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SaupY

This paper presants the requirenments of a muelear amplifier of short
resolving time, designed to accept pulses of wldely varying smplitudes. Data
are given which show that a proportional ionization chamber loaded with &
1,000.chm regigtor developa pulsss of 0.5 mierogecond duration and zeveral
volts amplitude. Results indicats thet seven baszic requirsments are Impozed
on the amplifier when couniing sof't bets and gamma radistion in the presence
of alpha particles, without sbsorbers. It should, (1) have a fast recovery
time, (2) have s relstively good low freguency response, (3) accept pulses of
widely varying heights without developing spurlous pulses, (4) have a Limlting
cutput stage, (5) preserve the itheremtly short rise time of the chaniber, (6)
minimize pulse imtegration, and {7) have sufficient galn to detect the weak
pulees woll below the chamber voltage at which contimcusz discharge takes
rlace. The resulis cbtained with ap ampliflier which meetsz these requirements
is described.

A formula 1s derived which indicates that redesign of the propor-
tionel lomlzation chamber might eliminate the need for an amplifler. This
mway be possible if the radioactlve partlceles are collimsted parallsl 1o the

collecting electrode.

DEFINITIONS'
"Tonization - The act or the result of any process by which a neutral

atom or molecule acquiTes 2 cherge of elther sign, or by which electrons are
liberated.

"Radiation - Electromagnetic or corpuscular radisticon.
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lomizing Evernt - Any event In which lonigation is produced, such ss the
rassage of a charged parficle through the counter.

"Primery Jondzing Event - The lonizing event which initilates ths pulse.

"Pulse - A changs in voltage of the central wire system of the counter.
This Ehnnga in voltage 1s wsually abrupt and iz a result of the colleetion of
lonz produced in the gas of the counter,

"The Charascteristic Curve of a Counter - The curve of the counting rate

plotted against woltage, all pulses counted being greater than & certain
minimim size, determined by the sensitivity of the detecting circuit.

"Piatea - The more or less horizontal portion of the characteristic
curv&-of a gounter.

"Thresheld Veltage for Geiger Coumting Action - The lowest voltage =t
which all pulses produced in the counter by any lonizing evenmt are of the
sams size, regerdless of the size of the primery ifonizing event.

WThe Gas Amplifilcation in a Counter - The nmumber of additlomal lons

produced by each electron that Iz produced in the primary londzing event as
1t travels ta the central wire,.

"The Provortional Region - The part of the characterlistic curve of the
coumter in which the pulse zize i3 proportiomal to the ouxber of icms formed
in the imtial ilonising event. JIn {his regicn, amplification 1s constant for
all pulses at any cne voltaps.

"The Region of Iimited Proporticnality - The part of the characteristic
uuwa.of the countar in which smplificaticn depends cn the number of fona

producsd in the inltial iomlzing event, and also on the voltage.
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"The Gelger Region - The part of the characteristic curve of pulse size
versus voltage in which the pulse slze 1z independent of the number of ions
produced in the initlial fonizing evenmt.

"Eesolylng Tima - The minimm time interval bstwesn counts thet can be
datecfad. The word may refer t0 an electronic cirouit, to a mechanicsl
recording devlce, or to a counter.”

Comtinuous Discharge - A ra.pid gerisz of contimious pulsss which oecur
in the iocndization chamber becauss of a high field intensity.

Tau - The figurs of merit used to dsscribe the ability of a countling
system or its soparate umits, o distinguish betWesn successive pulses
ascurring close together. For this report, 2 two-sample method of determdning
Tay was used. Sample 1 (ce ) 18 counted alone, then Sample 1 and Sample 2
(cca) are counted together. Then Sampls 2 i counted alons. Tau iz computed

sz [ollows:
ccl + GGE - ccl+2

(cey, 50 - {eep)® = (eex)®

Tau =

Coincldence Correction - The number of counts which mist be added to
the count of an unimown sample to obtaln the true mumber of londzing evemts.

