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1. DESCRIPTION 

1.1 General 

The Log Current and Period Amplifier accepts a pos i t i ve  input CUP- 

rent, from a gama-compensated ion iza t ion  chamber a.nd. produces a vol tage 
output t h a t  i s  proport ional  t o  t h e  1ogari.thrn of t he  inpiit cur ren t .  I n  
addi t ion,  t he  logarithmic s i g n a l  i s  differenkia,ted and amplified,  producing 
another oikput t h a t  i s  propor t iona l  t o  t h e  r ec ip roca l  of t h e  r eac to r  per iod .  
The use fu l  input; current  range i s  1.0-12 Lo 3 x l o m 6  amp. The zero 'GO +10 v 
output i s  expressed i n  percent  power over 6.5 decades from lo-" t o  30%. 
The lowest decade of cur ren t  s e n s i t i v i t y  i s  not  norrflally displayed; however, 
t he  per iod information i n  t h i s  range i s  use fu l  even though t h e  outpuk l e v e l  
ind.i.cation i s  not  on scale.  The period oikput s igi ia l  i s  a c t u a l l y  t h e  
rec iproca l  of r eac to r  period, but t he  Fanel meter i s  ca l ibra ted  t o  ind ica te  
period d i r e c t l y  on a r ec ip roca l  s ca l e  from -30 sec  th.voi%h inf ini ty-  t o  +5 
see .  The per iod output vol tage s i g n a l  i s  accurate  t o  a posj-tive perjod. of 
about 0.6 see beforc sa tu ra t ion  i s  reached, making it useful tor sa fe ty  or  
cont ro l  ac'iion i n  t h i s  ramge.  

1 . 2  Construction 

The Log Current and Period Amplifier i s  constructed i n  a s ingle  
module 5.66 i n .  wide, 4.72 i.n. high, and 1.1.90 i n .  deep. It i s  a standard 
"four-unit" plug-in module of the Modular Reactor Instrumentation Ser ies  
depicted on drawings Q-2600-1. throug?i Q-2600-6. 

The c i r c u i t  i s  constructed on t w o  p r in t ed  c i r c u i t  boards. One 
board containjhg a sensi'ii.ve, I.ow-level. c i r c u i t  i s  enclosed i n  a rnet,a.l. 
sh i e ld  with a removable cover. The other board i s  ucrslii.el.ded. The fyont 
panel. con-tains two meters t h a t  d i sp l ay  percent; 'power and r eac to r  period, 
a cal ibrate-oyerate  switch, and ca l ib ra t ion  adjustment screws. 

1.3 Application 

The Log Cucrrent a i d  Period Amplifier, soi-neti.rnes ca l led  "Log N" f o r  
neutron l e v e l ,  i s  normally used bo monitor reac.tor power from intermediate 
l e v e l s  thi-ough fiil1. power. Output s igna ls  propor t iona l  t o  reactoi- power 
a a d  period may be used f o r  safe'iy and con-trol func t ions .  T'ne amplifj-er i s  
usual.ly used i.n con j-u.net, ion with a iieut r on- s ens it ive , garma - compensa,t;ed 
ion iza t ion  chamber, but it may a l s o  be used w i t h  other de tec tors  of su i t ab le  
current  range. 
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1.4 Specif icat ions 

1 .4 .1  Period 

1. Output voltage range: 0 t o  -10 v for periods of approx. 
-30 sec t o  +0.6 see.  

2 .  Cal ibrat ion 

- 6.70 . o v = -30 set; -0.22 v = a; 
-‘out - o*22 + per iod(sec7  -1.56 v = 5 sec ;  

-6.92 v = 1 see. 

3 -  Meter sca le :  -30 through a t o  + 5 sec.  

4. Zero d r i f t :  Less than 20 mv/month. 

1.4.2 Log Current 

1. Output voltage 

= 1 . 5 4 3 ( 1 0 g , ~ I ~ ~ +  11): 1.543 v/decade; 0 v = lo-” amp; 
10 v = 3 x amp. 

vout 

2 .  Scale: 10-4 to 30%. 

