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1. EESCRTPTION 

1.1 General 

The Pulse Amplif 3.er and Count -%te Meter ampl i f i e s  and c o m t s  pu l ses  
from a f i s s i o n  chamber. The input  s e n s i t i v i t y  i s  such tha- t  some preampli-  
f i c a t i o n  i s  required.  The module c o n s i s t s  of a p l s e  ampl i f i e r ,  a pu l se -  
heist d i sc r imina to r  (PrrlD), a logari-Lhmic count-rate  meter of t'ne Cooke- 
Yarborougli. type,  
lators (1.0 and 10 counts /sec) .  

l i n e a r  count-rate  meter, and two c a l i b r a t i o n  o s c i l -  

1 .2  Construction 

The Pulse Amplifier and C o u n t - k t e  Meter i s  constructed i n  a module 
5.6 i i i .  wi-de, 11.72 i n .  high, and 11.9 i n .  deep. 
plug-rin module of  t h e  Vldular &ac.to:r Instrumentation s e r i e s  depicted on 
drawings Q-"roo-1 through Q-2600-5. 

... 
L t  i s  a s tandard "4 u n i t "  

The pulse-height  &iscsiminaLor and t h e  l i i i e a r  and l o g  count-rate  c i r -  
cuits a r e  constructed oil one p r i n t e d  c i r c u i t  board. 
and the two o s c i l l a t o r s  are construe-ted on sepa ra t e  boards.  Tne pu l se  amp- 
l i f i e r  and d i s c r i m i n i t o r  coumt-rate boards are housed i n  a cadmium-plated 
s t e e l  compartment which covers t h e  e n t i r e  t o p  of  t h e  module. 
w i th in  this compartment a r e  sh i e lded  from each o t h e r  by  a cadmium-plated 
p a r t i t i o n .  
t h e  back end of  t h e  module beneath t h e  compartment. 

Tfle pu l se  a m p l i f i e r  

The two boards 

!!he o s c i l l a t o r  p r i n t e d  c i r c u i t  board i s  mounted h o r i z o n t a l l y  a t  

The f r o n t  panel c o n t r o l s  include a 10-turn potentiometer f o r  t h e  pu l se -  
he igh t  d i sc r imina to r  and an 18 -pos i t i on  switch for ampl i f i e r  gain c o n t r o l  
(13 p o s i t i o n s )  and module c a l i b r a t i o n  c o n t r o l .  
on the  f r o n t  pane l  t o  provide a s i g n a l  f o r  a s c a l e r .  

A BNC connec-Lor i s  mounted 

1.3 Applicat ion 

'The F U s e  Amplifier and C o u n t - h t e  Meter i s  one element of  a wide-range 
count-rate  channel1 f o r  monitoring neutron flux over  a ten-decade span. It 
alnpl i f ies  pulses  frooi a f i s s i o n  chamber and p reampl i f i e r  assembly' and pro- 
vides logari thmic and l i n e a r  count-rate  output  s i g n a l s  . An oukput pu l se  i s  
also provided t o  ope ra t e  a s c a l e r .  

l R .  E.  Wintenberg and J. L. Anderson, Trans. Am. Nucl. Soc. - 3 (2), 454 

*I). P. %UX e t  - a1 - - 3  A Miniaturized F i s s ion  Chamber and PreamplifiPq 

- 
(1960). 

Assembly - (Q-2617) f o r  High-Flux %actors ,  ORNL-3639 [October 1964). 
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The pulses  from t h e  p reampl i f i e r  assembly are b i p o l a r  i n  shape, which 
e l imina tes  t h e  problem of  duty-cycle s h i f t s  i n  the  n u l s e  ampl i f i e r .  
pu lse  ampl i f i e r ,  however, can be used wi th  p o s i t i v e  un ipo la r  pulses 
rates up t o  104 counts /sec of un ipo la r  pulses L psec wide can be accommodated 
wit'n a r e s u l t i n g  shift i n  e f f e c t i v e  pulse  amplitude of less t'nan I$. 

The 
Count 

The logari thmic output  s i g n a l  i s  a current which d r ives  an ex te rna l ,  
conventional ope ra t iona l  a m p l i f i e r  . 
l i f i e r  i s  used t o  opera te  i n d i c a t o r s  and o t h e r  c i r c u i t s .  

The output  of t h e  ope ra t iona l  amp - 

??le l i n e a r  output  s i g n a l  i s  a l s o  a cu r ren t  which d r ives  an ex te rna l ,  
conventional ope ra t iona l  ampl i f i e r .  
l i f i e r  i s  used t o  opera te  other c i r c u i t s .  
t h i s  Linear s i g n a l  i s  used as the  c o n t r o l  signal. f o r  a Servo system. 

The output  of the ope ra t iona l  amp- 
In a wide-range counting channel, 

1.4 Spec i f i ca t ions  

1.4.1 Pulse A r n p l i f  ies  

1.. Gain: 90 i- 5. 

3. Linear pulse ou-tput 0 t o  +5 v. 
2. Rise time (104 t o  90%): less YhaE 0.07 Psec. 

(LOO -ohm load ) : 
4. SatuJ.a-bed output  : 

5. Ati;enu.a,tor con t ro l :  13-positior1, 1.00-ohm ladder type a t  

less than  7.5 v f o r  pulse  widths less 
than 0.5 Wsec . 

ampl i f i e r  input  i n  I, 1...5, 2, 3, 
5, and 7 sequence. 

I.. 4.2 h l s e - R e i r h t  Discr iminator  

1. Range: 

2. k t e g n a l  non l inea r i ty  
( inc luding  pulse  
a rnpl i f ie r  : 

1. Amp.l.it.ude : "3.5 v f 0.25 v i n t o  load. of 1.00 
ohms . 

2. ~ i s e  t i m e  (10% t o  90%): 0.05 psec. 
3. F a l l  time (10% t o  90%): 0.0.5 psec (no oi1tpu-k cable ). 
)I- .  Pulse width: v a r i e s  wLth pulse arnplitu.de in excess 

of' PED bias. 



1.4.4 ~ o g  Count -Fate Output 

1. Range: 
2, AmpI-itude : 

3. Accuracy (at 3OOC): 

4. Temperature e f f e c t s :  

1.4.5 Linear Count -%te II__- Output 

1. Range: 
2. Ampl.itude : 
3. Accuracy (a t  3OoC): 

4. Terrrpera.ture e f f e c t s :  

I. 4.6 Power Requirements 

1. Voltage: 
2. Current d ra in :  

4. Ripple: 

1.4.7 10 - count/sec O s c i l l a t o r  

1. S t a b i l i t y :  

2. 'Thermal e r r o r :  
3. OuLp1ut pu-lse : 

a es. 3 counts/sec i n  5 dec-d 1. t o  10 
0 a t  I count/sec and apppox 40 Pamp 

output  devia tes  I.ess than  *3$ from 
a.1; 105 counts/sec. 

the t r u e  log reading a t  any po in t  
wi th  r egu la r ly  spaced input  pulses. 

t h e  3OoC va'l-ue f o r  any temperature 
from 0 t o  30OC. 
output  devi.ates l ess  t'nan 23% from 
t h e  30°C value a.1; each po in t .  

output devia tes  less than 1-3.4 f rom 

From 30 to 50°C, 

o bo 2.5 x 104 counts s e e .  
approx 1'70 Pamp a.1; l& counts/sec . 
output  devfatzs less  than  -Lhe equiv- 

a l e n t  of  counts/sec f r o m  t h e  
L i v e  counti~ng r a t e  from zero t o  
1.0 ' counts/sec w i t h  r egu la r ly  
spaced input  pul.ses 

t h e  dev ia t ion  of t h e  1.0' counts/sec 
po in t  from its 3ooc value i.s l e s s  
tnan 0.3$/OC from 0 t o  30°C and 
IESS than O . I . ~ $ / ~ C  frot-n 30 to 50oc. 

h 

525 t 0.01 v; -25 L 0.01- V. 

75 ma from 125 v supply; 25 ma from 

L0.04% o r  b e i i e r  againsT ?LO$ line 
-25 v supply. 

changps and w i t h  load changes from 
no load t o  f u l l  load .  

peak t o  peak r i p p l e  l ess  than  0.01 7 7 .  

30 ppm a t  20°C with vertical o r i e n t a t i o n  
of sp r ing  balance wheel a x i s .  
ppm a t  2o0C i n  any other o r i e n t a -  
t i o n .  

300 

11 p p m / O C  f r o m  0 to 3Ooc. 
-11.7 v, 6 msec i.ridtii, ri.se ti-riie 

(10 to 90%) i.s less than  2C Psec. 
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4. Output pulse load: 50 k ilo'nms min imurn a 

5. ?ower supply: -1-2 v -1- lo$ ai; 0.15 ma average and 
3 4 ~ a  peak per pulse. 

1. Cal ibra t ion  accuracy st f0 .ooo$; -0.004%. 
7ooc: 

2. Therrr.81 error :  -4 ppm/ '~ at 70'~. 
3. Output pulse: 3 v peak-to-peak square wave; r ise  

t i m e  (10 to 90%) of  less than 1 
Psec e 

4, Gutput pulse impedance: 800 ohms. 
5. Power slupply: - ~ 2  v 4 10% a t  '7 m a .  

1 . 5  Applicable Ih-awLngs arid Specification 

1. 
2 .  

3* 
4 . 
5. 
6. 
'7 
a. 
9. 

Q-2614 -1 
&-261-J.1.-'2 
Q-2614 -3 
Q-2614-4 
Q-26114-5 
Q-2514-6 
Q-261-4 -7 
Q-26L4.-8 
SF-2)+6 

1. Q-2600-1 
2. Q-2600 -2 
3. Q-2600-3 
4 ~ Q-2600 -4 
5. Q-2600-5 

As s errh ly 
&tai l s  
D - t a i l s  
& ta i l s  
&-tails. 
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2. THEORY OF OPERATION 

2 . 1  General 

The fol lowing descri.ptj.on of  t h e  Module (Fig- 1) i s  divided b t o  f i v e  
(2 ) pulse-height  main groups : 

d i sc r imina to r ,  which incl-udes t h e  Sc%uni.tt tr iggtt?r and e m i t t e r  fol.lower; 
(3 ) pump dri-ver, which includes the f l . ip - f lop ,  Q-13 as a l imi-Ler-amplifier,  
and Q16 and QL.7 as the complementary emit-Ler-follower d r i v e ;  (IC) pump ci.v- 
c u i t s ,  which include hotii t h e  l o g  and l i n e a r  pimps ; aid (5 ) t e s t  o s c i l l a t o r s .  