The relationship between Taz and coincidence correction 1s as follows:

s = Ionizing Bvents - Recorded Counts _ Colneldence Correction
{(Recorded ﬂou.u‘rss}z {Recorded Couxnt }2



INTRODUCTION
Counting soft bets particles and gamma.induced electirons in the

genaitive volume of & proporticnmal iondization chamber, when in ths pressnce
of alphs particlss, poses some unique problems in design. It waz necesyary
to design an amplifier to avold overloading and double pulsing. The main-
tenance of 2 ghort resolving time alec presents a problem. The sclution of
these problems are treated in this paper.

The proportional ilonization chamber? is widely used for counting the
deirtegrationa of radicactive materials. This chanber usually cormilsts of
s emall center wire mounted concentriecally within a circulay or ractangilar
metal case. The Gas Flow Simpson Proportional Tonizatlon Chamber used in
our research allows the pasgage of a gas through It. Thiz gas iz uged to
prevent reccambination of lons and to suppress the toco rapld rige of gas
ampliflcaticn édum tc positive lon bombardment of the cathode. The chamber
ia comatructed with a slids holder to permit inserticn of = radloactive
sampis imic the sengitive volume. When thiz sample is Inserted in the chamber,
itz disintepration produces ionization of the gas., High voltage applisd
betwesn the center wire and shell of the chamber, rapidly draws the elecirons
to the center wire while the poaitive ions drift toward the shell. When the
chamber voltage 15 high encuph, the electrons acquire sufficient velocity to
Imock other electrons from the gas, causing a multiplication of electrons
gollected, These slectrons dsvelop a negatlve pulss which iz detectabls wlth
& guitable miclear counting system. As the chamber voltage approachss the
region whare the pules hsipght iz indepandent of the type of lendzing redietion

(Gelger region), gas emplifications of 1G* are reedily obtalnable.,

B
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Commercially avallable counting systems have proven satisfeetory for
use with proportlional ilonizatlon chambers for non.eritical work, i.e., the
detection of one type of particle &t a time. However, when we attempted to
count bets particless in the presance of alpha Tadistion we did not succesd,
Therefore, a project wes indtiated to determine the factors which limdted the
uge of these sealing undits. Our study wes divided imo thrss partms, as follows:
(1) the coupling system between the ionization chamber and emplifier, (2) the
amplifier, and {3) the trigger palr coupling betwsen the amplifisr znd the
soaling elreuits. This report I8 concernsd with the first two parts of this
inyeatigation.

Early research convinced us that Studies 1 and 2 could be grouped
together ixto one problem, This invelved the reduction of the pulss attenu-
atlon and Integration, by achieving a peavimm possglble decresse of the shmot
capaclty across the lcrdzaticon chamber. Capaclitlve reduction can be accom-
plished in one of two ways, (1} the use of & cethode-follower mounted st the
ionization chamber, or (2) the design and construction of a miniature ampli-
fier to be mounted at the chamber. In elther ¢ase the amplifier is necemsary
and the problem then becomes one of ampliflier dealpgn.

The ressults of Tesearch on the amplifier has led to seven basie
conclusions regarding itz design for use with & proporticmal Ilonization
chamber. The amplifier should have the following characteristics:

1. A fast recovery time.

2. A relatively pood low frefuancy respoise.

-7
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3. A dynemic range sufficlent to accept pulses of widely varylng helpghta
without developlng spurious pulses.

4, A limiting cutput stagse.