3. Zero d r i f t :  less  than 50 mv/month a f t e r  warmup. 

4. Input leakage current :  l e s s  than amp a t  2 5 O C .  

1.4.3 General 

1. Power required: 415 v dc with regulat ion of ? O . l % .  

2 .  Ambient temFerature range: 0 t o  55°C. 

1.5 Applicable Drawings 

The following l i s t  gives the  drawing numbers (OFNL Instrumentation 
and Controls Division drawing numbers) and s u b t i t l e s  for t he  Log Current 
and Period Amplifier : 

1. Q-2636-1 C i rcu i t .  

2 .  Q-2636-2 Details. 

3. Q-2636-3 Metalphoto Panel. 

)+. Q-2636-4 Printed Ci rcu i t  Boards. 
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5. Q-2636-5 A s  sembly . 
6. Q-2636-6 P a r t s  L i s t .  

The following l i s t  gives the  drawfng numbers and s u b t i t l e s  f o r  -the 
Pl.ug-:Tn Chassis System: 

1. Q-2600-1 Assembly. 

2 .  Q-2600-2 Deta i l s  . 
3. Q-2600-3 Detaj-ls. 

4. Q-2600-4 Deta i l s .  

5 .  Q-2600-5 Deta i l s .  

6. Q-2600-6 D e t a i l s .  

2.3- General 

The Log Current a i d  Period. Ai-ciplFfier cons is t s  of three bas ic  
stages. The h p u t  stage has very high input impedance and low leakage 
so t h a t  e s s e n t i a l l y  a l l  of t he  input current flows 3.n the feedback element 
which i s  a t’nermionjc diode. The diode, a specially se lec ted  type, i s  
operated with reduced heater power so  t h a t  cathode current i s  emission 
1-imited. When the  diode i s  operated i.n thLs fashion, t he  anode-to-cathode 
voltage drop i s  propor t iona l  t o  the logarit’rrrn of anode current,  which i.s 
the  same as t h e  input sigiial cu r ren t .  The input stage i s  an operational 
configuration with 10% feedback through the  thermrionri.c diode so  t h a t  t he  
stage outpiit voltage is equal i n  magnitude and opposite i n  p o l a r i t y  t o  the 
diode voltage drop. The dj.ode logarithirflic c h a r a c t e r i s t i c  p ~ ~ 3 i ~ . c e s  about 
170 mv/decade over the curren.t; range of lom1” t o  5 x lom6 amp. 

The output of’ t he  f i r s t  stage i s  fed t o  a second s tage  which uses a 
conventional opera t iona l  amplifier t o  f u r t h e r  amp1i.Q a n d  s h i f t  the l e v e l  
of t he  signal. t o  produce an output of C t o  10.0 v f o r  the current range of 

The exact output r e l a t i o n  
i s  grea te r  by V = 1.~43(10g~~1~~~+ 11.). 

to 3 x loq5 amp9 or  about 1.54 vldecnde. 

out 

The t h i r d  stage j.s al-so an operati-onal m p l i f i e r  which i s  connected 
as a d i f f e ren tTa t s r  to take the  de r iva t ive  of t h e  logarithimic s i g n a l  and 
produce a signal. p ropor t iona l  t o  the  inverse of r eac to r  period. 
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2.2 Ci rcu i t  Description 

The complete circuft, diagram of the  module i s  shown i n  Fig.  1. The 
i . n p t  stage consis-Ls of logarithmic diode V1, t r a n s i s t o r s  Q1 and Q2> a n d  an 
operational. a.mpl-j.fier OA-1. 
-Lo prevent damage bo $1 d.ir.ring extr*erne t r a n s i e n t s .  I n  the  "Operate" posi-  
t:i.on of the Cal.ih?ate-Qpez.ate switch S1, the  inpuL current from an ion iza t ion  
chambey flows 1;hrough VI, t o  the  ou-bput, of amplif ier  OA-1, developing a 
vol-Lage acyoss Vl which i.s proportional t o  the  logari t 'm of t h e  input cur- 
rer0.t. VoMage at the  mode of' V1 with i-espect t o  ground i s  am-plified by 
Ql. which i s  a dua l ,  insul.ated-gate, f ie l -d-effect  tr-ansi.stor coLmected as  a 
d i . f f e r e n t i s l  axriplri.f.le:r. This type of t r a n s i s t o r  has a typ ica l  ga.te leakage 
eurreni; of l e s s  than lo-'" amp so  t h a t ,  even with signal. c i ryents  as  low a,s 