(1 ) pul..se a m p l i f i e r  and c o n t r o l  swritch; 

2-2 Pulse h p l i f i e r  and Control Switch 

The pu1.se a m p l i f i e r  design i s  t a i - lo red  t o  ampl i fy  pulse; of  the shape 
shown i n  Fig. 2a. !Tiis pu l se  shape i s  produced by a preampl i f i e r  which 
double d i f f e r e n t i a t e s  t h e  pu l ses  from a f i s s i o n  chamber w i t h  a 0.1-25-Psec 
time cons tan t .  (The second d . i f  f e r e n t i a t i o n  i s  ul;ldc a t  a pu l se  t ransformer 
which terminates  t h e  balanced t ransmission l i n e  drri.ven by the preampl i f i e r  
The presmplif  iei- has a 0 .1  Psec i n t e g r a t i n g  t i m e  cons t an t  - 

The pulse  a m p l i f i e r  consists of two fed-'oack g ~ o u p s  wfiich zrc cascaded 
to achieve a-it o v e r a l l  gaifi  of  nearly 100. &ch group has a v o l t a g : ~  gafn 
of a.bou'G 10. Tkse  two s t ages  o f  ampl i f i ca t ion  are preceded by a ].adder- 
type  a'c;tenuator, where the input impedance i s  a constant  ?.OC o h m  ai; ad..?. 
s e t t i n g s  and t h e  impedance, I.ooking back from t h e  amplifier inGut, i s  50 
ohms. 'ike a t t e n u a t o r  ?'.s par t  of  an 18-posi t ion switch t h a t  (I) provj-des 
a t t e n u a t i o n  of the inpu t  s i g n a l  i n  1 3  p o s i t i o n s ,  ( 2 )  disconnects  til;. ampli- 
f i e r  i npu t  from t h e  a t t e n u a t o r  and. grounds it tf i~ough 100 o h s  h two " o f f "  
p o s i t i o n s ,  (3)  disconnects  t h e  a m p l i f i e r  from the a t t e i iua to r  and a p p l i e s  
10' coun'Gs/sec t o  i t s  input ,  ( ' 4 )  disconnects  the a m p l i f i e r  from t h e  a t t e n u -  
ator and a p p l i e s  10 coi.i.nts/sec t o  its input ,  and ( 5 )  di.scormects t h e  ampli- 
f i e r  from th?  a t t e n u a t o r  and supp l i e s  a dc voltage f o r  a p p l i c a t i o n  to a 
5-sec per iod generator  c i r c u i t  tnat, i.s e x t e r n a l  t o  -the module. Also, i n  
al.1 positi.on.s other  t'nan a- t tznuator  p o s i t i o n s ,  t h e  controi switch provides 
a c3c voltage which a c t u a t e s  a f r o n t  p a a e l  l ipJlt  and can be used t o  ac-tuate 
an external. a1.a~-m. 

I 

Both fed-back grou.ps are of  identical design. Fach fed-Sack group i s  
a t h r e e - t r a n s i s t o r  i:onfigu..ra-tior?, w i t h  t h e  f isst two t r a n s l - s t o r s  Ql and €2.2 
c m s t i t u t L n g  a d i f f e r e n t i a l .  p a i r .  The output  from t h e  second co1.l.ector Q2 
d r i v e s  the t h i r d  t rms t s to r  Q3, which i s  an e m i t t e r  fol lower.  Feesoack i s  
r m d e  from .tile emi 'c te r  o f  Q3 t o  t h e  base o f  W .  The ou-tpui; s i s a l  i s  taken 
from the e m i t t e r  foI.!.ower, and t h e  i.nput s igns1 d r i v e s  t h e  f irst  base QI- 
of t n e  d i f f e r e n t i a l  pai .r .  Tnis resii.l.ts i n  a group with an o u t y i t  pul..se of  
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t h e  sane p o l a r i t y  as tinat of t'ne input  s i g n a l .  
i s  very n e a r l y  (R6 3- K()/R6,  n e g h c t i n g  t h e  shunt ing e f f e c t  of R8 on R6. 
The measured3 high-frequency feedback factor f o r  tile s-tage was 10. 

The pulse  gain o f  t h e  s t age  

Tne fed-back group i s  de coupled and has , exce l l en t  de s t a b i l i t y  by 

'Ibe bi.as i n  t h e  a m p l i f i e r  has  been se l ec t ed  so  -that both  p o s i t i v e  
na ture  of  the d i f f e r e n t i a l  i-nput; arid a de feedkack. f a c t o r  i n  excess of  
100. 
and negat ive  por t ions  o f  t h e  b i p o l a r  input  s i g n a l  w i l l  be cl ipped p r a -  
p o r t i o n a t e l y  under overload, thereby r e t a i n i n g  i t s  b i p o l a r  na ture .  

A closed-loop ana lys i s ,  u t i l i z i n g  t h e  hybrid-lr equiva len t  c i r c u i b  
shows that t h e  predominant t i .me constant  i s  nea.rly Co~#7 [ (1% -t Rb; )/R63 ; 
where C0-b and I$,' are t h e  col.l.ector t r s n s i t i o n  capaci tance arid base  res is-  
tance  o f  ($2 r e spec t ive ly .  

4 The output  impedance of t h e  s t age  was computed t o  be 12.6 ohms e 

Die input impedance of the s-Lage i s  very nea r ly  equal  .bo t h a t  of t h e  
base r e s i s t o r  KI. of t'ne input  t r a n s i s t o r  Q J  because t'ne emitter impedance 
of QI. i s  W- (5.1 kilohrns) i n  p a r a l l e l  wi th  -the looking-in impedance of  a, 
which i s  nea r ly  300 ohms due t o  the feedback t o  t h e  base  of Q2- 
an e f f e c t i v e  e m i t t e r  impedance of about 300 ohms, the impedance looking 
i n t o  t h e  base  of Ql i s  about 30 kil.ohms f o r  an hfe of 100. 

Thus, w i t h  

Capacity coinpl_iig Ts used t o  t h e  input  fed-back. s-tage, between t h e  
t v o  fed-back, s'mges and 011 t h e  ou'Gput -to khe pulse-height  d i scr imina tor .  
These coupling t ime-constants a , re  i n  excess of  300 Psec, which i s  adequabe 
t o  prevent  f u r t h e r  differen-Lriat-ion. 
e l imina tes  any poss ib le  duty-cycle  s h i f t s  across  these  capac i to r s  

The bripol-ar na tu re  of  tine input  s i g n a l  

3The procedure f o r  meesurement i s  given by  E. Fa i s s t e in ,  Pulse 
h - p l i f i e r  Ihnua l ,  ORNL-3348 (Oc-t. 26, l962), p 20. 

A' v (open c i r c u i t )  - e .  (A) 
4 The output  i-mpedance 3; = - 1 (shor-t c i r c u i t )  - 'LM = Ro(,)J 

e 
i Ro 

where 

A = open-loop gain,  100 
A' = closed-loop gain,  10 
R = open-loop output  impedance. 
0 

base  impeda,nce of Q3 
of Q3 In. t h i s  case, R = r -t - 

0 e ~ hfe 



ORNL DWG. 66-2858 

p sec 
a. I N P U T  

p sec I 
b .  OUTPUT 

p sec p sec 

c. OUTPUT -NO O V E R L O A D  d.  OUTPUT - X2 OVERLOAD 

p sec 

e. OUTPUT-XI0 OVERLOAD 

Fig. 2 .  Pulse Amplifies Waveform:;. 



2- 3 Pulse-.Heigkk-t Discriminatoy 

The pulse-height  d i sc r imina to r  (PHD) i s  besed on a b i a sed  a m p l i f i e r  
scheme. Tne b ia sed  arnpI.i.fier design i s  very s i m i l k r  t o  t h a t  1.1s-d. i n  the 
pubse a m p l i f i e r .  
d . ia , l  has 500 d i v i s i o n s .  The p o s i t i o n  of E26 determines t n e  d i f f e r e n t i a l  
bias t h a t  e x i s t s  between the bases of  &'/ and Q8, Since &8 i s  conducting 
a t  any p o s i t t o n  of  this potent iometer ,  any p o s i t i v e  inpui; s i g n a l  app l i ed  
t o  t h e  base o f  &'7 must exceed t h i s  d i f f e ren - t i a l  be fo re  Q7 i s  brought in-to 
conduct ion,  and any portion i n  excess of  this d i f f e r e n t i a , l  -i.s amplif ied 
by a f a e t o r  of 1.0. 

The PHD con-L~*ol potentiomet,e-c P26 has 10 t u r n s ,  arid t h e  

The vol-tage drop ac ross  t h e  PHD potent iometer  ~ 2 6  musi; be  5 v t o  achieve 
.the fu l l - r ange  c o n t r o l  of 5 v for pulse-hzight  d i sc r imina t ion .  The volta.ge 
can be  t r i m n e d  t o  thLs va,2ue by  a d j u s t i n g  B32. 'The "zero" of  t h e  PHD can be 
trirmned by a d j u s t i n g  t h e  values of R2h and F27. Sect. 6 gi.ves Lhe de"iai1s 
for tiiese adjustmenks. 

An ac-coupled. Schmitt tY5gser i s  used t o  shape t h e  pulse  from .tile 
bi-ased a t n p l i f k r .  Thc t r i g g e r  sensitivri.ty oC tilc Xchmit'i i s  2.5 v. A 
more sensibiv-e t r i g g e r  wj-1.1. cres'ie s t a ' u i l i t y  problems, even though any 
s e n s i t i v i t y  changes am reduced by a f a c t o r  o f  10 when Yeferred Lo t h c  
p*l.se ampl-i.t,i,de. 
i s  about Lhe amplitude of "feed-through " pu l ses  o f  the biased ampli.f:i.er. 