5. Inheremily the same zhort rvise tlme of the chamber.

6. Miplaum pulss integration.

7. Sufficient galn to detect weak pulses well below the chamber voltage
at which contlmious discharge bagins.

This paper presants data and results which bear out the sbove cona
tlusions. A theoretical smalysis of the affsct of the chezber load reszistance
on the chamber cutput voltage is also pressnted, This anelysis ghows that
even though the chambher load resistance ig gmall, the pulsas voltage at the
chambar terminals can be mads to approach the generated voltage. This
phencmencn occurs when the sisctron collsetlion time iz short compared with
the tinme conctant of the external network. Caleulstions and experimental
resultes show that thls voltage may excead 20 volts. It is shown that the
wayimim chamber voltage recorded against load resistance for given cireuit
paramsters, forms a straight line on sami-logarithmic paper. A tabulation
haz bheen meds of the effest of chamber loud resdgtunce on pulsye duratiom,

From chserved datsa, it 1z speculatied that pulses of short duration
and sufficient amplitude to operate a trigger pair, could he developed in
the ionization chamber.

An amplifisr was developed which met the seven conditions outlined
and hasz proven satisfactory for counting heta.gamma radiation in the presence

of alphe particles. This amplifier is an experimental model and is not

intended for uss for routlne operaticn.



BASIC PRINCIPLES
The end result desired in the analytlieal counting of radlcactive

mrterials 1ls accuracy. Lewis" has shown thaf accuracy is & function of

resolving time (the abllity to distinguish between two successive pulses).

s oo for ]
r p I:PI' (q}j (1)
There:

T = Mumwher of recorded milass per second.

¥ = Mean rate of random pulses per second.

% = Minimum resolving time of the aystem in secomnds.

As the resolving time i aprroaches zerc the oumber of recorded pulses approaches
q
the mean rate of random yulsea., This equation can be expressed in terms of

percentapge arror a5 follows:

Fer Cent Error = antllog I:log r + log % + E] (2)

For a given counting rate this shows that we sghould expect A 10-fold decrease
in error if the resclving time is decreaged 10-folé. T¢ 1s ¢bvious that a
short resolving time ig highly desirabis for reistlively fest counting rates.
One reason the proportiomal jonization chsmber Iz used iz because
it 15 capable of producing strong pulses of shert duratiom. Tha pulsea are
short bacmuse it is possible to cbtain the maximm percentaga of the loniza-
tion curremt by electron collectlon. Nicodemigé has worked cut a formula
¥hose sclution gives the value of ionizatlon current to be expected from a

g oylindrjcal chamber.



e SERUEE Y (3}
I"+1I 2 log b/a

whera;

I= = Elsctron flow.

I* = TIon flow.

b = Inmer radius of chamber.

s = Radius of collecting electrode and t > a.

The Simpson proportionsl chamber which hes been used in a number of
cuyr axpeariments will collect approximately the following persentape of the
total londgation current developed in the chanmber:

b = 0.636 inches,

a = ©C.001 inches.

e T

T 2 1% G501

—L s 1-02% - 0.2

I +1

—4 . . 2.1 per cemt of totel current.

This exemple shows the most of the energy of the pulse voltage is derdved

from the collection of elactrons. This 1s deairebls ag it ellows us to

obtein pulses of short durstion.

=10~



ANFLIFIER PROBLEMS

One very good way of teszting the ampliflier of a nuelear counting
sygtom for proper operation is to obtain data for drawing a plateau curva,
Wher the ampiifier and eoumting system are in good operating condition an
alphe sample of monomolecular thicknese (no absorption)} should produce &
horizontal pleteay. If this platexu has fero slope, a change in chamber
woltage due to poor power supply reguletion will have Iittle effect on the
accupacy of counting, If a sawmple reglsters within il per cemt of lts true
eount for each chambar voliags setting along the plateau 90 per cent of the
time, 1ts slape 1z congidered 2ero, when a precision of 99 per cem 1=
acceptable. For routine counting the chamber voltage 1s adjusted to the
center of the platean 4o count unknown samples. A graph of a platasu curve
is shown in Figure 1. The date for this curve were cbtained using = gas
flcw Simpson proportional ionization chamber, P10 gas (90 per cent argon
and 19 per cent methane), and a commerclal scaling urdt, This is & typical
curve, Even though the data were taken with a pure alpha sample in the
chamber, the counting rate contimed to rise above the platean, through the
point where contimious discharge bhegine. This made it impossible to obtain
& beta pletean when a beta sampie wea placed in the chamber alongaide the
aipha sample. |