a cOl?s-ba.nt sou~ee cuYYcnt t o  Q1 f o r  high gain and s t ak le  operation. The  
oi~-'~pu.t of Q1 appears as a d i f f e r e n t i a l  voltage between i t s  drains  and i s  
further ariip?l.ified by a di. f ' ferential  operat ional  ampl5.f'i-er- OA-1. ?"ne output 
of O A - l  is connected t o  the  cathode of V1, completing the  loop.  The over- 
all. loop gain of QI. and OA-1. i s  about 3000. Since a l l  of the  output i s  
fed  back through VI.> t he  liigli loop-gain w i l l  cause the  output voltage t o  
ad jus t  ikseli" unti.l. t he  inpir'i (a.aode voltage of Vl) is nearly zero and Lhe 
0ixLpu.i; voltage i s  consequently zqud. i n  magnitude t o  the  voltage drop 
acyoss V1. 

' l ' ransistors Q3 and Q4 form a pro tec t ion  c i r c u i t  

amps the emor  due Lo I.eske.ge i s  negl igj .ble .  Transis tor  Q2 supplies 

The 1.m impedance output, of 0-4.-7- d.rri.ves the  second s tage OA-2, 
whLch provides vol..ts.ge gain and level.. changing t o  produce the  desired out- 
put of 0 bo . t - IO.O v f o r  input currents  from the  chamber of t o  3 x 
lov5 amp. 
froin -Lube t o  tube and a l s o  change slowly with age. To ad jus t  for these 
changes a spin confirol  323 and ai of f - se t  cont ro l  R27 a re  provided on the  
f ron t  pancl.  
with bile f ront-panel  switch S1. The input s igna l  lead i s  grounded. when a 
ca l ib ra t ion  pos l t ion  i s  selected. 

T'e charaeter i  s t i c s  or" t he  logarithmic diode V1 vary somewhat 

Cal ibrat ion ciwrents of lo-'" axd ann] can be selected 

There a re  two signj.fica.nt time-constants t h a t  cont ro l  t he  t r ans i en t  
response of the  1-ogarithmic amplifier . Capacitor. C l  across the  dynamic 
impedance of VI. supplies an Integrat ing,  or  smoothing, tirnc-constan-t which 
-varfes with current l e v e l  I A t  low currents ,  where the  s t a t i s t i c a l  
fl.iictuations of t he  s igna l  current  a r e  high, t he  t i m e  constant i s  long and 
the  smoothing i s  very- e f f ec t ive .  As t he  s igna l  current  increases,  the  
f luc tua t iuns  d r e a s e ;  'UuL t h e  dynamic imped.,mce of V1 decreases a t  a 
fas.tei- r a t e ,  thereby reducing fAe smoothing effect iveness  which r e s i l t s  
i n  a ne-t i nc reme  i n  f luc tua t ions  at the  output of OA-1. To offse-1; t h i s  
e f f ec t ,  a second smoothing network consis t ing of C 7  and R25 i s  included 
a t  OA-2. This fixed, f i r s t - o r d e r  lag has a s ign i f i can t  e f f e c t  only a t  high 
signal curren ts .  'The t rms ien i ;  response t o  short  periods i s  a f f eckd .  by 
both time constants C l - V 1  and .  C7-X25. The values selected are compromises 
between ad..equate snioothing and s a t i s f a c t o r y  speed of response t o  short 
pcl.iod.s. 

If t h e  s igna l  c w r e n t  s'rrould reverse or i f  small c i rcui t - leakage 
currevits are o ~ p x : i t e  t o  t h e  n o m a 1  s igna l  current ,  V1 may become 
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reverse  bis,sed and nonconducting. 'This e f f e c t i v e l y  opens t he  feed-back 
loop ,and allows C l  t o  cliarge up t o  t,he sa.tu.ration voltage of OA-I-, t h u s  
p a r a l y z h g  the c i r c u i t .  To prevent this a, s m a l l .  pos i t i ve  bias current  
(5 x 10-12amp) is i n se r t ed  thmu-gh 1950. 