Tnz sensitivity caii-flot be lcss than 0. j v, because this 

Ano'iher cons ide ra t ion  f o r  keeping tge Schiiii-t t -trigger s e n s i t i v i t y  
l a r g e  j.s -to r e l a x  t h e  bandwidth requi.rements of -the b i a sed  -"off arnpl-ifier. 
Tb? t r i a n g u l a r  shaped chaxac tcr  of t he  p o s i t i v e  portrion olf t h e  arnplifi-er 
pul-se p l aces  a bandwidth bu-rden on t h e  b iased -o f f  a m p l i f i e r  For the gul.ses 
which b e r e l y  exceed t h e  tLireoh.old l eve l .  'ike l a r g e r  t h e  p*I:;e required t o  
t r i -gger  tile Schmit'c, the g r e a t e r  tYLe outpit, required from -Line b i a sed  amp- 
l i f i e r .  
w:id.er a t  t h e  base l i n e  and wil..l~ :t-eqliire l e o o  han+vidbl? from tile a m p l i f i e r .  

These Largci- pu-lses,  because of t h e i r  t r i anga lax  s'nape, wri.11 b e  

The 2.5 -v sens i t io  i t y  o f  the S c l i r i i i t t  t-eiggerr recul-Ls i n  PiX potent-iom- 
e t e r  control t h a t  i.5 ine4Pec.tivo below 0.25 7- of  pul.se ain-pl.itiide. This i s  
only >$ oC the  5-v full range and is cons?-dered t o  be o-nly a, rafnor l i r n l - L a -  
t i o n .  Tri-ggcr s e n s i t i v i t e s  inn excess o f  2 - 5  v would r e s u l t  i n  even less  
usab le  portioiis  of  %he PHD potentiometer aTd would not be d e s i r a b l e .  

Trarislstor 617 of t h e  bizzed amplifi-er must have a base-to-erni-LLer 
breakdowfi vol . tsge g r e a t e r  t l x n  5 v. 
ihvez-ted chopper a p p l i c a t i o n s  lias a 1-5 -v INEB0 rz.t ing.  

The 2TEb32 t r a n s i s ~ t o r  designed f o r  

Tho pulse ou t  of the Sehmit'L t r i z g e r  i s  app?.i.ed t o  emit tey --follower 
QL2- 
ernoiint t h a t  t h e  pu l se  a m p l i f i e r  pu l se  exceeds the b k s  s e t t i n g  o f  the PED. 
The emit'ior-follower o u t p u t  d r i v e s  the su.cceeding b i n a r y  s.Lage end ari cxlxrna? 
seal-er.  The recovery o f  the pu.1. a-i; .the emit Ler foJ.lower w i l l .  b e  s1.0~ at 
the -teI.minat-ion of  e x h  pu-lsc  i f  an unterminsted cable  7.3 used t o  make 

lhe  msgnitiide of  t b - i n  nu l se  i s  +^J. 5 I-, and i t s  width depends i n p n  t h e  



connection to a scaler ,  because the charged. czble w i l l  t~.old Q 2  off and. 
m?mt be discharged through R47, -2 6.2-kil.obm res i s tor .  

2.4 h m p  Driver  

The pu.lse from the  Schmitt t r i g g e r  arid I t s  ernitte:c* fo l lower  does not 
'nave t'ne proper  amplitude or t h e  widt'n t o  d r i v e  the log and l i n e a r  pumps. 
A binary s tage  (also called a f l i p - f l o p )  i s  u s e d  t o  fur ther  shape t h e  
pulse.  
equml. t o  the t i m e  elapsed between two successive pulses .  
shaping automa,tical-ly provides  the pump c i r c u i t s  wt th  wFde pul.ses without; 
any inc rease  i n  dead-time 1os:ses. The consequent, divi:t;ion of the pulse 
rate by a, factor  of 2 inus?;, of cou.rse, 'oe consi.dered in the piuriip tiesigp. 

%-e output pulse of the flip-flop is reetangnlar, having a w i d t h  
This meYnod of  



with  diodes IT/, D13, D14, D3.5, ~16, and D l 7  a r e  used t o  perform t h i s  t a s k .  
Diodes IT(, D l 3  and D14 a r e  f a s t - r ecove ry  convent ional  d iodes ,  (2nd diodes 
D1-5, D l 6 ,  and D17 a r e  5.2--v Zener diodes.  

Anplif i c a t i o n  w i t h  con t ro l l ed  amplitade i s  accor~iplisl?ed by  &15, t h e  
m s e e  fas t  diodes, and t h e  t h r e e  Zener diodes.  The col - lec tor  cu r ren t  of  
Q14 forward-biases  dtode and t u r n s  Ql5 hard "off." The col . lec tos  of 
Q15 i s  caught at approximately -17 .v- by  'ihe series s t r i n g  of  t h e  tnrec fas t  
diodes and t h e  three 5.2-v Zener d iodes .  When Q)! i s  t u n e d  o f f ,  D7 7.s 
r e l eased  and Ql5 i s  tumned hard "on" by  the base d r i v e  .through R53. Thus ,  
t'ne col . lector  swing o f  Ql5 i s  from -17 v t o  e s s e n t i a l l y  0 v. 'The two diodes 
i n  s e r i e s  w i tn  t h e  Zener diodes i so l -a te  t h e  I.arge capaci tance of t h e  Zener 
diodes f i -om t h e  co l . lcc tor  o f  Q15, permitt i jzg fas t  rise and f a l l  ti-mes. 
diode is adequate f o r  this i s o l a t i o n ,  'out two diodes give b e t t e r  tempera-Lure 
coinpcnsation lor diode e f f e c t s  on the  diode pumps. 'The Zener diodes have 
a zpecifj-ed r a t i n g  of  0.005% p e r  C chailge, snd  tine var ia- t ioi l  of  t h e  saturra- 
t i o n  vol..tage of QJ.5 7.s l e s s  l;iian a few t e n t h s  of a m i l l i v o l t  p e r  OC. 

.C' - 

One 

0 

It should be  apparent  t ha t  the  scheme j u s t  described i s  one where VIE 
col. lectos c u r r e n t  of  Ql.)k i s  sampled, r a t h e r  .than i t s  c o l l e c t o r  vo l~ tage ,  SO 

t h a t  ampl i f i ca t ion  is no t  achieved i n  t h e  u s u a l  sense. 
employed is one where no loading  I s  placed on the f l i p - f l o p ,  perz-nit.Ling it 
t o  ope ra t e  at maxi.mum speed. 

However, t h e  method 

Trans i s to r s  Q1 6 arid (2.1-7 comprise a complementsry emitter-follower 
d r i v i n g  s t a g e  which a p p l i e s  tile 17-7~ pulses t o  t h e  nu.np c i r c u i t s .  Tie 
nccessi-by o f  a complementary r3esig;n over  thak  o f  a. single e.rniLter fo?.l.ower 
can be explained i f  we mornentari1.y inc',ixde t h e  punp ci .rcuiLs in the dis- 
cuss ion .  The fo l lowing  s e c t i o n  w T l - 1  d i scuss  t h e  pump c i r cu i - t s  i n  g:e?at,e-r 
detail. The negat ive-going s tep  of  t h e  17-v pilse  proceeds t o  charge t k e  
feed capaci- tors  of t h e  punp c i r c u i t s  (C26 through C 3 1  f o r  the  log pumps, 
srd C39 for t h e  l i n e a r  pimp) t'nroug'n the i r  r e spec t ive  d-j-odes (Dl8, EO, 
D22, Mlk, E 6 ,  D28, amd D ' j 2 )  t o  t h e  f u l l  17 v. 
edge of  t h e  pu?.se (o r  %he r e t u r n  t o  ground),  these capac i to r s  mr~us-i; now 
be dri.s[:k;arged quick ly  -io 0 -V- t o  be prepared for t h e  next  pu l se .  
charged pa th  must proceed through t h e  second driode of each pump i n t o  t h e  
smoothing capac i to r  o r  ou tput  c a p a c i t o r  of each purr~p f o r  prope:? a c t i o n  of 
t n e  pump. A t  t h i s  t L m e ,  Q1'7 i s  b-iased o f f  and. cannot provide JLl?i.s di.s-  
charge.  Ql7 i s  o f f ,  s i n c e  i t s  base i s  a t  o r  nea r  ground and i t s  e m i t t e r  
i s  a-t -17 v because the feed capac i to r  i s  behaving as a 1.7-v b a t t e r y .  
W i t h  Q.16 ri~n tile c i r c u i - t  as the NPN complement, j - t  w i l l  be b i a sed  ''on" 
and will permit t h e  feed  c a p a c i t o r  t o  d ischarge .  

On t h e  positive-going 

'This d i s -  



2.5 Pump Circui ts  

2.5.1 Logarithmic Yi~mps 
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with  m1.5 and 1~16 a r e  loca t ed  a t  t h e  ope ra t iona l  nmpl_if ier ,  
r e s i s t o r s  were loca ted  i.n the pu l se  arriplif i.er and count - ra te  meter ~ ~ o d u l e  
and t h e  module were unplugged it srou1.d optm-circul.t -the feed -back loop 
on t h e  0pe:m.Lional amplif i e r  and Cause the opexxtional- a m p i i f i e r  to sat-  
u r a t e .  It i s  not  advisable  t o  leave  these a m p l i f i e r s  i n  'his stzte f o r  
extended per:-ods of  t ime ~ 

If these 

The opera t ion  of the pump c i r c u i t  w a s  par t ia l1 .y  covered i n  the p r e -  
ceding s e c t i o n  and vi11 be extended he re .  
a c i t o r  Is t r a n s f e r r e d  t o  the smoothing capacitors C32 through C37, a 
vol tage  i s  developed ac ross  t'nese capzc i to r s  which causes tiie c u r r e n t  
flow through any shuiit r e s i s t a n c e  siich as R88 and R87 o f  t h e  first pump. 
Ft88 i s  essential1.y r e h r n e d  t o  ground s i n c e  it i s  6ied t o  the summing 
junc t ion  (a vir 'cual  ground ) of t h e  e x k r n a l  ope ra t iona l  a m p l i f i e r .  A t  a 
s teady  count r a t e ,  there i s  an equilibri-inm condit-ion e s t a b l i s h e d  where t h e  
rat;. of  charge,  o r  cur ren t  i ~ i f l o ~ ,  i s  equal t o  t'ne c u r r e n t  outfl.ow, and 
a steady dc voltage (b-itb. siiperimposed s-tatistical. v a r i a t i o n  ) is establ.is 'n- 
ed ac ross  each sr!-loothing capaci-tor . 