Experimentstion showed that thiz rise in conntlng rate waz caussd
by spuricus pulses which develcoped in the amplifier. These pulses wers
caused by overleading of the amplifier, poor recovery time of the amplifier,

and poor low-frequency responze. The effect of 4 modified commercial

-11-
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amplifier on strong pulses from the lonication chamber 1s shown in Figurs 2.
(The modification consisted of increasing the mid-frequency gain from 0.6 to
4 megacycles. The low-freguency respense of the emplifisr was unchanged and
began to drop at 0.1 mesgacycle.] It is to be moted that & phase reversal
exiztz in the 3rd and 4th tube of the chain-of-two inverse feed back ampli-
fler apd that its output containe a spurdoue pulse which occurs approximstely
four microgeconds efter the madn pulse. The effective phase reaversal in
these tube circuits is cansed by non-llnear swpliflcaticn of the very strong
rulses with thedz overshoot which occur when elpha particles are present in
an iopization chamber whose pas emplification 1z very larpe, The amplituds
of the spurious pulse im sufficlent fo trip the trigger pair, thereby causing
& count to be reglstered. A spurious pulse 13 caused by an overshost of the main
pulse when the recovery time and low-frequency reaponse of the smplifisr are
pocr. The theory of overshoots has been thoroughly covered by Valley and
Wallmex, ?

The main problem now becomes cne of limiting the overshoot regardlesss
of the imput voltage. Since the maximum sensitivity of cur trigger pair is
approximately 100 millivolts and the galn of the amplifler 1z approximately
300, the overshoot was limited to 0.32 millivoits. This limitation may be
achiavad by designing an amplifier with & fast recovery time and a reiatlvely
low frequency characteristic. The smount of overshoot that can be tolarated

iz inversaly proportional to the gain of tha ampli{isr,

~13-
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OPORTICHAL IO JON CHAMBER OUTPUT PULSE
Hext to the problem of overshoots was the problem of mmplifisr ovar-
loading. A8 & prelude to this problem the maximum imput voltage to ba expected

was computed and verified by experiment.

v = S {4)
C
whers:
¥ = Voliz.
¢ = Charge in coulombs {(charge of electron = 1.59 x 104% coqlonbs).
¢ = Capacity in farads.

A value of 23 x 10712 farads was used for C as this was the capacity of our
experimentel satup wWhich included a Huclecmetey lomization chamber (two lnches
in diameter), circuit wiring, =nd oscilloacope imput. The method of comnection
is shown In Figure 3.

For the purpose of computation, we agsumed that the primary alpha
iomizing event forma an average of 4 x 10% lon peirs (Pu?3%) in one centimeter
of travel.

Therefore,

g = (1.5¢ x 10-19) x (4 x 10%) = 6.36 x 10717 coulombs

-15
v = 6:36x10 = 0.27 x 107 = 0.276 millivolts
23 x 10732

Assuming a gas amplification of 1D£',

¥V = 0.276 x 10~% x 10% = 2.76 volts/fcm.

-15.



QIFIAISEVTINN

{ONIZATION n0
CHAMBER MMFE.

10 MEGRCYCLE
LOw SCOPE ]

CAF PROBE

CIRCUIT FOR MEASURING PULSE AMPLITUDE

GFIJISS VIONN

g TUNODIL

goF-WTIlW



MIM_428

Aspuming en alpha sample with a maximim renge of approximately 3.68 centimeters

¥ (total) = 2.76 x 3.68 = 10.2 volis.