'Wie output of  OA-2, which i s  a voltage proport ional  t o  the loga- 
rithm 01: t h e  input  ewren t ,  i s  d i f f e r e n t i a t e d  by OA-3 and i t s  zssociated 
network. ~ 3 7  
l i m i t s  th.e m a x i m u m  gain of t h e  c i r c u i t ,  aad C 5  provid.es smoothing to 
prevent uruiecessary response t o  n.oise. Diode Dl limits t he  response t o  
shor t  negative periods,  and D2 and D3 prevent overdriving the amplif ier  
with short pos i t i ve  periods t o  allow fast recovery.  Two t e s t  s igna ls  
equivalent t o  1 see arid 5 see per iods can be in j ec t ed  with pusliliuttons 
S2 o r  $3 when t he  "Period" pos i t i on  i s  se lec ted  on t h e  front-panel  c a l f -  
bratj-on swri-tch SI. These t e s t s  are intend.ed for checking %lie response of 
e x t e m a l  c i r cu i t s  driven by the  period s igna l .  

Ce.pacitor ~4 a i d  r e s i s t o r  p.4-3 form the  p r inc ipa l  network. 

The Lcg Current xf. Period. ArnFliffer i s  corrimonly used. with i on i -  
za,ti.on chambers t h a t  requi re  polar iz ing  voltages ot 300 v or  niurc. During 
reac tor  exc'1rsLons t h a t  g r e a t l y  exceed the  normal f izll  scale of t he  i n s t r u -  
ment, the  trarisierit input ~ o l t a g e  may exceed the rattrig f o r  Ql and destroy 
it. S5.inflar damsge could occur if t h e  instrument were plugged i n  when a 
charge e x i s t s  on t h e  chamber cables .  
such damage by I.l.miting the maximwn voltage a t  the  input  gate of &1 t o  
about v. The t ransis tors  are connected i n  a reverse-biased., inver ted,  
complementary configuration so that  their leakage curren ts  will be sl-na1.l. a d .  
near ly  eqml .  'Tnis r e s i l t s  i n  very small ne t  le3kage from the  emi t te rs  oT 
~3 and- ~4 t o  ttie gate of Q1-t.y-picaUy less tlian 10 amp. ~ j e n  the  input 
voltage begins t o  rise, one or the  other  of the t r a n s i s t o r s  wi.1.1- become 
forward biased and l i m i t  tlie vol-tage t o  the P-N junct ion voltage of 
~wp-proxj.m;~i;e>~ 0.7 v .  Current, i s  limited by s e r i e s  resistor R5. 

Trans is tors  Q3 and Q4 guard against 

- -1 2 

3 OPEXATING. INSTRIJCTIONS 

3.1 Inst,zllal;i.on 

The Log Curren-1; and Period Amplifier i s  a module i n  the  OHtL 
Modahr  Reactor Instrumentation Se r i e s .  Like t h e  other  rnod.id-es of t he  
series, i- t  has s t m d a r d  connectors and dimensions and has a p in-  and 
hcl.e-coclr on the r e a r  p l a t e  so  t h a t  the module will not be i h se r t ed  i n  a 
wrocg l o c a t i o n  i.n a clra.wer. Tne module i s  i n s t a l l e d  by placing it in i t s  
proper loca t ion ,  i n s e r t i n g  the  module f i rmly,  md t ighten ing  +;he .t;siumb 
screw. 'The module may be plugged in with polcier on without damage provided 
the  f r o n t  p a x d  switch 31 i s  not i n  the "Operate" position. 
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3.2 Operatiiig Contro1.s 

3.2.1 Percent Power Pane1 Meter 

The front-panel  power meter M l  i s  ca l ibra ted  i n  percent power rrom 
to 3 O q O .  'i3.i.s corresponds t o  an input  current  of 10"" t o  3 x 

and an output voltage a t  p i n  7 and t e s t  po in t  3 of O t o  +lO.G v, o r  
I.. 543 v/decade logari thmic.  