As charge from t h e  feed cap- 

The r l t a g c  on each srmot'hing c a p a c i t o r  w i l l .  bear the  fo3.l.owing re la-  
-Lionship : 

where 

Vi = input  pulse ampl~ritude, 
ii 

C 
K = t o t a l  shunt r e s i s t a n c e  ac ross  smoothing capacitor. 

d e t e c t o r  cou.nL r a t e  d-ivided by 2, 
= capacrity- o f  feed  capac i to r ,  

This response i s  sho-rn g raph ica l ly  by  any of  t h e  six curves i n  Ftg. 3. 
For small. values  of  n, where n!iC i s  s r m l L  compared w t t h  u n i t y ,  tlie response 
?.s n e a r l y  l i n e a r  as z func t ion  o f  n, t i ie couiit  ra'w. 
- h e  respoiise beccmes nort1:inea.r (appearring -Lo be linearr on a semi]-og plot ) 

A s  in becomes 3..arger, 

6, 
f i e  d e r i v a t i o n  i s  as follows: 

v = (V .  - v )nCR, 
0 1- 0 

V.nRC 

l -1- nRC 
- 1  - 



and 1Cl.timtel.y reaches a sat-uration value of V i  when nRC is  oiiic'n greater 
t'r1.an u.riity. As the count rate i m r e a s e s ,  each pump 'becomes successively 
setu.mted (pumps with the  largest RC product satura.t;e fi.rst ), r e s ~ l t i n g  
i n  a constant oui;put cursent from eacb pump e 

The (2ook.e -Ys~borough pr inc ip le  w i l l  slnow end effects when a. l imi ted  
nuin'oer of pumps i s  used t o  approximate the logaritktmic response. To corn- 
pensate f o r  t'nis, the  two end purrrps deliver ahout 10% more cu-rrent t 'nan 
tkie four middle pumps. This i s  accomplished. by nm,king the v a l u e  of' %he 
feed r e s i s t o r s  R88 and R98 sinaller then that of the ot'nes four  feed re- 
sis toi-s  RYG, R92, R~I-L ,  and m6. The valu-es of the shun% resiskors  R87, 
Et?@, X91, R93, Rg5, and RY7 are adJusted to k.eelj the  pump %ircre-constant 
XC a t  v a l u e s  which d i f f e r  by a fac tor  of 1.0. 

'Die ot'hsr c r i t i c a l  components of tine voxirjus pi.mps, such as t h e  feed 
capacitor and o-iitpixt resistors, :ire hi&.-quality, h i g h - s t a b i l i t y  kl$ 
corriponents , or b e t t e r .  



larger voltage. 
charge i s  t r a n s f e r r e d .  %e .two di-odes D l 3  and Dl.4 i n  ser ies  wri.th t h e  three 
5.2-31 Zener diodes have a tendency t o  compensa{;e f o r  th5.s. 

Al-so, the  foi-iar-d drop ac ross  D I 9  i s  less ,  and morc 

A s  t h e  temp- 
~ 

e:catixre r i s e s ,  t h e  i"oY-i:iard drop of these  two diodes will be less  
resu1.t t f i  a reduced p u l s e  zmpli.t;ude. 

2.5.2 Lineai- PUmy 
_l___ll_ 

The l i n e a r  pump c i r c u i t  is designed t o  pive a l i n e a r  ou tpu~t  
s i g n a l  up t o  a value o f  about 1'-70 Ma for LO'"counts/sec. This c-urrent is 
f e d  through R99, a 10-kilohm res?-s tor ,  i n t o  the surrming junc t ion  o f  an ex- 
t e r m 1  opera t iona l  a r p l i f i e r .  This amounts t o  a voltage of +l.-( v a-t t h e  
output  o f  t h e  purnr,. 

Without; any a t tempt  (si.i.ch as bootstrapping) -Lo improve l i . n e a r i t y ,  the 
output  s ignal-  wou1.d depart Prom ?.:i.neari'r,y b y  n e a r l y  9%. 
puted f r a m  t h e  genera l  count -safe expression gi-ven in -the precedj.nq s e c t i o n  
wi th  RC = (1399) ( Q S )  = (10') (0.0022) ( l .O-h )  and n = 5 x 102 counts/  
s ec .  The boo t s t r app ing  c i r c u i t  c o n s i s t i n g  or^ &7..8 and $1.3 serves t o  e f f e c t -  
i v e l y  inc rease  t h e  magnitude of tile input  pu l se  by an amount equal t o  the  
OuLput dc: voltage, Discounting t h e  small- drop in Pdl7, any change i n  t h e  
outpi3.t voltage appear; a t  tile mode  of  D32 and is i n  a d i r ec t io i i  t o  i t ] . -  

c r e z s e  the vol tage  t o  which t h e  feed capacitor i s  charged .Vri.t,h each inpu t  
pu lse  a %.us, the output  cu r ren t  which- without  boots t rzpping  i s  

'This can be  com- 

I; 

be come s 

L - 
-n 

which i.s independent of  vo. Here a l l  terms have the same meaning a.s i n .  
the preceding see-Lion. 

Tne cascaded erzi.tter-foI.lower arrangement (&.r-l.ingtori p a i r  ) i s   sed 
'GO raise the  looking-in impedance of  t h e  boolx t rapping  c f r c u i t ,  thereby 
reduc?..ng i-Ls loading  e f f e c t  on the output  vo l tage .  The vol tage  drop of 
t h e  base- to-emi t te r  vo1 ta t . e~  of 018 and Qlg p l u s  Lhe drop across mi'{ i s  
of s u f f i c i e n t  magn-j.tu.de t o  ensu-re t h a t  D3!. i s  s u f f i c i e n t l y  ba,ck b i a sed  
duying t h e  charging time o f  t h e  f ee6  capac i to r  to avoid a leakage of  
ck-arge f r o o  tb.e smoothing capac i to r .  

Tenipera'cure effects i n  t h e  l i n e a r  diodc pump are due p r imar i ly  t o  
change:; i n  thc two diodes D3:l. and 1132. Varia t ion  5.n the fonmrd  vol tages  
of .Yiiese t v o  diodes 3.s compensated f o r  by change:; i n  input  pul.se x n p -  
l i t u d e  i n  a m a f l m x -  3s d.Fscribed i n  tne preceding s e c t i o n .  DrirJde lcskage 



c u r r e n t s  and leakage i n  the e l e c t r o l y t i c  smoothing capacitoss 
gible, p a r t i c u l s r l y  since the value of the  output sesisto:r is only 1.0 
kilolims . 

11egl.l. - 



balance  wheel i n  a di .rection t o  sustain i t s  movement. The output  pu l se  
i s  taken  from t h e  collector of t h e  a m p l i f i e r  t r a n s i s t o r .  The o t h e r  t r a n s -  
i s t o r  i s  connected as an e m i t t e r  fo l lower  and provides t h e  necessary  power 
a n p l i f i c a t i o n  f o r  the s igna l  from t h e  pickup c o i l .  

The o s c i l l a t o r  produces an output  pu l se  o f  t h e  same poI .ar i ty  each t i m e  
t h e  rnagnct passes under t h e  c o i l s .  'This r e s u l t s  i n  two pulses  f o r  each 
compl.ete cyc le .  '1%~ t i m e  du re t ion  between success ive  pu l ses  can d i f f e r  by  
as mi .~ch  as 3 msec; houever, t he  sum of the two i n t e r v a l s  remains p r e c i s e l y  
a t  0.1 see ( i . e . ,  a 10 count/sec rate). 

4 
2.6.2 10 count/sec O s c i l l a t o r  

!L 4 
%he 1.0' count /sec o s c i l l a t o r  i s  c r y s t a l  con t ro l l ed  by  a 10 couni;/sec 

qirar-kz c r y s t a l .  The o s c i l l a t o r  c o n s i s t s  of a.n Engineered El .ectronics  Go. 
(EECO) plug-in u n i t  T-1-07, requir?'..ng a s tandard  9-pi11 mini-ature tube socket .  
The qua r t z  c r y s t a l  ( E E C O  type  Hl.45-31.) i s  rnoim-Led separatel-y.  The T-107 
u n i t  conta ins  three t r a n s j . s h r s ,  two of  which a r e  used es a two-stage common 
er-r.itter a m p l i f i e r  w i - i i i  fecdhack f-om t h e  second c o l l e c t o r  t o  t h e  f i r s t  base  
bilrough t h e  impedance of  t he  c r y s t a l .  'There i s  a f u l l  360 phase shiYt,  and 
t h e  c i r c u i t  w i l l  osc i l . l a te  a t  a frequency wiiicii experiences n e i t h e r  phsse 
shirt nor  apprecLable attenuatri.on throu@ the crysta!_. %he t h i r d  t r a n s i s t o r  
se rves  as an emittes-fol-lower output  s t age .  

0 J 7 , .  

2 I 6 . 3  O s c i l l a t o r  Sl?_aper 
l _ l _ _ _ _ _ l . - _ ~ .  

4 
Since the oukpui; wavefo-crrs of the 10 count /sec and l;iie 1.0 count/sec 

Q20 and Q21 form a convent ional  
osci.l.l_ato:rs are  widely d i f f e r e n t ,  presheping i s  requi red  i f  a uniform pu l se  
i s  t o  be  app l i ed  t o  l;iie Fulse  a m p l i f i e r .  
Xchmitt trigger f o r  t h i s  purpose.  Q21 i s  norn~3. ly  on and Q20 is  o f f .  'The 
c e n s i t l v i t y  i s  such t h a t  about 4 v i s  needed f o r  t r i g g e r i n g .  B e  ou tpu t  
pu l se  from the  c o l l e c t o r  of  Q2l i s  a p o s i t t v e  pu l se  which i s  sharply d i f -  
f e r e n t i a t e d  by C38 and I@%. 
A negat ive  pu l se  of aboiit -Yne same amplitude i s  obtained,  b u t  ii; i s  of t h e  
wroiig p o l a r i t y  t o  trigger -t;he pu l se  -height d i sc r imina to r .  

me r e s u l t a n t  pu1.s~ j.s about 3.1. v i.n am9litu.de. 

