 10 70 U.65 2.75 Infinite 
21 10 90 U.65 2.65 Infinite 
22 10 no U.65 2.58 Infinite 

23 12 30 U.65 •3.U0 Infinite 
2ii 12 50 U.65 2.95 Infinite 
25 12 70 U.65 2.70 Infinite 
26 12 90 U.65 2.60 Infinite 

Radiated, 
ohms 
x 10? 

13.0 
7.9 
5.7 
U.5 
3.75 
3.1*0 

11.5 
6.05 
U.U 
3.U 
2.85 
2.60 

10.2 
5.25 
3.65 
2.85 
2.1*5 

9.3 
U.7 
3.25 
2.5 
2.18 

8.8 
U»2 
2.9 
2.3 
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II * £1 * 

CALCULATION FOR RDIBLECTEIG* 

PLASKON SAMPLE #1 

CURVED VALUES 
kv-p Hc 

30 10.2 
50 5.25 
70 3.65 
90 2.85 
no 2.U5 

H «d q 

X W 
3.5 5.33 
3.05 7.27 
2.80 12.76 
2.70 51.3 
2.65 -32. U 



measuring equipment (the mogohmeter) was such that the instru¬ 

ment itself had an appreciable time constants but a special 

procedure eliminated this factor from the data. In this test 

no guard-ring was required. The teat sample had circular 

graphitod areas on either aide, to uhich the megohsmster 

leads ware attached* The megohssaoter was shorted at the 

meter, and sufficient time was allowed for the system to 

become completely discharged. The sample was then radiated 

for a definite length of time (JO seconds), and at the 

instant the radiation ceased, the short was removed from 

the ohsraeter and a stopwatch was started. When the meter 

reading reached a certain fraction of its final reading, 

the watch was stopped and a reading taken. 

The results of this experiment are recorded on page 

J4. The times are recorded in hundreihs of a second* The 

watch could be read to 0.02 seconds, but as the data would 

indicate, the accuracy of the time measurement for any on© 

time measurement was not better than - 0.1 second at best. 

The human factor was present at several points. The short 

across the mogohnsaeter had to be removed at the came instant 

the watch was started, and both these actions had to be per¬ 

formed just as radiation of the material ceased. The end 

of the timing period ocourred as the motor pointer moved past 
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RECOVERY TIME DATA 

Time Required to Reach 3.5/5*5 of Final Value 

(]uan. Type 1 

30 5.31* 
50 5 .U8 
70 5.50 
90 5.1*6 

110 5.1*0 
130 5.38 

90 5*52 
90 5.1*2 
90 5.1+8 
90 5.1*2 
90 5.1*1* 

Trial Ho. 
2 3 ^r~ T“ Average 

5.U2 5.51* 5.50 5.1*0 5.1*1* 
5.36 5.50 5.52 5.1*1* 5.1*6 
5.1*2 5.38 5.U0 5.1*8 5.1*1* 
5.1+0 5.50 5.38 5.1*2 5.1*3 
5.1*0 5.1*2 5.1*1* 5.1*2 5.1*2 
5.38 5.1*6 5.1*1* 5.1*8 5.1*3 

5.1*1* 5.36 5.1*1* 5.38 5.1*1* 
5.1+6 5.1*0 5.1*2 5.30 5.1*0 
5.36 5.50 5.1*8 5.31* 5.1*3 
5.1*2 5.38 5.3U 5.50 5.1*1 
5.1*2 5.U0 5.1*2 5.1*1* 5.1+2 

5.1*0 5.38 5.1*6 5.50 5.1*3 Unradiateds 5.1*0 



a line on the scale. Anticipatory error of some magnitude is 

to be expected in such a case. Several readings were taken 

at each radiation to reduce the probable error* The averaged 

values seem to vary little and according to. no definite pat¬ 

tern. However, the results of this recovery-time test must 
f 

be considered to be inconclusive rather than negative. It 

is quite possible that some small value of recovery time does 

exist, but was hidden by the magnitude of the recovery time 

of the unradiated system. 