3 .;? .2 Period Pa.nel Meter -...__ -I-- 

The period palel- meter W i s  ca.l.ri.brated t o  ind ica te  reac tor  period 
from -30 t o  -dl sec.  
po in t  4 of O .to -1.52 v. 
The voltage output has a. g r ea t e r  range -hac the  p a l e l  meter and wi.l-1 respond 
accuz.ate1.y t o  per5.ods of about 0.6 see before sa tu ra t ion  i s  reached. 
equation f o r  t l i? per iod output voltage ca l ib ra t ion  curve i s  

This corresponds t o  a voltage output a t  p i n  4 and t e s t  
I n f i n i t e  period i s  e l ec t r i ca . l l y  o f f s e t  t o  -0.22 v .  

The 

3.2.3 Cal ibrat ion Controls 

Calibrat ion ca.n he accoroplished with t h e  b u i l t - i n  t e s t  signals and 
froti'c-p:mel. control-s provided. Cal ibra t lon  switch 51. bas four pos i t ions  . 
.L.n t h e  "Operate" posit i-on the  i~nput s i g n a l  i s  connected to t h e  amplifier 
forc normal operat ion.  Wi-th S1 i n  the lll.O-l'A" pos i t ion ,  t h e  input s i g n a l  
i s  grounded and. a steady current  of lO-"amp i s  appl._ied t o  the  input .  
powe;;. meter M l  should indricate lo-"$. With S1 i n  t he  "lO-'"A" pos i t ion ,  a 
current  oT 1.0-' amp i s  appl ied t o  the  input and t h e  power meter M1 should 
ind ica te  10%. 
"Offset" respect ively,  are ad. ju-sted t o  accomplish these  conditlons . With 
S1 i n  the "Period" pos i t ion ,  a s teady c w r e n t  of lo-" amp i s  a l s o  applied 
and a per iod t e s t  circi2j.t i s  enabl-ed. 'The period t e s t s  a r e  actuated by 
pushbu-ttons 52 and S3 1-ocated on t h e  top  of t h e  module. These t e s t s  i n j e c t  
t h e  equivalent of 1- and 5-scc periods respec t ive ly .  The calibra-Lion of t he  
per iod c i rc i i i t s  i s  fixed, and these  tes ts  aye intended t o  t e s t  t r i p  c i r -  
cuiks ackuated by t h e  per iod output signal r a the r  than t h e  per iod c3.rcuit 
itse.l.f . 

- 

The 

Cal ibrat ion adjustments R23 and R2'7, labeled ' rSpmll  a,nd 

3.2 .I! Zero Adjustments 
--___1- 

There are f i v e  .t2'hming, or zero, adjustments: R 1 2 ,  R l g ,  R30, R34, 
and R44. 
adjustment only i f  the t ramsis tors  or operat ional  amplif iers  a r e  replaced. 

'These are located on the prinked c i r c u i t  boards and require 
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3.2.5 Test Points  

Five t e s t  po in ts  a r e  located so  as t o  be accessible  from the  top 
OS t he  module. These a re  normally used only f o r  maintenance checks o r  
r eca l ib ra t ion  a f t e r  component replacement. The poin ts  a r e  : 

TP1 hea ter  current  o f  V1 1 v = 100 ma, 

TP2 l o g  diode voltage see F ig .  1. 

T P ~  l o g  current output see F ig .  1. 

w4 period output 
6. = 0.22 + 

-vout period( see)  ' 

TP5 HQ ground.. 

3.3 Connections 

All connections a re  made through the  r e a r  connector P30 when the 
module i s  in se r t ed .  

3.4 Operating Procedures 

Except for occasional r eca l ib ra t ion  t o  cor rec t  for  d r i f t  of the log  
diode cha rac t e r i s t i c s ,  no spec ia l  operating procedures are required.  The 
instrument may be switched t o  the  operate pos i t ion  and l e f t  there  f o r  all. 
norma,l reac tor  operat ions.  