3 .1  Instal l a t i o n  

'I"he Pulse IbnplTfier snd Count;-Pate Me-Lei-, ORNL node1 Q-2614, i s  a module 
in Liie ORNL Modular Reactor Ins'Lrlimentation seri .es . It h a s  staizd.ard con- 
nec to r s  and dimeusi0n.s and has a p i n -  and hol-e-code on t h e  r e a x  p l a t e  so 
tha-t t h e  module wil.1 no t  be  in se r t ed  in s. wrong l o c a t i o n  i n  a drawer. ':Vb.e 
[nodule i s  i-ristal_lcd b y  p l ac ing  it i n  i.ts proper  l o c e t i o n ,  i n s e r t l n g  'ihe 
inodu1.e Yirmly, and t l i g h k n i n g  t h e  thumb screw. The module may be  plugged 
in wi-tl? power on .viitk.,out damage. 



3.2 Operating Controls 

The f i n a l  setting for thet;e con t ro l s  w i l l  be detex?rined by the c'narac- 

Thus, each 
t e r i s t i _ c  of t;he fission d e t e c t o r  and prearriplif ier and by %be Length of 
transrrdssion l i ne  frorn the p remqdi f i e r  -La t h e  pu l se  ampl j f ie r  . 
i n s t a l l a t i o n  w i l l .  have different se t t ings  for t h e s e  con t ro l s .  
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4.2 Fei-iodic Ma.ini;enance 

l h e  ca l . ib ra t ion  of the log count-rate meter should be checked at l e a s t  
once 3 rnoiitii. 
The 10 count/sec t e s t  point must be given adequate time be fo re  a f ina l .  
read ing  i s  taken. Some s l i & L  readjustment o f  t h e  "Calib" potent iometer  
may be necessary .  

This can be done wi th  t h e  10 and 10''. count/sec o s c i l l a t o r s .  

'&le :.rheel a x i s  and beari-ngs of t h e  10 count /sec o s c i l l a t o r  should 'oe 
cleaned and 1-ubi-icated w t t h  hi&-precLsjon o i l .  
a d  equate. 

Once every 5 years  i s  

A l l  c a l i b r z t i o n  procedii-es x i d  inst ruments  requi red  a r e  discussed i n  
Sect .  6.  

4.4 Troubleshoo Ling 

If t h e  cause of any fail~u-re of  the module i s  no?; apparent  by visual. 
inspec t ion ,  check t h e  module f o r  t'ne supp1.y vol tages.  Rot11 posri.i;ive 25 v 
and negat ive  25 v are requi red .  If t h e s e  are bo th  norrmal, place t h e  con- 
t r o l  swi-tch i n  one o f  t h e  t e s t  osci.l.lato:L7 posLtions ( the  l.OL1 count/sec 
o s c i l . l a t o r  i.s p r e f e r r e d ) .  The t r o u b l e  can be i so l .a ted  by use of' .the test 
p o i n t s .  (The pulses  OX'L of t h e  an ip l i f le r  w i l l  be un ipo la r  when dr iven  by 
m e  b e s t  o s c i l l a t o r  I ) L 1  

The botton. of -the compartment which houses a l l  o f  i;iie electronic c i r -  
ciii.ts wit'n t h e  Fjxceptioii o f  t h e  oscil l .atoi-s can be removed t o  gain access 
to the prinLed wiring s i d e  of t're pri.nti:d c i r c u i t  board.  
l i f i e r  s e c t i o n  7.s completely enclosed,  amd its board m u s t  '02 lLi.ft,ed out. 
of t h e  compartment to gain access  t o  t'ne p r i n t e d  wiririg si.d.e o f  i t s  pi- int-  
ed circu7:t board.  

'The giil.se amp- 

If' any t r aus i . s to r  r equ i r e s  replacement,  'lkbl-e 2 i.n Sec t .  6 should be 
checked.. 

h . 5  Voltage Chart 

See Table 3 i n  LSeS(iCt. 6.  

A d c s c r i p t i o n  and an ORNZ Stores number f o r  all- repl.aceable paytc, 
a r e  g;lven i n  Tab1.e 1. 



Tab1.e 1. Replaceable Parts List 

Part No. 0RNL Stores  No . 
C43 0 6 -807 - 3lc6 5 

c28 

C4l 06 -802 -0390 

clt2 06 -802 -0400 

c36 06-802 -00% 

c7 , CL3, 
C1.8a, e a 7  
c2 5 
ci., c4, c8, 06-802-0087 
C X ,  Cl4, 
CY-(, c17 
c2, c3, c>, 06-816-pk 
C6, cg, CIO, 
CI.1,  (35, 
C l G ,  c18, 
c23, c24, 
c44 

c2)L7 

06 -8w -0091 
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Table 1 (cont inued)  
___II_- I 

ORSL Stores  - ,a .  De s c s ipi; i o n P a t  KO. 

C26 

R87 

Capaci tor ,  I t t f ,  ?l$, 3..00 v dc w, metal ized 
i"il.m, Jkarboril Xo. MPIFl.O',El. 

Capaci tor ,  taqtalum e1.e c t i - o l y t i  c i o r  de rat, ing 
t o  20 v dc 17, l eakage  cu r ren t  shall- be less 
tlian 0.2 @a L'rom ~ O O C  .io & ~ O C ,  1.eakage cu r ren t  
sha l l  not exceed 0 .2  ua af-ter 10,000 hours  
ope ra-Lion a-i 45OC and rated working vol-tage. 
Capaci.tance shal.1 no t  vary more -than 10% of 
sated value a t  P ~ O C  over 1.0'~ t o  4 5 O c ,  ~psagu.e 
E l e c t r i c  Co. The fol.lowing values are s p e c i f i e d  
a t  2 jot: 

40 mf, tl.O$, 30 v dc 'vj. 

20 m f ,  ?LO$? 50 v cic [v. 

11 rnf ' ,  +l~O$, 100 v d c  G .  

potent  iorneter, 2000 ohms , ,kj$, l i n e a r i t y  r t O . l $ ?  
10 tu.r.9, 1.5 w at 4 O o C ,  1/4 in. shaf-t;, 3 i 8 - 3 ~  
bushi-ng, I l e l i p o t  model 30. '['rlGWKL. I. 

potent iomzter ,  100 o.orins, *o$, 0.25 w a t  ~o'c, 
p r i q t e d  x i r i n g  mount kig,  A-B - ty~)e FPl0l.M. 

R e s i s i o r ,  35 megokims, +I$, 1 w, carnon film, 
PyroseaJ. Construction, FyroTilx type  PT'(0. 

RcsiLstor, 1-0 megohm, ?l$, 1-/2 $ J ,  carbon i ' i l m ,  
Texas I r i s t r .  - h e . ,  type CDE 1/23. 

The fol.lowi.ng x i r e  --woilnd p - r e c i s l o n  i -ec i s tors  to 
'oe 'ic.rnpera-tijre aged a'c 15ooC f o r  48 hours 
r e s i s t a n c e  value -to be ; r i thin tol-ei-ance xhen 
measlired aJc 25"~. 

REsistor, 1.25 ohms, ?I./>$, 0.25 s . , ,  at ' l . r50C,  
Ihven tyi:e 1350. 
Res i s to r ,  100 ohms, +1/2$1, 0.25 'x, at I . L 5 O C ,  
Ddven ty;ie 1350. 

Res i s to r ,  200 ohms, +l/2%, 0.25 w, at l r S ° C ,  
mven t y P e  1320. 

Res i s to r ,  300 olims, ?1~./2$, C.25 w, st 125 C, 
I);i7Jen type 1350. 

Res i s to r ,  470 ohms, +1/ , 0.25 i;, a t  I k 5  C, 
D,.ven t y p e  1350. 

Res i s to r ,  1000 ohms, ?l/;i$, 0.25 G, ai; ?:25'C, 
&vcn ty:Je 1350. 

Res i s to r ,  l800 o'rims,LI./%$, 0.23 I;, at 12>'C, 
Daven ty,e l..350. 

Resis toi . ,  2 k O O  ohms, .t?/Z$, 0.25 w, at 125 C, 

06 -9 32 -0370 

Final. 

Standard 1ea:J. s;mc 

0 

0 

0 



Table 1. (cont inued)  

R97 

13113 

R98 

RO8 

R90, RSj'ci, 
R94 

OFiNL Stores  No. Des c 1' i p t F 0 I1 

06 -9 32 -0071. Resistor, 330 ohms, L%, 1/2 w, carbon f i l m .  

Res i s to r ,  566 ohms, +I.$, 1/2 w, carbon € F l m .  

06 -932 -0123 Resistor, 3C00 o h m s ,  &I$, l/2 w, carbon f i l m .  
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R e s i s t o r ,  12 kilohms, ?5$, 1/2 -J, A-B. 
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Table 1 (cont inued)  

Part Xo . ORpiJL S tores  No. Description 

Res i s to r ,  200 kilciims, +j$, 1/2 w, A-B. 

Res i s to r ,  510 k.ilo'iims, t5$, l / 2  w, A-B. 

T rans i s to r ,  NPN, s i l i c o n ,  type 2W219, Motorol-a. 

06-996 -2010 

06 -996 -1640 
06-996-1610 

06 -996 -1880 

06-996-1710 Trans i s to r ,  PNP, si.l.icon, type 2XL131, Texas 

Trans i s to r ,  PI?€', germariiu, type 2Xi795, Sprague. 