In anticipation of more definite results from the experi¬ 

ments described above, it wat desired to find some method of 

measuring the intensity of an X-ray beam relative to some 

standard. Then the expected results could have been inter¬ 

preted as some function of radiation intensity. With this in 

mind, considerable work was done in trying to develop a new 

direct-reading device for measuring X-ray intensity. 

As in many types of electrical measurement, X-rays and 

their intensities are most conveniently measured by noting the 

magnitude of the effects they produce. There are several ways 

in which X-radiation my be detected. 

One of these methods involves the degeneration of X-rays 

into heat. Directing X-rays into a block of lead thick enough to 

absorb all of the X-rays will cause a transfer into heat energy 



of aE the energy of the X-rays * the amount of heat thus formed 

may be measured exactly and the intensity of this radiation 

determined. This method is the one most frequently used for 

absolute determination of X-ray intensity. It requires fairly 

elaborate equipment, considerable time, and yields an absolute 

value of Intensity, whore only a relative value was required 

in this experiment* 

k second method is photographic* X-rays were originally 

discovered when their effect on a photographic plate was 

observed. Certain standard film, radiated for a set inter¬ 

val of time and developed according to a definite schedule, 

may be compared with other film which has been radiated with 

standard radiation intensities, and an approximation of inten¬ 

sity may be made. This method is none too accurate because 

of the many uncontrollable variables involved. The condition 

of the film, the exactness of developing solution and develop¬ 

ing time may vary considerably*- and visual comparisons of 

color density are not very accurate. Also this method re¬ 

quires some little interval of time between the radiation 

and the computation of intensity. It was hoped to develop 

a direct-reading gage which would give continuous readings 

of intensity. 



k third effect of X-rays sometimes used for intensity 

measuring purposes is the fluorescent effect X-rays have on 

certain materials. A commonly used system measures the amount 

of light given off from a fluoreaoing surface by means of a 

phototube and amplifier system* This is quite practical and 

is widely used* However, the fluorescent material ages and 

the calibration of the device la constantly changing. A 

light-proof housing is required for this apparatus also. A 

simpler method than this was attempted* A phototube (both 

vacuum and gas-filled types were tried) was radiated directly 

ami the resulting photo-current measured. The response of 

the tube vias quite high, and no difficulty was encountered in 

the measurement of the photo-current. However, the, tube was 

saturated at very low levels of X-ray energies, i.e., varia¬ 

tions in X-ray tube current could be observed as variations 

in phototube current, but variations in X-ray tube kilovoltage 

had no effect* Therefore X-ray intensities, which are functions 

of X-ray tube voltage as well as of X-ray tube current, could 

not be measured in this fashion* The failure of the light- 

sensitive material to respond to changes in X-ray tube voltage 

(and hence to changes in X-ray photon energies) may be explained 

very simply. The molecules of this material are such that ioniza¬ 

tion occurs when radiation particles of low energy (i.e. light) 

fall upon them. The least energy levels of the X-ray photons 



produced by the X-ray generator used v/eie s© oral hundred times 

as high as light energy levels. Hence, upon collision with a 

molecule, the X-ray photon of even the lowest energy would 

liberate from the molecule all the electrons normally involved 

in the light-sensitive process. Hence an Increase, in the 

energy of the X-ray photon would cause no increase in the out¬ 

put of tho phototube* 

X-rays ionise gases through which they pass, and this 

effect is the one most generally used in the measurement of 

X-ray Intensities. There are actually comparatively few ions 

formed by photon-molecule collision, as cloud chamber studies 

have shown* 3ueh a collision in general results in a '’scattered 

X-ray photon of smaller energy, and one or more high speed 

electrons. These electrons possess enough energy to ionise 

many molecules of the gas as they proceed through it.. These 

(£j V 
high speed electrons are responsible for^t gas during X-ray 

bombardment. The measurement of this effect is accomplished 

with an ionisation chamber and associated apparatus. Illustra¬ 

tions and explanations, of the construction and operation of 

ionisation chambers are to be found in almost any boofc^ on 

X-rays* Briefly, an ionisation chamber consists of two op¬ 

positely charged electrodes, the apace between them being 

1 Terrill and Ulrey: X-RAY TBQHBOUXJYj pages157-156 



filled by air or other gaa* The gas is radiated* and the ions 

formed are attracted to one or the other of the electrodes. 