3.4.1 Ioniza t ion  Chamber 

The Log Current m d .  Period Amplifier i s  normally used with a gamma- 
compensated ion iza t ion  chamber t o  supply i t s  input sigiial  currefit.  The 
.type of chamber, required. pola-izi.ng voltages,  and method of compensation 
adjustment w i l l  vary widely with i n s t a l l a t i o n .  It i s  important f o r  satis- 
fac-Lory performance of t he  log  current  amplif ier  t h a t  .the chamber not be 
overcompensated. where t h e  p o l a r i t y  of' t h e  signal. current might reverse 

3 -4.2 Current Cal ibrat ion 

After  power i s  aTplied t o  the  c i r c u i t ,  approximately 9 hour i s  re -  
quired f o r  thhe logarithmic diode t o  reach temperatzve equi'librimn. 
ca l ib ra t ion  p r o c e t l i ~ e  i s  as follows : 

The 

I-. Turn  t he  c a l i b r a t e  switch :jl t o  the "lO-"A" posi%ion arid adjust  
t he  "Offset" con t ro l  32'7 until t h e  percent power meter f/lL1 ind ica tes  
10% or u n t i l  t he  vol-!!sge a t  TPZ is 7.72 v. 



12 

2. 

3. 

4. 

5. 

Tur-n SI t o  the  'rlO-l'Rr' pos i t ion  and w a i t  15 see 01- more u n t i l  ihe 
period meter M.2 has returned t o  exac t ly  lra.lf If M1 indica tes  more 
than lom4$ corresponds t o  0 v a t  TP3), adjus t  the  "Span" 
cont ro l  R23 counterclockwise one or two tu rns  or uriti.1 M 2  ind ica tes  
I . O - ~ % .  
clockwise. 
point  will now be s h i f t e d .  

If M 2  i n l i c a t e s  l e s s  than lom4%, ad jus t  t he  lrSpmfr control 
The two coni ro ls  i n t e r a c t ,  and the ' r lO-EA"  cal ibrat i -on 

Turn S1 t o  t he  1110-'6A" positLon and repeat s t e p  1. 

Repeat s t ep  2, ma.king a siiialler adjustment of t he  "Span" cont ro l .  

It might be necessary t o  repeat  s teps  1 through 4 severa l  times 
t o  achieve prec ise  c i l i h r a t i o n .  A f t e r  am i n i t i a l  ca l ib ra t ion  it 
w i l l  usiis11y be found t h a t  subsequent d r i f t  can be corrected by 
adjustment of the  "Offset" control- a lone.  

3.4.3 Period Cal ibrat ion 

The procedure f o r  period ca l ib ra t ion  j.s as follows: 

1. Switch the  c a l i b r a t e  switch SI  t o  the  "Period" pos i t i on .  On the top 
of the  module, press  the  "5 see" push'ozitton S3. Period meter fvP 
should ind ica te  5 sec, and the  voltage a t  TP4 should be -1.56 v. 

2 .  Kel-esse S3 and press  the  "1. sec" pushbutton S2. M2 should no\j 
ind ica te  o f f  scale ,  and the  voltage a t  TP': should be -6.92 v .  

These t e s t s  are intended pr imari ly  to  t e s t  c i r c u i t s  external. t o  
t he  module such as  t r i p  comparators. No adjustments a r e  necessary.  

3.4.4 Zero Adjustments 

Five trimming cont ro ls  are provided on the c i r c u i t  boal-ds f o r  
i n i t i a l  a.mpl-ificr adjustments. These cont ro ls  should require  adjustment 
only a f t e r  component replacement. The adjustment procedure i s  described 
i n  ~ecd,. 4, Maintenance Ins tr i ictions . 

3.5 Precautions 

Then the ca l ib ra t ion  switch S1 ris turned. t o  "Cal ibrate"  pos i t ions ,  
short  periods w i l l  be indicated by the  panel meter M2 and by the  voltage 
output.  There are no i n t e r n a l  provisions for i nh ib i t i ng  these short  period 
s igna ls  d w i n g  ca l ib ra t ion ,  and calibraLion should not be attempted during 
reac tor  operati-on unless these s igna ls  can be t o l e r a t e d .  

A contact; i s  provj-ded through pins  8 and 9 of  the  year connector 
to annunciate when S I  i s  i n  any pos i t ion  other  than "Operate." 