To checl our calenlations the maximum pulse output of the ionization
chamber, just under the voltage of contimuous discharge, was measured with a
Model 511AD Tektromix pscilloscope (l0-megecycle bandwidth}. The mulse woliage
obiained across 107 chms was 20 volts which is of the same order of magnitude
g3 the calculated values, Since V = /0 a reduction of C from 23 to 12 mlcro-
mderofarads (capscity of circuit wiring and lomzation chamber) should raize
¥ from 20 to approximstely 40 volts across 107 ohms. From thess data it can
he seen that large pulses may be sxpected from an icnization chamber i1f the
gaes amplifiecation is high, the capacity low, and if the ioniging event 1a
initiated by an alpha particls. This pulse of 20 volts amplitude was cbtalned
across 107 onms which in conjunction with the clreowit capacity produced =
pualse 400 microseconds long. Since this pulse wes toc long, we checked the
offect of the load resistance, Ry, on the pulse helght and duretion. The
rasults are shown in Table I. FPulse helght versus load resistance iz plotted
ag a gstraight 1ine on semi-logarithmic graph paper 1o Figure 4.

Slnce the change in output voliage versus losd resistance, Rp, 1s &
logardthmie function, the maximm voltege dropped from 20 to 1.5 volts as the
regigtance was decressed from 10 megohms to 1,000 ohme. The pulae duration
when using this load resistance of 1,000 chms was 0.3 microsscond., This
duration was caused by the shorf time constant of the external sircult of

the iondzation chanher.

17
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Table T

THE [EFENDENCE OF [ULSE HEIGHT AND PULSE DURA-
TION ON THE TONIZATTON CHAMBER LOAD RESISTANCE

Icnizatlon Iontzatlion Pulse Inraticn Maxtimm
Chambar Voltage Chamber Load Resiataonce at Baze Milss Amplitude

(Yolte) {Obms } (Microseconds}) (Yolts)
4, D0C 1,000 .3 1.5
4,000 &, 700 0.6 4.5
4,000 10,000 L. 7.0
4,000 47,000 4.0 10.0
~, 000 100,000 6.0 11.0
4, 000 470,000 50.0 1.0
&, 000 10, 00G, 000 40 20.0
3,000 1,G00 0.3 0.6
3,000 10,000 0,6 2.0
3,000 470,000 30,0 443

Since the output voliage of the lonization chamber waz nmot a simpple

funetion of load rasistance, wa declded to darlve an equatlon which would

ghow the relationghip between the genereted voltage and the various circuli

parameters a
chamber and

lowing equat

erces thae chamber. The squivalent circuit of the ionizatlon
ite network is shown in Figure 5. From this cireultl the fol-

ion wag derived:

éz. 22
- t \j
E'tz 20 sinJl_ — ey (5)

Ej=

a 1/-}-52

=19
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where:

mdnation

PRI

(

ER5R3C5

(C4Cq+ €10+ G1C) T9RoRy

T1R3(Cs + Cg) + 1qRy(Cp + Co) + BoR4(Cy + C4)
3+ R

Byulvalent generated voltege

dt/Cp

CyCp + CaC3 + CoC4
GE - G3

Cutput voltage of network

Example of E; = f(t}
The following valuye= were subgtitutsd in the equation for the deter-

of

EBandt:

13 wvolts

12.6 x 10712 farads
4.6 x 10712 rareds
10730 farags

8 x 10-32 favads
/s

167

104

A graph of network cutmt valtagﬁ,-ES s, varsus electron collection tima, %,

was plotted as shown In Figure &. A study of this graph Indicates that By

approaches the gensrated voltage as the elesctron collection time approaches

-]
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gero. This study helps to explain the reason the voltage EB changed from 20 to
1.5 volts, a factor of approximately 13, while the load resigktance changed from
107 to 105 chms, & factor of 14,000. In the above amslysis, r) is a variable
resistance which 1s a function of time /t. The method of computing T is
described below.