The number of these ions formed may be measured in any of several 

ways-* An electrometer may be used to collect the charge* or an 

extremely sensitive tangent galvonometer may bo employed. To 

obtain a measure of intensity a time factor must be included 

in the electrometer measurement* decreasing its usefulness. 

Tangent galvanometers are both expensive and reasonably dif¬ 

ficult to use. The ionisation chamber seemed to offer the 

best possibilities* however, so devices were developed to 

measure these ionization currents which were of the order 

of a small fraction of a microampere. 

The first device considered was the direct-coupled 

amplifier. The procedure was to apply a constant voltage 

source across such a chamber and to pass the resulting ion 

current through a high resistance. The drop across this 

resistance was to be amplified through the BO amplifier 

and measured. The DO amplifier was needed for another pur¬ 

pose also, but due to overestimated sensitivity requirements 

a sufficiently stable amplifier was not obtained. Some time 

later, the General Radio Company Megohsmeter became available. 

This instrument is essentially a BO amplifier in its action, 

with U3&ble resistance ranges up to approximately 10,000 

megohms, with it, it was possible to measure radiation 

intensities quite readily. 
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The Mogohmaeter gives an indication of the resistance 

between the plates of the ionization chamber* The resistance 

reading is inversely proportional to the number of free ions 

formed in the chamber* and hence is inversely proportional to 

the intensity of radiation. 

Data was token on the X-ray tube used over the same 

ranges as covered in the dielectric tests. This data is shown 

on page 61, in the first throe columns. The chamber used had 

a finite shunt resistance under non-raddated conditions* so 

this factor was considered in making the calculations for 

actual ionization chamber resistance. The results of these 

calculations are also given on page 6l* in column four* 

Column five lists the rociprocalo of the chamber resistances* 

these figures then being proportional to-the intensity of the 

radiation* A relative intensity of unity was arbitrarily 

assigned to the radiation at >0 kv-p* 4 ra.a., and the other 

intensity values shown in column six are relative to this 

intensity* Ourvea of relative intensity versus tube kilo- 

voltage for various values of X-ray tube current* and curves 

of relative intensity versus tube current for various values 

of tub© kilovoltage are plotted on pages 62 and 6$. 

Before the mogohmaeter became available for use* another 

device was developed to measure X-ray Intensities. The ionization 
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DAms IKTEMSITY MEASUEElffiHTS WITH 
IONIZATION CRABBER 

Run RADI- incw 
Measured 

Resistance 
ohms x Hr 

Chamber 
Resistance 
oluns x HK 

1 
^chamber Q 

Relative 
Mo a m*a« kv-p ohms x 10“2 Intensity 

1 u 30 0.810 1.975 0.501* 1.0 
2 u 50 0.515 0.823 1.215 2.1*1 
3 h 70 0.38 0.529 1.890 3.75 
h i* 90 0.32 0.1*17 2.1*00 1.80 
5 h 110 0.28 0.358 2.795 5.55 
6 u 130 0.255 0.308 3.21*5 6.1*li 

7 6 30 0.72 1.527 0.655 1.30 
8 6 50 o.U5 0.677 1.1*77 2.93 
9 6 70 o.3U * 0.1*51 2.215 l*.i*o 

10 6 90 0.275 0.3U1 2.930 5.81 
11 6 110 0.235 0.282 3.5U 7.03 
12 6 130 0.195 0.228 U.375 8.69 

13 8 30 0.61} 1.201* 0.830 1.65 
H* 8 50 o.ia 0.583 1.713 3.1*0 
15 8 70 0.31 0.397 2.52 5.00 
16 8 90 0.25 0.305 3.28 6.51 
17 8 no 0.21 0.251 3.99 7.92 

