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i. DESCRZPTIOE 

1.1 General 

The 0.1 ha De Servo Arn2lifie-r (OmL model Q-2615) i s  a dc power ax--  
p l i f i z r  which can supply R maxiriiuni of  (5 w pover a t  vo l tage  and cu r ren t  
l i m i i s  of  25 v and 5 amp r e s p e c t i v e l y .  

1 . 2  Construe-tion 

%ne G.1- h-p DC Servo Amplri.fi.err i s  cons t ruc ted  i n  a -:nodule 4.22 in. wide, 
4.'72 !-ne hig:n, and 1i.g i n .  deep. It is a s tandard  "3 u n i t "  plug-in modu1.e 
of .ihc Modiilzr Reactor Ilnstmmentation s e r i e s  de-clic-ted on drzdings Q-2600-1 
thr.ough Q-26OC-5.  

The foul .  ou tput  t : r ans i s to r s  a r e  mounted on sepa ra t e  heat s i n k s ;  t'nese 
are supported by fou r  rods tha t  t i e  t o g e t h e r  'ihe f r o n t  and back p l a t e s  o f  
h e  modil1.e. The f o u r  in te rmedia te  t r a n s i s t o r s  of t h e  a m p l i f i e r  a r e  mounted 
on smal le r  sepei-ati: h e n t  s i n k s ;  t h e s e  are c l u s t e r e d  on a rnetal p l a t e  that  
i; sugpor-bed ky t n e  four t i e  rods.  

L 

The input  t r a n s i s t o r  and most o f  t h e  o t h e r  corrrplients of  t h e  amp] - i f i e r  
%Ice nio;in+,ed on a p r i n t e d  ci_.rcuit board. near  the f r o n t  p m c l  of t h e  modu.le. 

The seTicc l imitring r e s i s t o r s  f o r  the output  i r a n s i s t o r s  are mounted 
on t h e  rear p l a t e .  A l l  decoij.pl.ing r e s i s t o r s  and capaci-Lors a re  nIGUn'Led on 
a metal ?].ate w t l c h  5.:; supported by -bile fou r  t i c  r o d s  and located. nea r  the 
real-  of the  module. n 3 . s  meta l  p l a t e  a l s o  shiei~6is t n c  ar;;nl.lifier from t h e  
hea t  i i t s s ipa ted  j.n t h e  1imil;ing r z s i s to i - s .  

1.3 Applicet ion 

%-e C.1 hp DS Servo Amplifier w a s  designed t o  d r i v e  s Giobe k d u s t r ~ e s : ,  
k c . ,  ty-pe UD r?c m o t o ~  wi th  a 27-v ammturz .  It 7.3 capable o f  d r i v i n g  thf-s  
.:notor Lnder all condj-tions f r o n  no 1o.d t o  bJ.ock,-d r o t o r .  In one a p p l i c a -  
t i o n  t h e  c o t o r  i s  used as the servo motor t o  posjtion a f i s s i o n  chamber i n  
a wid;-; -range coun t lng - ra t s  cl-lamilel.. 

- !  

L . L Specif i ca t ionn  

Spec i f i ca t ions  for t h e  0.3. hp DC s e r v o  kmpli.Ei.er are: 
1. Voltage gain:  3 v/v 2 1.0% nonj-nverting, 
2 .  Yaaximurc l i n e a r  ou t2ut  2 3  -v a t  r10 l o a d ;  9 5  v witii 12- 

(supply vol tage  _t 32 v ) :  olhm r e s i s t i v e  load;  and A15 v 
With 3-obm resis t? ' .ve  lozd .  
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3. 

4. 
5. 
6. 

7. 

8. 

9. 

1-0. 

1.1 

Nonlineasj-ty (with 12 -ohm 
res i s  t i v e  load : 

Naximurn power output :  
Chitput imp e dam e : 
Input impedance : 

- 
Input dc o f f s e t  ( i npu t  

voI.tage f o r  zero 

'Transient response : 
ou-tput ) : 

Zero d r i f - t  witn -temperature : 

Power supply requirements : 
Voltage : 
Current d r a i n :  

Auibient temperature  range : 

less than  0.1 v d e v i a t i o n  from 
s t ra i g h t  1. i n e  drawn be tween 
maxtmuin p o s i t i v e  and negat ive  
ou tpu t s  e 

75 w .  
30 milliohms. 
4-io0 ohms f o r  s i g n a l s  n o t  ex- 

negat ive  0.8 v. 
ceeding f.0 v.  

r i se  t i m e  (10 t o  90%) less 'tlian 
2 msec f o r  i npu t  s t e p .  

l e s s  t han  9 ~ V / ~ C  froiii 0 t o  50°C 
wi th  output  decreas ing  wi th  
tcmperat-ure r i s e .  

p o s i i i v e  and negat ive  32 v f I+ v. 
5 amp maximum. 
0 t o  55OC. 