I + .  MA1T;ITETANCE INSTRUCTIONS 

4.1 General 

This module i s  designed to operate continuously - , l r i t h  a minimum of 
Zero adjustments snd voltage test; po in ts  a r e  rriaint;enance and adjustment. 

accessible  from Yne top  when the  module i s  inser ted  i n  i t s  drawer. Should 
a f a i l u r e  occur, miy part  l i s t e d  i n  the  p a r t s  l i s t ,  OEDL drawing Q-2636-6, 
may be replaced. 

4.2 Periodic  Maintenance 

Except fox- ca l ib ra t ion  a,s described i n  Sect .  3 .b, Operating Proced-iires, 
no regular  main tenace  i s  required.  

Several  adjustments a r e  provided to permit compensation Tor noma1 
manufactwing va r i a t ions  i n  components. These adjustments need be made 
only a t  i n i t i a l  acceptance o r  when components a re  replacetl. 

4.3.1 I n s t m e n t s  Required 

The following instruments a re  required: 

1. Prmer suppl ies  f o r  normal opemtion:  -+15 v 
xpproximately 200 ma. 

A multirange dc voltmeter w i t h  0.1% or  b e t t e r  accuracy, 50 mv 3~1-1 
sca le  t o  50 v full scale. 

A current  source adjustable from lo-'' t o  3 x 10"' amp wfth an accuracy 
of f2% above lQ'lOamp and 25% below lO-''amp. Since the  input terminal  
voltage of t h e  amplif ier  i s  always near zero, a voltage source ad-just- 
able from 1 t o  10 v and su i t ab le  series mul t ip l i e r  r e s i s t o r s  may be 
used. 

20.1% regulated at, 

2 .  

3. 

4.3.2 Alignment Procedure 

Tbe alignment procedure i s  as Sollms: 

I-" Energize the  am-plifier i n  a l oca t ion  such tha t  a l l  adjustments a r e  
access ib le .  Ensure t h a t  t h e  power supply voltages are 215 v k 15 rnv. 
'Turn the  ca l ib ra t ion  switch S1 to t h e  ''10=+"A" pos i t i on  and l e t  t h e  
iiistrument warm up for a t  l e a s t  15 min for the c i r c u i t  t o  reach 
temperature equilibrium e 
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2. 

3. 

4. 

6. 

Remove the  ins ide  sh i e ld  cover, and with c l i p  I-eads, connect p in  1 
and  p i n  7 of Q1 t o  HQ gl-ound. Adju.st trimmer K19, t h e  OA-L balancc, 
uxnt?l.. the voltage from TP-2, "Log Di0d.e Voltage," t o  IIQ ground i s  0 v 
I- 5 mv. Remove the  c l i p  leads .  

Wtth a. c l i p  Lead, shor-i; c i r c u i t  capaci tor  Cl. Adjust trimmer RI-2 
(labeled. 
c l i p  leads and repl.a,ce Lhe ins ide  shie3.d cover. 

) 1 m t L . l  the  voltage ai; TP2 i s  0 v -I- 5 mv. Remove the  

Wiih a c l i p  lza,d, s h o r t  c i r c u i t  the  junct ion of R23 and R24 t o  11Q 
ground. 
and the  1Tipi.r of H27 t o  HQ ground. Adjust t r i -mmPr  R3, t he  OA-2 
ba la ice ,  unit1 the voltage fl-om TP3, "Log I Outpui," t o  HQ gY'ound i s  
0 v _C 5 mv. Keiiiove t he  c l i p  lzads . 

With another c l i p  lead,  short cj-rcuit t he  junctio.o. of R26 

With a c1.i.p lead, shoi-t c i r c u i t  W3, "Log I W ~ p u t , "  'GO IQ ground. 
With another c l i p  lead ,  short circu.i.t, the junction of ~ 3 6  a n d  8314- 
to HQ gx'ound.. With a t h i r d  c l i p  lead,  short  cj.rc1iri.t the junct ion 
of H38 arid S2, S3 t o  HQ gromd.. Adjust t r i m e r  R44 ,  t he  OA-3 
ba lmce ,  
i s  0 v t 5 mv. Removc t h e  c l i p  1ead.s e 

Switch SI. to t he  "1O'"'A" pos i t i on  and. ad just trimmer R 3 4  until "Perfi.od 
Output" a t  TP4 i s  -0.223 rl 0.01.0 v.  
ind ica t e s  ' ' 03  ." 

imtil. the  voltagz from TP4, "Period. Output," t o  HQ ground 

Cheek tha'c the  p m e l  meter 

Conii:?ct t l k  vel-tmeter from TPI, "Ileater Current," to HQ ground.. The 
vol.t,aze sliou1.d be between 1.12 a.nd 1.18 v .  If necessary, subs'cituk 
other  values f o r  R22 until. t he  vel-tage f a l l s  within t h i s  range. 