18 10 30 0.58 1.013 0.987 1.96 
19 10 50 0.375 0.512 1.95 3.87 
20 10 70 0.28 0.350 2.06 5.68 
21 10 90 0.23 0.276 3.625 7.20 
22 10 no 0.188 0.218 U.59 9.12 

23 12 30 0.535 0.881 1.131* 2.25 
2U 12 50 0.31*5 0.1* 60 2.175 U.32 
25 12 70 0.26 0.320 3.12 6.20 
26 12 90 0.215 0.252 3.96 7.07 

Shunt Resistance of Ionisation Chamber Under Unraaiaced Conditions = 
1.37 x 109 ohms 
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chamber was again used, but instead of a DO voltage being placed 

on the electrodes of Idle chamber, a square wave voltage was 

applied. The block diagram of the setup used is shown in 

Figure 7, page 6% The square wave voltage applied to the 

ionisation chamber was balanced out in the mixing network. 

When the chamber was radiated, a change in the voltage at 

the output of the mixing network occurred* This voltage was 

amplified through a simple amplifying system and measured with 

a vacuum, tube voltmeter* 

The square wave voltage applied to the chamber was ap¬ 

proximately 2200 volts, peak to peak, so at any given time a 

potential difference of 1100 volts existed across the chamber*. 

Such a high voltage waa used for two reasons? 

(1) to attract to the chamber plates all iona formed 

before appreciable recombination could occur. 

(2) to cause secondary ionization by giving the negative 

ions (electrons) sufficient energy to cause ionisation by collision. 

This device did not work properly for two reasons: 

(1) A good balance could not be obtained in the mixing 

network. The square wave voltage was balanced out, but 60-cycle 

AJ voltages induced into the outputs of Idle 311 tubes from the 

1 For diagram of the square wave generator used, see Appendix III 
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tube filaments were of sufficient magnitude to ocreon other 

effects. 

(2) A shielded line running from lead chamber to ampli¬ 

fier had too much pickup* This effect was reduced very nearly 

to zero by the introduction of a cathode follower between the 

output of the mixing network and the shielded line* causing 

the line to have low impedance to ground* 

A lack of time prevented further work on this device, 

but it is thought that this scheme -would work very well if 

the AO voltage induced into the system from the filaments 

of the 811 output tubes could be reduced* 

The results of the various tests made in this investiga¬ 

tion show vary clearly that devices whose component electrical 

parts are in air will be adversely affected to a greater or 

less degree by radiation. Reference to any of the seta of 

data from the various tests show that the air surrounding the 

dielectric had an appreciable conductance, which was of such 

magnitude as to screen from observation any effect of ionisa¬ 

tion that did occur within the dielectric sample itself. Of 

course shunt resistances of the order of 10^ ohms such as were 

encountered in hheoe tests -would not affect greatly the per¬ 

formance of the usual type of measuring or control instruments, 

but if precision measurements of one sort or another were to 

be conducted in the presence of radiation, it would seem that 



the measuring devices would have to be either shielded from 

the radiation or operated in a vacuum or immersed in some 

liquid or solid material not subject to ionisation by radia¬ 

tion* 

Despite all the precautions taken to eliminate from the 

measurements of dielectric resistance under radiation* the 

effect of the conduction paths in air* their effect on the 

data was disastrous* completely screening the sought-for 

offset of ionisation in tho dielectric material itself. It 

would seem then that two basic changes in tho experimental 

method must be made if reasonable results are to be obtained} 

(1) The object under test must be in a vacuum* 

(2) All associated apparatus within the radiated area 

must be shielded from the radiation. 

If these conditions can bo adequately fulfilled, measurements 

of the amount of ionization in solids may be achieved without 

excessive difficulty. 

The teats involving the capacity bridge show that there 

is no discernible change in the dielectric constant of the 

material tested. This result is in accord with the theory 

previously offered* If no unaccounted for factors influenced 

the taking of this data, it would seem that devices depending 

only on the constancy of dielectric constant of their materials 

would not be adversely affected by radiation. 
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The recovery time of radiated, materials, assuming soao 

effect to occur, was not determined in the tests mads* dome 

method must be devised in which the measuring instrument will 

give instantaneous readings of the condition of the test mater¬ 

ial, so that such difficulties as were encountered in the 

recovery time tests described previously may be obviated* 

Since ionic mobilities in dielectric are surely much lower 

than in gases, some fairly long time (of the order of several 

seconds} of recovery might be expected* If a highly accurate 

method of measuring recovery time could be made, perhaps some 

light might be shod on the mechanics of ion recombination in 

solid materials. 