In the circuit of Flgure 7, Ty represents the equivalemn resistance of
an Icnizatlion chamber ax the chaype is collectsd. When the collectlon time Is
7er0, the current, g¢/t, is infinitely large, the equivalent resistance is zero,
and the full voliage 15 developsed across C Instantaneously. When the collectlion
time i3 finite, 2 retarding olemont iz assumed to be present, and tha voltage

across C doss not reach a maximym until =2ome finlte {ime after zero.

a C 10 1
T arwm X = C -}
1 T gﬁ? ié? ¢

¥here I; is the squivalent resistance of the londzation chambsr for the lncre-
memt of A\t considered, s im the instantansous voltage scross the capacity C,
and 1 iz the instantsnecus current which produces the voltage ¢. In other
words this snalysig says that the maximim volfage is bullt up in an ionization
chamber when the instentansous charges sre collected fastsr than they can
leak off.

The puise helght from the network will approach the voltage generated
in the ionigaticn chember when the slectron collection time iz relatively
short. Thersfore, it may be possible to deveiop sufficient woltege to operats
a trigger pair by collimating the particles so that their path iz parallel te

the copter wire of the chamber. Collimetins the particles might be done

23
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magnetically or slesctrostatically. However, becanse of the large fields that
would be required to collimate alphe particles in these waysm, coliimation by
gsometric means would prebebly prove most satisfactory for strong alphe samples.
Sincs the maximm voltage exzpected from the jicnizgatlon chamber loadad
with 1,000 cime of resistance was 1.5 1o 3.0 volts depending on ihe shunt
capacitance, our next step was the determinaticn of the mintmm pulse to be
expected. By varying the "Sync” woltage control of the test oscilloecope we
found that the spread of alphe f:ulsea was ot lemsst 50 to 1. Based on & thres-
volt maximum pulse the minimum should be approximstely 30 millivolts which
ellows a safety factor of 2 to 1. The literature indicatsd that a Pu2?9 alpha
of 5.16 miliion elactron volts developad = total lon paly formetion of 1.47
107 in 3,68 cenmbimeters® repregonting an average of 40,000 lon pairs per centi-
meter. In contrast to thiz a madium veleolty beta particle forms 10Q lon
pe.irs? per centimeter. This representz & spread of 400 to 1 wher the chember
iz operated in the proporticpal reglon, For desipn purposes & souewhat smaller
spread can be figured since advantage may be taken of the tendency toward pulse
squalization which cccurs in the limited propertional region of the Iomization
chamber, where beta particles may be readily counted. Because of pulse equal-
ization leas gain iz needed to bring the pulse hedpht to 0.25 volts, the
sensitivity of our trigger palr. As shown later cur amplifler with a gain of
300 worked satlsfactorily. This does not mean that this gadln is the ultimste

ut 1t 1s sufficient to jllusirate the polnts We are smphasizing in this paper.

el



IESIGH OF THE AMPLIFIER
With the accumulated date on hand 1t became apparent that the design

of & useful ampliflier should incorporate the following featurea: (1) a fast
recovery time, (2) a relatively pood low frequency responss, (2) the ability
1o agcept pulses of widely varying helghts without developlng spuripus pulses,
(4) bave & limiting cutput stage, (%) the ability to preserve the inheremtly
short rise time of the chanber, (6) mimmm pulge integration, and {7) have
gufficiewt gain to detect weak pulses well below the chamber voltage at which
conkimmoug discharge bapgins.