Module, genera tor ,  Liming yi~.l.se, LO ppsJ  1.2 v, 
rmdel E-Gl/GI,  %en;.th Watch Mfg., LLCi., Le -Locle, 
Sw it z e:L.land. . 
Diode, s i l . i eon ,  type l K 9 l k - A ,  Texas Tnmatr. , b e .  

k s b r .  , m c  . 
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'Tab12 1 (continued ) 

Crys ta l ,  10 lic, for T-107 osci. l . lator,  i n  
MC-13A holder ,  EECO model Eo. If-14 5-31, Engi- 
mered  E lec t ron ic s  Co, 

Lamp,  incandescent ,  28 v a t  40 m a p  type 327, 
G . E .  

i!. 06 -916 -25'16 

6. ACCEJTANCE TEST PROCEDji)ES 

6.1- Test Instruments and Components 

1112 fo l lowing  -Lest equipment i s  requi red :  
1. A mul.timetei-, Triz11.ett r:lodel.. 630. 
2* 

3. A digital, d i r e c t  -cur ren t  vel-tmeter, d i f f e r e n t i a l .  inpiit,  f i v e  

ALi o sc i l l o scope ,  Tekiironix 541 w i t h  -tt\rpe L o s  type  CA p lug- in .  
T h e  L i s  p r e f e r r e d  because of  g r e a t e r  s e n s j - t i v i t y .  

dj.gri.t, 0.01% accuracy with 100 
autoillatic range change, i npu t  impedaiice o f  1.0 Tclegohm a t  ba lance .  
model v-85 voltmeter  i s  recommended e 

425A, o r  Dynamics, model  1362. 
it has a grea,tere inp1j.t sensri.tivvity end ri.t can be completely i s o l a t e d  from 
power mains i n  b a t t e r y  opera-"ion mode. 

5. A p u l s e  genera tor ,  mercury r e l a y ,  ORNL model. Q-1212C or Q-12X!IIs 
6. 
' 7 .  A t r a n s i s t o r  t es te r ,  cu r ren t  zmpl i f i ca t ion  measured a-i; 1 kc, c o l -  

resolutPon on tlie most s e n s i t i v e  range, 
A Cubic, 

4. A d i r e c t  cur iwi- t ,  vacuu.m t u b e  vel-tmeter, Hewl.ett-Facka.:ed, model 
The Dynamics vol tmeter  i s  p r e f e r r e d  b-causc. L 

A pinl.se genera tor ,  crystal con t ro l l ed ,  OWL model Q-2167 o r  equ iva len t .  

1eci;or s z t u r a t i o n  c u r r e n t  measured wl th  a 5C-pa meter  wii;b 25 small d i v i s i o n s .  
A Ikird-Atomic, ir.odel_ KT-1 t e s t e r  i s  recommended. 

f o r  l i n e  and load  changes, 1.ess than  0.03- v peak t o  peak ripple. EiLl ie r  
Hm-i-ison l abora to ry  %in Vol'tage Sugply, model 8OOA-2 o r  an  OENL Model. 
Q-2619 Regulator 5.s recommended. 

A . res is tance br idge ,  1% accuracy from 10 ohms t o  1OC kilohms. 

8 .  A power supply,  p o s i t i v e  25 v, negat ive  35 v, O.O5$ r em] -a t ion  

9. 
LO. A n  o p e r a t i o n a l  amp1 i f i . e r ,  dua l ,  chopper s t a b i l i z e d  wi th  all re -  

11. Res t s to r s ,  kO.5%, 250, 1, and 10 kllonms. 
1.2. Potent iometers ,  composition, ca:rboxi , 2 w , l i n e a r ,  5 and 100 k.ilohms . 
13. 

14. A capac i to r ,  ceramic, GO$, 25 v, 0.22 mf. 
1-5. A capaci.tor, iiie.tal.l.i.zed. :laper, GO$, 10 v, 50 m f .  

quired. power supp l i e s .  Ari ORNL, model &-'2605-1 am2lif i e r  i s  recommended. 

A poteii t iometer,  w?ree-wound, 4 w, l i n e a r ,  200 ohms .I.$. A General 
Kad.ri.o, type  3 C l - A  po ten t iometer  i s  recommended ( se l ec t ed  foi- I$ t o l e rance  ). 



6,2 General Test Pcocedines 

6.2.1 T r a n s i s t o r  Tes t ing  

P r i o r  t o  any t e s t i n g ,  a11 t r a n s i s t o r s  should lie checked. for c u r r e n t  
a m p l i f i c a t i o n  hm and c o l l e c t o r  s a t u r a t i o n  cur ren t  IC 0. 
model K.T-1 t e s t e r  o r  i t s  equ iva len t  i s  recomiended. 
a 1 - k ~  siw-a.1 f o r  measurement of hm. 
wit'nim t h e  ranges s p e c i f i e d  i n  Table 2 should b e  r e j e c t e d .  
vo l t ages  o f  t'ne var ious  t r a n s i s t o r s  should be observed t o  avoid damage from 
excessive d i s s i p a t i o n .  
i s t o r s ,  because the al lowable r eve r se  base-emitter voltage may be exceed- 
ed f o r  many t r a r i s i s t o r  -types. 

ZZle kisd-Atomic ,  
&iis insty?irmni; u-ses 

The opera t ing  
A l l  t r a n s i s t o r s  'chat do not fall 

Oh_rmneters should no t  be used. for checking t r a n s  - 

Table 2. Transistor C h a r a c t e r i s t i c s  

Current Amp1  i f  i c a  t i of1 

'CE IC $2 'CB 

Collector. S t t u r e t i o n  Cumrent, 

CBO 5' J: 11 

75 t o  200 v . 5  0 KO indj.cati.on 

2~2432 (rapx) "7.5 1 50 to 200 +7.5 0 Eo i n d i c a t i o n  

2N1277 (XP?) +'7.5 l 50 t o  200 +'7.5 0 -  I ,~O ind ica t ion  

awii (PNP) -7.5 5 20 to 60 -7 . 5 0 LESS than  1 pa 

0 Zess t'nan 1 pa 

0 k s s  than  I pa 

PIT2795 (PUP) -7.5 5 50 t o  100 -7.5 0 Less than  1 I-la 

er~219 (m;) +7.5 1 

"T 

'2P696 (IdPN) +'(. 5 5 20 to 60 t7.5 
2Y179 ( P W )  -4.5 5 75 t o  150 -4.5 

'Enlitter open, 

Con.nect t h e  f21 v and -23 v suppl-ies t o  Gkie  module. Both s u p p l i e s  
should be  of' similar cons%ruci;ion s.u.c:h t'nat tb.e turn-on transLents are 
approximately the same. Connect the module t o  tine power mains so tha t  
they can b e  turned  on w i t h  one power switch. 
Supply, model 800A-2, i s  very  convenierit for this  a p p l i c a t i o n .  A d j u s t  
the siipply vo l t age  ou tpu t s  t o  within t 10 r w  of t h e  25-ii value. 
d i g i t a l  vo l tmeter  should be used for t h i o  measurerrent. 

The Tkr-rison Pdln Voltage 

The 

Permit a t  l ea s t  a 15-min warm-up Yor the  module, power suppl-Les, 
and all t e s t  instrum_ent:; before making any adjustments  and measi.irements. 
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6.2.2 Pulse Shaping Network 
-1_ 

- .In -the t e s t s  o f  ampl i f i e r  ga in  and. l i n e a x i t y ,  a pu l se  sha.:)ing nc.'iwork 
shorni i n  Fig.  4 m v s t  be in te rposed  betweeii t h e  ORIVL model- Q-121.2 r e r c u r y  
pulser and thc  a m p l i f i e r  i npu t .  '9ki.s network shapes t h e  genera tor  Fulse  
t o  where it c1osel.y confoizus t o  t h e  pulse  t ha t  normally i s  trans;;.itted by 
t h e  y e a m p l i f i e r  and i t s  a s soc ia t ed  p u l s e  transfurrrier. 'he shaped pu l se  
w i l l -  be  doub1.e d i f f e r e n t i a t e d  as s h o w  i n  FLg- 2as With the t ransformer  
coi ineckd as shown, 2 negat ive  Fulse  i s  requi red  fror. t h e  pulser t o  give 
the  cori-ec'i ou'tp-u-t po la . r i ty .  '.&e network a'i;-tcnuates t he  genera tor  p1rl.se 
by almost a f a c t o r  o f  f i v e ,  and i f  one wishes 110 use t h e  p u l s e r  pu l se -  
height s e l e c t o r  d-ia.1 as a convenient r e p r e s e n t a t b n  of  pu lse  arnpl i t izk,  it 
m u s t  be  norcfialized t o  some integral number of  pu-lse he igh t  (1 v i s  very 
c o n v e n i m t )  at, t'iic output  end of  t h e  siia_oer. - -.- 

I<esistor Rl.. t e m i n a t e s  t h e  pulser ou tpu t .  Cl s p o i l s  t h e  pu l se  r ise 
time, and C% tin c o n j u n c t i o n  with F2 and the  r e f l e c t e d  secondary load r e -  
s i s t o y  of 100 ohms, acts as  t h e  f izs t  d i f f e r e n t i a t o r .  The second d i f -  
f e r e n t i a t i o n  i s  accomp1.isired. by the p r i m r y  indu-ctance o f  t h e  traiisforrller 
and i- ts  a s soc ia t ed  shun-t r e s i s t a n c e .  P2 SLCO se~ves t o  dampen a tendency 
o f  the prLmary t o  produce another  zero -c ross ing  fo l lowing  the second ha1.f 
of t h e  'd.oiible -dif:CerenLiat;cd. pu l se .  

O U T P U T  

Fig. 4. filsc-Sh.a.piiig Network for 1Ces-ii.ng Modirle Q-2611L. 
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6.3 Transistor Voltage (har t  

All. measurements i n  Taisle 3 were made w i t h  supply vol tages  ad jus t ed  
to 4-25.00 i 0+01 v and -25.00 L 0.01 v wi th  switch Sl in the "Off" posit i .on 
and wi th  bo th  l i n e a r  and log cu-tputs grounded. Voltages ahoim i n  Table 3 
were measured with a 5 - d i g i t  vo l tmeter .  
be used wi th  lesa accuracy. 

A T r i p l e t t ,  model 630 VOM can 

' j l ransiators  Q 3 ,  Q14, Q 5 ,  Q16, and Q7 can have two values depending 
on the s t a t e  of the flip-flop. 