Further investigation into th© effect of X-radiation on 

dielectric materials may take any of several directions. Im¬ 

provement in the technique of making resistivity measurements 

might yield interesting results* At least three improvements 

over the technique used in this investigation seem indicated} 

(1) The test a pecimen should be in a 'vacuum. Evacua¬ 

tion to one or two microns should decrease the offset of ionised 

air paths to insignificance. A glass container should be used 

if possible. A metal chamber would absorb too great a portion 

off the radiation*, 

(2) All auxiliary apparatus, leads, etc., should bo 

shielded with lead to eliminate any spurious effects* 



(5) A high voltage should be applied to the test sample 

to talcs out of the sample all the ions formed (the negative 

ions that is) before attachment or recombination can occur* 

If these conditions can be met, and if a suitable guard- 

ring technique is used, accurate measurements should b© possible. 

The recovery time of dielectric materials may also be 

measured accurately if improved techniques are used. The 

hindering Sictor in this investigation was the time constant 

of the measuring system used. This could be improved, by the 

use of a different metering arrangement, and th© use of open- 

vrf.ro line on standoff insulations instead of coaxial line# 

•These moves would decrease the time constant of the system 

considerably and would allow the measurement of smaller times 

of recovery than was possible with the setup used in this 

experiment. 

Mother field which would bear investigation is the 

change in dielectric strength of the material under test* 

3©ae work has been done in this field, but such remains to 

be done. The combined effects of low pressure and radiation 

on dielectric strength might be studied* Such information 

la desirable because controlled missies of various aorta, 

are now, OK soon will be, making flights above the earth’s 

atmosphere where such conditions exist* 



It is hoped that investigation along one or more of these 

lines will be continued. 
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APPENDIX I 

X-RAY 5JEMSRAT0R AND PNQYSttXGK APPARATUS 

:iho«n below are a«rror«l photosownhe of the X-ray genera¬ 

tor and control apparatus* This oquiment ia the 150 Kilovolt 

Industrial X-Ray Osnomter wauftatawi by the ifestingfajuoo 

Oorooration* The first photograph shews the eontrol cabinet, 

traa Which the tube teilevoltago, tube current, and exposure 

UBO are controlled* 

■hotegraph g*l 
X-Ray dcntrol Cabinet 



The second photograph shows the high tension transformer. 

The transformer tank contains two separate sections. One con¬ 

tains the actual high, tension transformer* the other contains 

two fcenotron rectifier tubes, their filament transformers, and 

the X-ray tube filament transformer. The kanotrons are placed 

in series to provide half-wave rectification of the alternating 

current voltage from the high tension transformer. This half¬ 

wave rectified voltage is taken t© the X-ray tube through the 

two large cables. The filament leads to the X-ray tube also 

arc carried through on© of the cables. The devices* protruding 

from the canter of the transformer tank are deaaioatorc, filled 

with silica gel, whose purpose is to keep the air within the 

transformer tank ary. The leads to the control cabinet, leave 

through a siaall port in the aide of tank cover. 

Photograph #2 

figh-Tenaion Transformer 
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Tiie third photograph shows tho /.-ray tubs and the adjust¬ 

able tube stand. The tube stand is mounted on casters for ease 

of novtsaont, and is easily adjusted for any daairod oaition 

of operation* The high tension cables are connected to the 

v—ray tuba through special anli-fl&ahover ceramic connectors. 

The enaii striped lines sorry cooling water to the b-ray tube. 