2. TPZORY OF OPEiUTION 

2.1. General 

'The 0 .1  hp DC Servo Ampl.ifier i s  a de coupled a m p l i f i e r  wi tn  feedback 
around -Lwo vol tage  gain s t a g e s  aind two cascaded e m i t t e r  fo l lowers  I %he 
emi t t e r - fo l lower  s t a g e s  are complimFntary NT?\T and PNP p a i r s  t o  permit  t he  
o u t ~ u t  t o  swlng negat ive  a.nd p o s i t i v e  witin respec- t  t o  ground. The las t  
emi t t e r - fo l lower  s t a g e  i s  a pa ra l l e l .  combination o f  two l ; rans is tors  -to i n -  
c r ease  i t s  power l iandling c a p a b i l i t i e s .  

2.2 C i r c u i t  Descr ip t ion  

Reference i s  made t o  t h e  c i r c u i t  diagram shown i n  Fig. 1. The inpu t  
signal i s  app l i ed  $0 t h e  base  of &I, a PNP s i l i c o n  t r a n s i s t o r .  A 1- 
kilohm r e s i s t o r  IC2 i n  ser ies  wi th  t h e  base  l i m i t s  the  maxiuiwn load tha t  
i s  placed on t h e  i npu t  siw-al i n  t h e  event  of  any f a i lu re  i n  t h e  Servo 
a m - p l i f  i e r .  Diode 'D2 l i m i t s  the base  - to  -emitter vol tage  on Q when l a r g e  
nega t ive  inpu t  s i g n a l s  are app l i ed  under blocked r o t o r  cond i t ions .  

Negative feedback i s  app l i ed  t o  the e m i t t e r  of Q,l '~hroug@ the r e s i s t i v e  
network R2 and B8. The feedback. r a t i o  i s  R3/(R3 -t- R8$,  which gives  a. 
closed-loop vo l t age  ga in  of approximately 3. 

The c i r c u i t  shown produ.ces a d.c o f f s e t  between inpu t  and ou'ipu-t. With 
no inpu t ,  tine vol tages  w i l l  he shown (-12.4 v on the  output  and 0 v on t h e  
i n p u t ) .  For t h e  output  t o  be at a zero po,Lential ,  .the base  of  t h e  input  
t r a n s i s t o r  must ,  be ai; a negat ive  0.8 v t o  keep Ql i n  a conduct ing s t a t e .  
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Voltage gain i n  t'ne loop i s  obtained. from &1 and Q2. Q3 i s  a currel i t  
source which func t ions  as a high-impedance c o l l e c t o r  load  f o r  Q2 whi le  
s t i l l  provid ing  adequate c u r r e n t  -to d r i v e  t h e  emi t t e r - fo l lower  s t ages  under 
a l l  design condi t ions .  Wiien t h e  servo a m p l i f i e r  i s  d r i v i n g  p o s i t i v e  with 
r e s p e c t  t o  ground, p a r t  of t h e  c o l l e c t o r  c u r r e n t  o f  Q3 i s  d i v e r t e d  i n t o  
the base  of Q5. Wlneri t h e  servo a m p l i f i e r  i s  d r i v i n g  neg.2tive w i t l i  r e spec t  
t o  ground, all of t h e  Q3 col leci-or  c u r r e n t  flows t'nrough @, and Q2 must 
be capable  of  l iandling t ' n i s  c u r r e n t  p l u s  -the r equ i r ed  &rive cur ren t  i n t o  
-the base of Q4. 

T r a n s i s t o r  Q4 and t r a n s i s t o r s  Q6 and Q8 i n  p a r a l l e l  f u n c t i o n  as an 
emit ter-fol1one:r  cha in ;  t'ney ope ra t e  when -the servo a m p l i f i e r  i s  d r i v i n g  
nega t ive  w i t h  r e spec t  t o  groimd. T r a n s i s t o r  &5 and t r a n s i s t o r s  Q7 and Q3 
i n  p a r a l l e l  ol)erate  when t h e  servo a m p l i f i e r  i s  d r i v i n g  p o s i t i v e  w i t h  
r e s p e c t  t o  ground. The t r a n s i s t o r  no t  opera.t ing i s  he ld  i n  a hnck-'oiased 
state by t h e  base  - to  - emi t t e r  vo l tage  of i t s  corriplernent . 

Diode Dl in t h e  e m i t t e r  of  Q2 pemriits Q2 t o  be turned  o f f  "hard" when 
t'ne a m p l i f i e r  i s  d e l i v e r i n g  i t s  f u l l  p o s i t i v e  output .  Any small c o l l e c t o r  
c u r r e n t  could c r e a t e  a l a r g e  d i s s i p a t i o n  i n  Q2, s i n c e  Q2 w i l l  have i n  excess 
of 60 v from c o l l e c t o r  t o  e m i t t e r .  