The exparimental amplifier designed {o accomplish this iz showm in
Figure 5. For an amplifier in a caapting syshem it hag seyveral unigue features:
(1) a low input resistance of 1,000 ohms, (2} a remote cutoff input penmtode,
(3) direct coupling, and (4) a voltage ocutput limiter. The 1,000-cha resistor
allows & pulse of short rise time and short duration, the remote cutoff pentode
accepts pulses of widely varying heights, direct coupling allows a fast
recovery time, slimipafes paris, and allows the second tube to be opersted
nedar 2410 blas for maximem mitual conductance, while voliage limiting pre-
vents overloading of the trigger paly coupling circuit. A cathode-follower
cutput stage allows the amplifier to be mounted at the ionization chamber,
thereby koeping the pnulse intepration end attemuation to & minimgm. The
dimsnsions of the applifier are 4 1/4 x 2 x 2 inches. 7Two views of 1% are

shown in Flgures 9 and 10.
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The cutput of the amplifier is limited to 7.5 volts when pulsed with
5 volts from a pulse generator. However, 4 volts was the meximm cutput
cotalned whea the emplifier was pulsed with the maxdimum zignal from a Siupason

proportiopal countar.

RESULTS OBTAINED WITH HEW AMPLIFIRR

The effect of the 1,000-ohm imput reslstor on the pulse shape ia
shown in Figure 11A. Figures 11P and 11C show the effect of other resistore
on the puiss shape. The frequency response of the amplifier i1z shown in
Figure 12. Plgure 137 shows a grapgh of counts per mimrte vermus chamber wvolbage
obtained with a plutonium sample when using the experimental amplifier. (Pu2s?
18 an alpha-gamme emitter with some intermal-conversion electrons.®) There
are two distinct plateaus, one an ajpha plateay and the cther an alpha plus
games plus intepnml-converaion electron plateeu., It seem2 logical to asgsnme
that no detectsable amount of spurious counts are developed when an alpba and
alpha plug gamme platesn is obteinable, otherwise the counting rate would
corirue to rise insteed of leveling off. The affect of spurious counts are
ilIlnstrated in Flgure 1.

To further test our =spplifier a pure alphe emitter was placed in
the ilonization chamber and & graph drawn from the datm obtainsd. The results
are shown in Figure 14. Thisz curve should be c¢ompared with that of Figare 1
to judge the effectiveness of the experimental amplifisr., This platsau haa
been increased from 300 to 1,000 wolts in length and 15 level up to the

voltage whers continuous discharge beging,
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Wa wore unable to obtaln accurate data on the resolving time of thls
amplifier as no equirment wes avallsble which had a trigger pair with & Tesolving
time short snough to allow an accurate check of Tau. A check of Tau using a
gtandard scaling circuit and the experimental amplifier was made and was found
to be 6.39 x 10-C which is comparable 1o that cbtained wlth the Simpson pro-
portiomal counting sytem now Iin uge. A conpardson of the pulses of Flgure 154
and 155 would indicate that a shorier reeclving tlme should be possible with
the experimental amplifler when used with a scaler ¥whose resolving time iz

short enough to allow &n accyrate test.

APTERDTR

To derive Bquation 5, four equaticns were set up as follows {refer
to Figure 5):

E = (1 +1p 41541 L fi at

{1*2*3*4)1'1*‘01 2
. 1 f
9 1R A
G = -3212+...cl.. f{13 + 4y) db « igRy
2

0 = '1333“%5 ji;*db

From the uze of the la Place Transform?
o€

A et Flt}at = £ {a)

the follewing equaticns were obiadined:
E/s = [l_ztls + rl] I + 1In + 1Ty + I,
0 = [-1,&:13 :I L +RBRIL, + 0 + O
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QO = 0 - Ralp + [l,ﬂ"CEE+R3J Ig-l-i.
06+ 0 + 0 - Ryl [m:;a] I,

Uging determinants I3 is found to be:

g RaC2

-'132 +H78 + ¥

13

% = (C83 + €10y + C163) 1y ByRy

3= By {Co + C3) + TRy (Cp + Gp) + BpRy (Cp + C3)

L

g 1 + Rp -

Raferring to table of Transfcorm pairslﬂ

o

e
ERQGE}: zatain %-%t

1q
a \/"\{""iz
a 4a
-zi..'t J(}f '12
) ) E RpR4C5 2 sin —i—-z";z t
Fp = i385 = =
a ANl
i 4{12
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