5'hoiograHh #J 
a-i'iay Tube and Tubes tend 

The fourth photograph shorn tho X-ray tub© in position 

for an exposure. • art of the high tension tranaformer and 

the lead-enclosed exposure chamber are shown* 
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Photograph #4 
.v-a»y Tube la Position for Exposure 

f o fifth photograph ahoaa the ex-oaure eh saber constructed 

for use in this investigation. A wooden x’remework a roxinateiy 

56* x 56 : x 56a ma constructed and covered vd fch leac, sheet 1/3° 

thick, sufficient to stop d-*r«j» generated by a 150 *v source. 

Thin framework wae then, mounted on a lead-oovorod base for ease 

of handling. A square opening was left la the top of the 

chamber to provide for the entrance ox’ the .v-rtysu A 'ort 

was ©Onetrusted on one aide of the dhaaber for the entrtmee 

of leada to various teat equipment. Jufficienl apace was 



allowed for the adequate Insulation of voltages up to 200,000 

volts to anticipation of breakdown teats* A 4oc>r alsaoot tho 

full si e of one aide of the ehanner was provided for easy 

acooos to the chamber* All joints ■were overlapped and nail 

holes were covered ,4th patches of lead. Door joints wcro 

overlapped and baffled, as may bo seen frost too photograph 

below* 

Photograph 
Lead~.nai.G3cd Exposure Ohasber 



APPESDXX II 

COI¥KRTER-TXPE DIREOT OOUPLSD AMPLIFIER 

Omafm AMPLITUDE 0CH3TABT FREQJIEHOY 030ILLAT0R 

In the course of the Investigation, a need for a resis¬ 

tance measuring device of high range arose* Available commer¬ 

cial instruments did not possess the range thought at first 

to he needed (lO^1 ohms), so development of a suitable resis¬ 

tance measuring device was required. To eliminate reactive 

effects from the measuring circuits, direct current measure¬ 

ments were required. If a typical electrical ohmmeter circuit, 

where the voltage across a standard resistance in series with 

the unknown resistance and a voltage source is measured, were 

to be used, either a very low-reading vacuum-tube voltmeter 

or some amplification would be required. 

Several types of DO amplifiers with two stages of 

amplification were designed, constructed, and tested. Each 

of these suffered from a number of faults* 

The circuits were not very stable and "aero8 points 

tended to drift somewhat. High impedance input terminals 

served to pick up enough AO voltages from stray fields to 

block the amplifier. Oascaded direct-coupled stages do not 

admit of easy adjustment. Hence a different sort of 



arrangement was devised. The block diagram of the converter- 

typo DO amplifier is shorn in figure II-l, page II~5» 

The voltage across the standard resistance is applied 

to the input of a DO amplifier which contains provision for 

constant bias voltage and whose response is limited to the 

vary low frequencies. The output of this amplifier is 

applied through a oathod© follower to th© Mo, 5 grid of a 

6VJ pentagrid converter tube, varying the transconductance 

of this tubs, and hence varying the gain of the 6hJ stag© 

to an AO voltage applied to the Mo, 1 grid. The AO vol¬ 

tage at the plate of th© 6L7 tube due to the voltage applied 

to Mo. 1 grid is balanced out in a mixing circuit for no- 

signal conditions on the Ho* 5 grid, A change in flo. 5 grid 

potential (due to the application of the voltage to be mea¬ 

sured to the input of the direct coupled amplifier) destroys 

the balance in the mixing circuit and results in an AO voltage 

at the output of the mixing network. This voltage may bo 

amplified as required through a simple amplifier, and the 

resulting output measured. 

The complete circuit diagram of the apparatus la shown 

in Figure XI-2, Each of the stages was tested separately and 

performed creditably. However, when the various components 

were put together on one chassis, a good balance was 







LIST OF 00KPQNEMT3 t 

H-5 

Vacuum Tubes; 

VT-1 6AG5 pentode 
VT-2 VR-150 voltage regulator 
VT-J VH-150 voltage regulator 
VT-4 6J5 tried© 
VT-5 6L? pentogrid converter 

Resistances; 