Table 3. Transistor Voltage Chart 

"9.3 

4-9 * 3 
+?2,8 

4-8.2 

4-8.2 

'9.9 
f9 .9  
4-13.4 
4-8.8 
3-8.8 

f22.9 

3-1.3.4 

4-22.9 

+23.5 
4-12.0 

fll.. 4 $12.0 3-23 s 5 

+11. l -+11.8 t o  4-6.8 '23.6 
+1.6.2 
'23.6 

+lo. 0 +3_0.7 4-19.8 

+11" 5 f 1 2  .I 4-24.2 

+3 " 8/+8.5 +9.3/-+8 I -to. 8/+8 e 4- 
+8 8/+8 * 5 +8.5/+9.0 +8.7/+0. I+ 

0.0 +0.7/-0.3 -I.'-( . L/ -0 . 1 
-1.6 e lh/+o, 5 -17. l/ -0.1 3-24.4 

-16.4/+0 5 -17. l/ -0 I l -24.3 
-0.5 0.0 +25 .0 

-1.1 -0.5 f25 .o 
-7.9 
-4.9 

-10.4 
-7.2 

-0 14 

-3.7 
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6.4 Amplifier G a i n  and Overload 

Figure 5 shows the  equiprilent f o r  t e s t i n g  ampli-fier gain and overload. 

??lis w i l d  
The power ground of t h e  p o s i t i v e  supply i s  used (tile grovnd of t he  negat ive 
supply .iriay also be used )  as t h e  power groimd o f  the t e s t  se tup .  
be maintained throughout all t e s t s .  

6 .4 .1  Amplifier Gain 

"urn t h e  amplif i.er afhenuatorr switch t o  the X1 pos i t i on .  Temporarily 
connect ail osc i l loscope  t o  t h e  a n p l i f i e r  input  connector. 
normalize con t ro l  on 
the  oscri.l.loscope for a maximum s e t t i n g  o f  pu l se r  pulse-height  and with a1.3. 
at.Lenuator switches i n  t n e  "down" pos i t i on ,  i.e., no a t t enua t ion .  

Adjust t h e  
pu l se r  f o r  a 1-v output  pul-se as measxred w i t h  

Conn.net t h e  osc i l loscope  t o  l;he ampl i f ie r  output  connector w i - t l i  the  
"X10" probe. 
a 1 .0-v pulse  i s  observed; note  th2  set'Gings. 
tile input  pulse t o  t n e  aziplj.fier and c o r ~ q ~ ~ t c  .the ampl i f i e r  gain.  
be approxi-mately 90. 

Adjust t he  pu l se r  pill-se -height and a-Ltenuator swi-Lches untj.1- 
Cal.cula'ce t h e  anipl-itude of 

It should 
A d.eviati0-n of rt5$ i s  acceptab le .  

'PI1 I ! ,  LJ- 1 L1 

( 1 - 2 6 1 4  M O D U L E  

I 
D I R E C T  CONN 

I 
I 
I 

- J  
A M P .  O U T  T . P .  

E X T  T R I G 6  
I N P U T  

ER 

-. . ...- ....... 

Fig. 5. Equipment f o r  Test ing Amplifier Ga i .n  and Overload. 



33 

6.4.2 Amplifier Attenwator Ca l ib ra t ion  

IzTi.tii the  pulsei- noi'nmli.zed as i2oove, success ive ly  adjust t ? ~  ampl i f i e r  
attenuator switch from the "X1" p o s i t i o n  t o  the "X.01" posii;ion. k L  each 
pos i t i on ,  ad just the pulser pulse -height 2nd a t tenua%or  switches t o  k.eep 
the output  p i i b e  froin t h . e  m p 1 i f i e r a . t  1 v-. 
s e t t i n g  and ~ i e  ampl i f i e r  a%tenua-i;or s e t t i r i g  must cot TJRTY more t,han e$ 
a t  eLl p o s i t i o n s .  b n o t  use any s e t t i n g  of t h e  pulser  where -the p l s e -  
he igh t  reading is  less t'rian LOO divisl.one;. 

The product  of t11.e pu.l:3er 

6.1-1 I 3 Amplifier Overload. 
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To temporar i ly  remove -there r e s i s t o r s ,  remove tiic juniper t h a t  connects 
t h e  junc t ion  po in t  of W!+ atid R25 t o  W_j, 'Then remove tile jumper that con- 
n e c t s  the junct ioi i  po3.nt o f  E'7 and -8 t o  R29. 
t h e  200-ohm potent iometer  between a23 and E9 (CW t o  323, CCW t o  R29). The 
slider of Lhe poten t iometer  ?.s connected t o  the  p o s i t i v e  s i d e  of C10. These 
changes wi.1-1. r e s u l t  i n  -the network shown i n  Fig.  7. 

Thetl, tcrnporar i ly  connect 

With t h e  s l i d e r  of t h e  200-ohm potent iometer  so.;liewiiere near t h e  m i d -  
range, a d j i n s t  t h e  5-kil.ohm potent iometer  u n t i l  5.000 5 0.005 v i s  observed 
ac ross  t he  PHD poten t iometer  1326. 
I-ezding. 

Use t h e  d ig i . ta1  voltlne-ter €or this 

Check thc mechanical zeros of  the p u l s e r  pu lse-he ight  dial and ampli- 
fi.ei- FFID dial. 
'die d i z l  reading  should i n d i c a t e  less than 1ial.f of  a smzll d i v i s i o n .  A t  
t h e  fu1.3- CCW p o s i t i o n ,  t h e  output  of t3e p u l s e r  pul-se -height  go ten t iometer  
(AJt t e s t  p o i n t )  should b e  no more than  3 Inv. 
t h e  vol.tage from t h e  sl.j.der t o  t h e  CCW 'se,minal. of  tb-e amplifier E D  goLen- 
t-iomzter sh0ul.d be less  than  5 mv. 

blitb. both coiitr0l.s i n  t h e i r  counterclockwise (CCW) positlion, 

A t  t h e  fu!.!. CCW p o s i t i o n ,  

Set t h e  a m p l i f i e r  a t 'wnuator  t o  t h e  "XI" p o s i t i o n  and perform -bP.c f o l -  
lowing s t e p s :  

1. 

2. 

Set t k e  PHD potent iometer  of  t'ne a m p l i f i e r  2nd tbe pulsc-he ight  

Adjust the p u l s e r  norzmlize poLentiometer and a t t e n u a t o r  switches 
poteni';iome.tcr o f  tke  p l s e r  t o  500 d i v i s i o n s .  

unt i l -  t h e  h a l f  -triggcir.Fng p o i n t  (htp ) i s  o'oserved 011 ';lie mult imeter .  A 
reading of abou-t. 600 on t h e  noi-ma!.i.ze potentiome-ter wi th  t h e  X.2 and X10 
Lwitc i i  i n  tile ''up" posit i .on i s  t y p i c a l .  

amplif ier  PHD u n t i l  t h e  h t p  i s  indicabed.  If' t h e s e  two d.j-31 readings d.o 
no t  agree ,  note  t h e  d i f f e r e n c e  i n  readimgs and which s ide  of the  25O.C mark 
t h e  au ip l i f i e r  PIID potenti-ometer ijidicated -tile hLp. S r t  t h e  amp1.lfi.e-s ?€ID 
d i a l  t o  a po in t  on t h e  o t h e r  s i d e  of t h e  25C.O cark .  such t h a t  tile d i f f e r e n c e  
be tween  t he  new reading  arid 250.0 is one -ha,l-f The previous ly  no.Led erro-r.  
(~karnp1.e: 
t h e  htp might be  2140. 
dial. t o  255. ) 

Adjus-L t h e  200-ohm potent iometer  iuntj.1. the htp i s  aga in  ec-tzb-- 
1-ished. .At t h i s  p o i n t  it; w i l l  be necessary  t o  recheck t h e  vol tage  d.rop 
ac ross  the ampl i f i e r  PHD potent iometer  s i n c e  there i s  some i n t e r - r e z c t i o n .  
lf t h i s  i s  n o t  foixd to be 5 2 0.005 v ,  r c a d j u s t  'the 5-kii-ohri po ten t iometer  
u n t i l  it i s  r e -e s t ab l i shed .  Repeat a1-1. four s t e p s  u-nt:i.l Llie a m p l i f i e r  PHD 
reading  corresponds t o  t h e  pulser readtng zt hotii  the  jOO.0 and 250.0 d i a l  
inarks. 

3. Se t  the  p u l s c r  pu lse-he ight  potentLometer t o  250.0 snd a d j u s t  the 

Witn tiic p u l s e r  s e t  a t  250.0, z. t y p i c a l  a m p l i f i e r  PHI reaaing at 
X-LE eri-or. is 10 d i v i s i o n s .  Set t h e  a m p l i f i e r  PHD 

4. 

... 
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Turn o f f  the  module power supp l i e s  and carci”u.Lly remove khe 5-kilohrn 
and 200 -ohm TpotenLiorie%ers without  moving the  s l i d e r s .  Bridge -the 5 -kTlohm 
potent iometer  and select the  nearest j% composition carbon, l /p-w r e s i s t o r  
and put  i n  shunt  with R3l. Tnis r e s i s t o r  should not  be I.ess t han  three 
t imes  the value o f  RS1.  
t o  -tAe s l i d e r .  Se l ec t  t he  n e a r e s t  ?$, composition carbon, 1./24 yes is - tors ,  
which when placed i n  shunt  w i t h  H25 (100 ohms) and E 8  (125 ohms) w i l l  give 
t‘ne c o r r e c t  total r e s i s t a n c e .  Once again,  the shunt ing  carbon r e s i s t o r s  
should no t  be less t han  t h r e e  t imes t h e  value of  t‘ne wire-Iisoinnd r e s i s t o r s .  
Be c a r e f u l  no t  t o  overheat  the carbon shunt r e s i s t o r s  while  they are b e i n g  
insta1.led. 

Bridge e i t h e r  s i d e  of  the 2C)O-ohm potentLometer 

The l i n e a r i t y  d a t a  may now be t aken .  Set -tr-e a m p l i f i e r  PHD d i a l  t o  
t h e  var.i.ous se . t t ings (50.0, 100.0, 200.0, 2 Y > . O ,  300.0, 400.0, 500.0, 600.0, 
700.0, 800.0, ,Q00.0, and 1000.0) and a d j u s t  the pu l sc r  d i a l  a t  each s e t t i n g  
f o r  t h e  h-tp. Record the  p u l s e r  d i a l  val-ues and p l o t  t h e  d i f f e r e n c e  observed 
as a func t ion  of a m p l i f i e s  PHD seb’cicg. A ‘ t y p i c a l  curve i s  shown i n  Fig. 3 .  
Remove the 0.22-,U.f ceramic capac i to r  from C39 be fo re  cont fnua t ion  of t e s t -  
i n g  arid a d j u s t i n g .  