Capaci tor  Cl, coiinected. from t'ne base  t o  the c o l l e c t o r  of  Q,2> alo.ng 
wi th  t h e  c o l l e c t o r  impedenee o f  Q,1 shapes t h e  open-loop response t o  improve 
the  high-frequency s t a b i l j - t y .  Tke t o t a l  capac i tance  a-t -the c o l l e c t o r  of 
&1 i s  increased  i n  nagnitu.d.t? by the Miller e f f e c t .  Ikis r e su - l t s  i n  a sm3ll- 
e r  va lue  o f  capac i tance  f o r  -the sa.me shaping of the open-loop response.  
' h i s  i n t e r n a l  t ime const,ant, coupled with -the compensating e r f e c t  o f  (2 
across 38, s ta 'o i l izes  t h e  a m p l i f i e r  over  i t s  c n t i r e  range of ope ra t ion  wi th  
as much as 0.22 pf capac i tance  i n  s h u n t  wi t ' n  t h e  ou tpu t .  

The behavior  of t h e  a m p l i f i e s  w i t h  t h e  s t e p  inpu t  s i g n a l  i s  d i f f e r e n t  
with posli t ive arid nega t ive  inpii t  signal-s . With a negat ive  ifiput s t e p ,  Q,l 
axid Q2 are in i ied ia te ly  dr iven  i:nto a h igher  conducting s-Late, sild t h e  o u t -  
p u t  r ise  time i s  exponent ia l  i n  c h a r a c t e r  and i s  con t ro l l ed  pr imayi ly  by  
t h e  va1u.e of  C2. 
tu rned  o f f  i n  th . e  absence o f  a r e t u r n  s i g n a l  f ra rn  t h e  feedback network. 
Tnus, tile c u r r e n t  from 613 fl.ows i n t o  CI., genera t ing  a ramp imtil  there  i s  
su f f i . c i en t  signal. frorn t h e  feedback network t o  r e t u r n  Ql t o  a conduc-Ling 
s t a t e  aiid thereby  r e s t o r e  t h e  closed 1.00~. Trte ou tput  waveform under 
t h e s e  condi t ions  w i l l  have a x-ainp type  lkad ing  edge. 

Wit'n a p o s i t i v e  s tep,  Ql and W are bo th  inmediately 

Res i s to r s  and 1x2 rin t h e  e m i t t e r  o f  Q6 and Q8 tend t o  balance the  
c i n r e n t  con t r ibu t ion  of each t r a n s i s t o r ,  even w i t h  large d i f f e rences  i n  
t ra , r ts is tor  parai-rieters such as c u r r e n t  gain and t ransconductance.  Hes i s to r s  
XI0 and E l 3  are u.sed f o r  t h e  sa-ne purpose w i t i z  t r a n s i s - t o r s  Q7 and Q9. 

Xes i s to r  Tc3.1., which i s  a series corribj-nation of t'nree 1-ohm r e s i s t o r s ,  
p r o t e c t s  t r a n s i s t o r s  06 and Q8 u-nder severe  load condi t ions .  
bI.ocked r o t o r  condi t ion ,  t h e  Globe, type BD motor will .  behave as a 3-ohm 
load  , and the maximurn di.ssipa-Lion that i s  p o s s i b l e  j.n e i t h e r  p a r a l l e l  

With a 
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Lrans i s to r  i s  about P7 w .  'This i s  assuming supply vol tages  o f  -36 v. 
These p o t e n t i a l s  are p o s s i b l e  when t h e  b a t t e r i e s  t h a t  no~m.1l .y  power - th i s  
-rrodule are ful.1-y cnarged. 
t r a n s i s t o r s  Q7 and 49. 

Res i s to r  N 4  provides  sj.mi?.ar p r o t e c t i o n  f o r  

'I"ne c o l l e c t o r s  of Ql+ and Q5 a r e  cocmected t o  r e s i s t o r s  rill znd El4 
r e s p e c t i v e l y .  This prevents  damge t o  Lhesr t r a n s i s t o r s  under overload 
conditTons. 

3. OPE9ATLNG INSTRUCTIONS 

3.1 I n s t a l l a t i o n  

The 0.1  hp Servo I h p l i f i e r ,  ORNL model Q-261.5, is a .module i n .  the ORNL 
Xodular Eeactor hL;mrnentat ion s e r i e s .  It nas s tandard connectors and 
dimensions and nas a p in -  and hole-code on t h e  rear y l a t e  so t h a t  t h e  module 
will not  be i n s e r t e d  i n  a wrong loca-Lion j.n E drawer.  llhe module i s  in- 
s- ta l ied by  p l ac ing  it i n  i t s  proper  locati.on, i n s e r t i n g  t h e  nodule Y i m l y ,  
and t i g h t e n i n g  t h e  thumb screw. The module may be plugged i n  o r  unp1.ugged 
w i t h .  power oti wi thout  damge.  