Rl 1000 ohms 5 watts 
R2 10 megohms watt 
Rx 1 megohm •§■ watt 
R4 100000 ohms | watt 
Rrj 10000 ohms |» watt 
Eg 1000 ohms i- watt 
Ry 100 ohms watt 
% 90000 ohms 1 watt 
Rp 5000 ohrao 5 watts 
RlO 10000 ohm 1 watt 
Rll 47000 ohms 1 watt 
R22 25OOO ohms 5 watts 
R]* 200000 ohms -g- imtt 
Rl4 500000 ohms & watt 
R15 jQOQOO ohms -j§ watt 
Rjg 1 megohm watt 

Oondenaersi 

Oj 4 ufd. 600v. oil filled paper 
ojj 0,5 ufd. 600v. paper 
Gj 0*1 ufd. $DQv« paper 
04 0.5 ufd. 60i)v. paper 

Potentiometers: 

?2 5®0°0 ohms 
?2 100000 ohms 
Pj 2p000 ohms 

Switches: 

Sj -jingle-pole, six-position 
3g SPOT Rotary 

Batteries: 

5v. (5 bias colls) 
Eg 90v« 
Bj 12 v. 

/ 



unobtainable in the mixing circuit. Thor© MS some unaccounted 

for phase shift, and quite a large percentage of second-harmonic 

voltage was present in the output of the 6hJ stage. Due to a 

lack of time, further work on this instrument was not attempted, 

as other measuring instruments became available. However, it 

is thought that the device has possibilities in the measurement 

of DO voltages of small amplitude. 

The operation of the converter-type DO amplifier requires 

an AO voltage of absolutely constant amplitude. This requirement 

was met by the oscillator shorn in Figure II-5, page II—7. The 

output of an ordinary balanced multivibrator, which oscillates 

at approximately 400 cycles per second, is fed into a buffer 

amplifier. The output of the buffer stage, a square wave, is 

fed into limiters which limit the positive and negative ampli¬ 

tudes of the square wavs to a certain predetermined value* 

This limited wave is applied across a aeries L<~3 network* The 

voltage across the condenser, which is.a fairly harmonic-free 

sine-wave, is applied to the grid of an amplifier* The out¬ 

put of this amplifier is a fairly pure sine wave, which has 

constant amplitude over several hours* operation. 

The filaments of the tubes used were connected in series 

and 2§?»2 volts was cup plied from a DO source* A plat© supply 

voltage of 400 v. DO is required for the proper operation of 
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LI3T OF 00MPQfIENT3; 

Vacuum Tubes: 

VT-1 6307 dual triode 
VT-2 605 triode 
VT-5 6H6 duo-diode 
¥T-4 605 triode 

Resistances: 

R]_ 68000 ohms 
R2 68000 ohms 
Rj 750000 ohms 
R4 750000 ohms 
% 750000 ohms 
Rg 20000 ohms 
Ry 1800 ohms 
Rg 40000 ohms 
Ro 100000 ohms 
RIQ 2200 ohms 

^11 50000 ohms 
Rjo 25000 ohjoa 
R15 470000 ohms 
R^4 5900 ohms 

Pondonsets; 

Pl 100 uufd. 

O2 100 uufd. 
O3 0*01 Ufd. 

04 1.0 ufd. 
OK 0.1 ufd. 
og 0.01 ufd. 
07 1 ufd. 

°8 0.02 ufd. 
rt v9 4 ufd. 

Inductance s 

1*1 5.2 henries 

Batteries: 

Bi 22§ volts 
Bp. 22i volts 

1 watt 
1 watt 
i- watt 
§ watt 
■g- watt 
§ watt 
1 watt 
1 watt 
h watt 
§ watt 
1 v/att 
1 watt 

watt 
2 watts 

600v. mica 
600v. mica 
600v* paper 

25v. electrolytic 
400v. paper 
400v, paper 

25v. electrolytic 
600v. paper 
450v. oil-filled 



thia device* No proviaion was made for varying the frequency 

of the oscillator. 

The action of the L-Q series network is to extract from 

the square wave its fundamental sinusoidal voltage while re¬ 

jecting substantially all of the harmonics contained in it. 