Fig.  8. Typic21 E l s e  Amplifier and Discri.mi.iiator Tntzgral Non- 
l i n e a l - i t y  Curve. 
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Equipment f o r  T e s t b g  Ca l ib ra t ion  of  Log 2nd Linezs Couiit- 

6.6 
Logarithmic and Lineas  Count -Rate &ter 

Adjustment and Measurement of  the 

F5.g-u-e 9 shows t h e  equipment for t e s t i n g  the  c a l i b r a t i o n  of  'the l o g  
arid l i n e a r  count - ra te  meter  s e c t i o n  of  t h e  Q-2614 module. E'or a l l  testilzg 
t h e  c r y s t x l - c o n t r o l l e d  pulse genera tor  (a,-2167 ) should be se t  on f a s t  r i s e  
Lime and 330 Vsec decay t i m e .  Use t h e  0.5-v a t t e n u a t e d  output  ~ 

Note the grounding i n  Fig.  3. It is i n p o r t a n t  tha,t t h e  corrmon ground 
f o r  a l l  dc supp l i e s  a s soc ia t ed  w i t j a  the  &-2605 opemVtiona.l  arnplif iers  and 
t h e  ground and s h i e l d  of t h e  d ig i t a l .  vo l tmeter  be t i e d  -Lo the co~ixilorl ground 
of  t h e  +25 v and -25 v supp l i e s  o f  t h e  Q-261):. module. The powev. ground of 
one of t h e s e  supp l i e s  (-25 v or "25 v) should. be made t'ne power ground f o r  
tile e n t i r e  system. 
ground 

All other components should be i s o l a t e d  frorn powes 

A small r e s i s t o r  (1 t o  j k t loh rm)  3.n s e r i e s  wi th  t b e  d i g i t a l  voltrneter 

Before any dat,?. 
may be needed t o  decourjle t he  "bot" voltrrLetczr l e a d  from t h e  c i r c u i t  to 
prevent t he  Q-2605 o p e r a t i o n a l  arripllfier from o s c i i l a t i n g .  
a r e  recorded o r  any adjustments are made, t h e  outp1A.t of  t h e  4-2605 amplifier 
shou-ld he checked to see t h a t  o s c i l l a t i o n  does not  e x i s t .  

P r i o r  t o  any t e s t i n g ,  t h e  12-2605 ampl.ifi.er must be  checked f o r  iialallce, 
'This i s  done by connectiiig a 50-pa meter w i t h  a c e n t e r - s c a l e  zero as shovn in 
Fig. 9. 
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6.6.1 Log Count-Rate Meter 

The adjustment of t h e  1.0g count - ra te  meter i s  as fo l lows .  Reziove m i 6  
from i t s  t e rmina l  posts and temporari1.y connect a 100-1:il.ohm potent iometer  
(ad jus ted  to max-i-mum value ) ac ross  XLL~. 

Set  t'ne pulker t o  10 cou.nts/sec. Adjust t'ne arnpl i f ler  ga in  and PHD 
un t i l -  t h e  module i s  provid ing  pii lses f o r  IAie pump c i i - cu i t s .  This can be 
dete,mined by observ ing  t h e  pump -d r ive r  ou tput  connector (TPlt ) . Slimre - 
wave pulses shou1.d be observed w i t h  an amplitude o f  l ' 1 . 1  v ir 0 .  j v. 
improperly compensated oscj.l-l-oscope probe w i l l  cause t h e  waveform to appear  
t o  have a drooping o r  r i s i n g  shape. The dj-gi-tal vol tmeter  a t  the output  
of the Q-'2605 a m p l i f i e r  should be i n d i c a t i n g  close t o  -2 v .  
output Lo read -2.000 ? 0.005 v wLt'n t h e  " c a l i b r a t e "  poten t iometer  %IL12. 
A t  tlie 10-count/sec rate, t h e  response of t he  pu.mps i s  slow. 
' cha t  t h e  lO-cou.nt/sec reading  has s t a b i l i z e d  be fo re  making any adjust- 
ments. 7 3 ~ 0  t o  three minutes should be  adequate.  

An 

Adjust .tile 

bKne s i r e  

4 Set t l ie pii lser to 10  counts l sec .  Adjust t l ie 100-kiiohm carbon 
potent iometer  un t i - l  tlhe o u t p u t  is 8.000 +_ 0.005 v. A t  this r a t e  t h e  
response of the  pu-rnps is much faster, and not AS much t ime i s  needed 
f o r  s t a b i l i z a t i o n ;  30 see i s  adequate.  

Reset t h e  pu-lser t o  1.0 counts/sec and Eepeat t h e  e n t i r e  procedure un'i.il 
t h e  instrument t r2ck.s  a t  bo th  t h e  10 and 10 ' count/sec points. 

Xemove t h e  100-kilohm potent iometer  and b r idge  it. Replace it with 
the  n e a r e s t  is$, 1/2-v, carbon r e s i s t o r .  
n o t  be  less t han  t h r e e  t i m e s  -ihe value of Nl5. Trils.t-l?. t h e  r e s i s t o r ,  
taking c a r e  no t  .to overhea-t Tt. bkke t h e  fol-lowing c a l i b r a t i o n  a t  t h e  
f requencies  ind.j-cated i n  Table 1c. 

Tne value of this r e s i s t o r  should 

The permiss ib le  e r r o r  e t  each p o i n t  i s  
rt3 $. 

A t  f requencies  l ess  tinan LO counts /sec,  t h e  f l .uctuat ion o f  t h e  output  
vel-tage will.. make it d i f f i c u l t  to o b t a i n  2 good reading .  It ma.y be  neceo- 
sary t o  inc rease  the s i z e  of the c a p a c i t o r  i n  sinunt with t h e  250-kilohm w i r e -  
wound feedback r e s i s t o r  of t h e  Q-2hOj a m p l i f i e r  t o  50 mf -to smooth- t h e  
s i g n a l .  A good-qual i ty  txe ta l l ized  paper  capacitor can be used. If there 
i s  s t i l l  apprec iab le  fluctuation, an average of t he  high and low readings 
will be acceptable. 

6.6.2 Li i iear  Count-Rate Meter 

'1"nere m e  no adjustments a s soc ia t ed  w i t h  t h e  1 inear count-:rate meter. 
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Table 4. Lug Count Rate Meter Calibrat ior l  C'nart 

2 
m*lsC?2- Output True O u t p u t  Oeviatiorl f1-o Fzror 

Frequency, T Voltage Vo Ita ge T r u e  Gutput' (In $ of reading) 

(counts/sec ) (v) (v=2 log,,z') 2.u (VI 

(1)- (2  1 ( 3 )  (4 1 (5) 
lo? -10.000 

9.393 
4 5 x 10 

8.796 2.5 x 10 

1.25 x 12.' 8.1914 
8. OCO 

4 

4 
10 

3 5 x 1.0 
3 d.5 IC 10 

1.25 x 10 3 

103 

500 

2 50 

12 5 
100 

50 

25 

12.5 

10 

5 
2.3 

1.25 

0.77 

7.398 
6.796 
6.194 
6.000 

5.390 
4.796 
IC. 194 
4.000 
3.398 
2.796 

2.194 
2 .000 

1.398 
0.796 
0.1.94 

+O.PigO 

dev ia t ion  ( c o l ~ m n  J+ ) 
Error = x 100. tnle O L t - p U t  voltage (csl~lrrn 3) 

2 
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4 
With t h e  p u l s e r  set, 3t 10 counts/sec,  t h e  output  from t'ne opera t iona l  

Wi.th 0 coimts/sec t h e  output should be amplifier should be 1.75 f 0,1 v. 
110 mv. 

A c a l i b r a t i o n  should be made at the f requencies  ind ica ted  i n  Table 5.  
The t r u e  output  vol'cage i s  ca l cu la t ed  Prom a s t r a igb - t  l i n e  drawn from zero 
througli t h e  lo4 count/sec reading. 
o f  i-23 counts /sec  a b  each po in t .  

The permissible  error i s  -tile equivalen-t 

'Wble j . Linear Count -Hate Meter Cdl ibra t ion  C'nart 

d Pulser  Out_,ut T m c  Output Deviation from Error  
FreqL ericy, i Voltage V 0 1 t a g F  T r u e  Output' ($ o f  reading) 

__-- (. ) ... I- 
(counts: se c ) (. ) 
----.I____ ~. - 

(1 1 (. ( 3 )  (4 1 ( ?  1 

103 

C 

? 
1.2j x 10" 

3 r.5 x li: 
3 

,j x 10 
4 

10 

1..5 x 10 

' ,,' . 10 

4 
4 

1 
Column 2 minus column 3. 

Figure 9 descr ibes  'me t e s t  equiprent  f o r  c a l t b r z t i o n  of  t h e  10 and 11 - 
10 count/sec o s c i l l a t o r s .  The crystal pu l se r  i s  not  needed. I t  i s  
assumed t'riat t h e  p r o c e d i r e  Ior adjustrneni and measurement o f  the log eoiint 
r a t e  iiieter has been followed a s  ou t1  ined i n .  Sect.  0.0.  

/ /  

Set the  a.t?.plifri.er a t t e n u a t o r  switch t o  tl:e 10 count/sec pos i t i on .  
'lke amber "Cali'oi%,te" !.amp w i l l  t u r n  on. The output  volta.ge o f  t h e  opera- 
t i o n a l  el:.iplifier connected t o  the l o g  pumps should ind ica t e  2 v rf 1.3 mv. 
All0Tv.j a t  l eas t  3 m i n  f o r  s k a b i l i z a t i o n .  Kotete t l ie ampl i f i e r  PED p o t e n t i -  
ometer from 50 t o  1000 d iv i s ions .  The outpui; voI.tage should. remain con- 
s t a n t  . 
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Set the amplif ier  izttenuator sni tch t o  t h e  "10 kc" posi t ion.  
The output voltage of  the  opera- 

Rotate the amplifier PHD 

The 
3rnber "Calibrate" lamp will remain on. 
t i o n a l  amplifier should indicate  8 +- 10 mv. 
potentiometer from 50 t o  1000 divis ions.  
constant . Tne output voltage should remain 
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