W a i t  abou-'i 0.5 hour a f t e r  the  I.ast adjustment of V 1  hea te r  current ,  
and then cadl ibrate  as described in Sect .  3.4.2, "Current Ca,l-i.brati.on." 

Connect t he  current  soiirce to the  input ,  and measm'e ' h e  output a t  
?'?3 Yor 5.npu.t currents  from lo-'' t o  3 x 10-"amp and compare them 
w5.'Lh the -values l i s t e d  in Table 1. The measured values shou2.d agree 
wi.th the tabulated values within -'-5%. 

'Fable 1. Test Point Va,l-ues for Input Currents 
From 3.0"11 to 3 x lo-" Amp 

Input C u r r  en t  Voltage a i  TP3 Meter Reading Ty-pical Vol'cagc at TF2 
- ) v> (%I  ___ (4 

3 0-11 0 L .I1 

10-'' 1.5)l 0.94 

1.0= 3 -07 0 -77 

10-" 4.63 10-1 0 e59 



10-7 6 .x7 1. 0.43 

lo4  7 *72 10 0.215 

10-~ 9.26 1.00 0.076 

10. Disconnect .the current  source and measixe the voltage a t  V3.  The 
voltage shou7.d be betlieen -0.5 &nd -2 .O v. Allo:.r several minutes 
f o r  t h e  voltage t o  reach steady s t a t e .  

1L. If the measurements of steps 9 and 10 are  not within speeifi .eation, 
it may be necessary tc) increase o r  decrease V1 hea te r  cwven t  by- 5 
o r  10%. 
repeat  the  aligmnent procedure beginning at  step 6. 

If the  specificatLon stlll camlot be m e t ,  replace VI. and 

The t r m s i s t o r s  i n  the rnod.iiLe a re  plugged into sockets and itre 
easily replaced. However, g rea t  care  should be exercised when Ql i s  r e -  
placed, s ince  th.e bcdy charge o:E a person 'na;zd.ltl?g t he  transisbor may be 
s u f f i c i e n t  t o  drm.2ge it. This can ' re avoided by gromidiag the  body t o  
the  module while handling QJ-. Special care should. be used vhen working 
near the log  diotle VI. and  &1 .bo avoid smearing rosiri,  fingerprints, OZ' 
other  contaminants on these high-impedhnce, ].ow-Leakage c i r c u i t s .  Soldey- 
-i.lzg should be done carefully -Lo avoi.d damage t o  the  pr in ted  c i rcu i t  boards 
and components. 

5. PARTS LIST 

%ne acceptance test prrocedwe i s  as f0l.lo:m: 
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cont ro ls  have insvlCYicicnt adjustment range, it may be necessary t o  
replace Vl. 

3. A P t e r  s a t i s f a c t o r y  completion of alignment and. c a l i b r a t i o n  procedures, 
check for propel. operat ion of t he  overeurrcni; pro'iection c i r c u i t  by 
appI.ying +3OO v de t o  t h e  inyui; terminal f o r  a few seconds. Whil-e t he  
vol tage is appli.ed, t h e  l o g  current  meter shoifld peg upscale and rernarin 
u n t i l  the vol.l;a,ge 5-s removed. Immediately a-f-ber removal. of t h e  voltage, 
recheck ca l ib ra t ion .  The ca l ib ra t ion  may be s h i f t e d  slightly because 
of -Lhe shock t o  t h e  l o g  diode, but  should 'oe w j t ' n i n  22% of a decade. 
A f t e r  about 5 r r i i n  again recheck the  ca l ib ra t ion .  The c i r c u i t  should 
now have recovered. t o  wi th in  +5% of a decad.2 of  t h e  o r i g i n a l  cal ibrat i -on.  
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