This action may be explained as follows: 

Let the magnitudes of L and 0 be chased such that X-^ 

is substantially greater than XQ for the fundamental frequency 

of the square wavs. Thia makes the series circuit present 

an inductive reactance to the square wave, so we may write: 

/ />? 

O'* 

The output voltage of the network is taken across the 

condenser and is given by 

^ - cf 
Putting in the expression for L, wo have 

<**]<**= d? If*/* 
The Fourier aeries for a balanced square wave is given by 

if T
4 J7/7 + dr j'/'? Sf 

where x peak amplitude of 
square 'wave 



11-10 

Heno© we may writes 

= ffa ? v ^ S/7 3 t + St t--) St dt 

^zf = ffc** ^ * fcaxJt 't c<*s t - ") ctt 

^>ic6 “ “ 7~^ / + 2J CA5 St +- /2S C* St /- •' * *7 
^ c ^ 

Here it ia easily seen that the first harmonic above the funda¬ 

mental which is present in the output, the third harmonic, 

represents something less than 3*7$ of the total effective 

output voltage. This amount of distortion is not too large 

for most purposes. If desired, this nearly pure sine wave 

could be passed through another L-0 circuit, but little would 

be gained as vacuum tube distortion is generally of the order 

of three to five percent or more. 



APPENDIX III 

SQUARE WAVE GENERATOR 

A square wave generator of high amplitude output was 

required for use in a direct reading X-ray intensity gage. A 

power-supply available for U3e had outputs of 1000 v. IX? fil¬ 

tered, and 5QQ v. 1X3 unflltered, so such a device was con¬ 

structed for use with this power supply. Investigation showed 

that a simple multivibrator of 1000 v. output -was impractical, 

so the circuit shorn in Figure III-l was devised and con¬ 

structed* A 6SI?7 dual triode is used in a typical multivi¬ 

brator circuit which oscillates at approximately 2^0 cycles 

per second when the proper supply voltages are applied to the 

unit, Two 6v6 beam power amplifier tubes are driven by the 

6SK7» and they in turn drive the 811 output tubes (transmitting 

triodes) alternately into conduction and cutoff. The output 

of the square wave generator is taken directly from the plates 

of the 811 tubes, and is a very good square wave of 2000 volts 

peak-to-peak amplitude. 

The square wave was balanced so that conduction and cut¬ 

off times ware very nearly equal. No provision was made for 

varying either the frequency or the amplitude of the square 

wave. 
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IIJ-5 

LIST OF COMPONENTSs 

Vacuum Tubes: 

VT-l 63H7 dual triode 
VT-2 6v6 beam power 
VT-5 6V6 beam power 
Vf-4 811 transmitting triode 
VT-5 Sli transmitting triode 

Oondenaera: 

°1 8 ufd. 600v. Oil-filled 
02 8 ufd. 600v. oil-filled 
o5 0.05 ufd. 600v» paper 
04 0*001 ufd. 600v. mica 
OK 0,001 ufd. 600v. mica 

06 0,05 ufd. 600v. paper 

°7 0,25 ufd. 600v. paper 
o| 0,05 ufd. 600'v. p&por 

°9 0.05 ufd. 600v. paper 

Resistances; 

% 10000 ohms 2 watts 
R2 2000 ohteo 10 watts 
Hp 250000 ohms 1 watt 
R4 20000 ohms 1 watt 
R« 800000 ohms •§ watt 

4 800000 ohms watt 
R7 2p0000 ohm 1 watt 
% 250000 ohms 1 watt 
Ro 10000 ohms 5 watte 
RlO 10000 ohms 20 watts 
*n 10000 ohms 20 watts 
Rl2 500 ohms 2 watts 
»13 100000 ohm 1 watt 

RS 1O0OOQ ohms 1 watt 
RI5 5000 ohms 2 watts 
R16 5000 ohms 2 watts 
RT? 100000, ohms 10 watts 
r13 100000 ohms 10 watts 

Inductance: 

Lj 10 hy. 1 "JOBSL. 

Transformer: 

Switch; 

3-1 DPST Toggle 

Tj 110/6.5^. f- 10 amps 