3.2 Operating Con tmls  

'!here are no ope ra t ing  coiiti-0l.s on thLs module. 

3 .3  Connections 

A l l  conneciions a r e  rcicde tkxough t l i t  r e a r  connector vheii m e  module 
i z  i n s e r t e d .  

4. bIAIhT%NAC\JCE INSTRUCTIONS 

4.1 Genzral 

A l l  transistor tei-riiinals and most o f  the c i r c u i t  components a re  avail- 
a b l e  a t  t h e  Lop o f  the  module and 6x-e access ib l e  when t h e  drawer conta in ing  
L ~ C  motlule i s  pu l l ed  out. L 

Shou1.d a f z i l u r e  occ~ur, any part l i s t e d  i n  th %placeable  E r t s  L i s t ,  
%:t. 5 ,  may be rep laced .  

No pe r iod ic  makiet iance ;.s reoil ired . 
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4.3 Ca l ib ra t ion  Procedure 

No c a l i b r a t i o n  procedured a re  necessayy. 

4 .4  Trouble Shooting 

If t h e  module should f a i l  and the cause i s  no% apparent  by v i s u e l  i n -  
spec t ion ,  check tlne modu1.e supply vo l t ages .  l b t h  p o s i t i v e  and negat ive  
32 I- axe requi red .  These supp1.y vol tages ,  der ived  from b a - t k r i e s ,  can 
range Yrom 36 t o  28 v, depending on tine s ta te  of t h e i r  charge.  A n y  s l - ight  
d . i sco lor ing  of avld Rl3 i s  nomnl ,  s i n c e  -these a r e  hi@i-pol.ier r e s i s t o r s  
and can ope ra t e  a t  high d i s s i p a t i o n  leve1.s for extended per iods  of t ime. 

- 
If the supply voI.tages are c o r r e c t ,  d i sconnec t  t h e  input  and output  

l eads  and measure t h e  vol tages  on the various t r a n s i s t o r s  and components. 
Any inst rument  w i t ' n  20,000 ohms/v impedance can be used. 
th:i.s .module a r e  given on ORNL drawing Q-2615-1 and. i n  Table 2 .  No-be t h a t  
t h e s e  vol tages  apply  t o  b a t t e r y  potentials of p o s i t i v e  and negat ive  32 v .  

The vol tages  for 

5. mPLACML;E PARTS LIST 

A d e s c r i p t i o n  and an ORNL S tores  number for replaceab1.c parts are 
given i n  Table 1. A complete p a r t s  l i s t  i s  given on OFN, drawing Q-2615-6. 

55le 1. Repldcea'ole 1ciry't.c L i s t  

c2 c6 -802 -040 5 

R9, F.10, 
312, 1413 

F.3 06 -993 -62 ?c 

Carpari-tor, O.OOIl '7  mf', lOC0 v dew, 
cerami-c, disc, Spragu.e TJo. 2 9 ~ 2 6 2 .  

l i cs i s tor ,  3.5 O'rl[rlS, ?3$? 10 w, WW) D ; i L l ~ C  

Elec t ron ic s ,  t y p e  12.3-10. 
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06 -995 -gS20 Diode, s i l i c o n ,  l?T457A, El.ectrica.1 Indus - 
t,rial. Assoc. 

T rans i s to r ,  s i1  icon,  Tip:.!, ‘@>e 2’I;cLL%, 
S i l i c o n  Transistor Corp. 

Trans i s  t.oi., germanium, PKP, ~ y p e  2~15b8,  
Motorola. 

6. ACCEPTANCE TEST P,SOCEDURE 

6.1 Tcst  Equipment 

The following t e s t  eqii.i.Fment is requi red .  
1. A mult imeter ,  Triple-t-t  model^ 630. 
2. A vacuum ‘,ube, dc vol tmeter ,  w i t h  lul.1.-scale ranges of  0 .1 ,  0.3, 

1.0, 1.0, 30, and 1.00 v. irclc accuracy should be -I-].’$ o f  f u l l  s c a l e  on all 
ranges.  The inpu-t impedance should be i n  excess o f  1-0 megohms oil a l l  
ranges .  A Hewle-Lt-hckai-d model b25A OIC a Dynemics model 1362 i s  recorc- 
mended. 

3. An osc i l l o scope ,  Tektronix 5&1 ssith ty-pe L o r  type CA plug- in .  
Type L i s  p re fe r r ed  became  of ?.ts greater s e n s t t i v i t y .  

4 .  A ’cransist,or tester., Tektronix type 575 Tra.nsj.stor-Curve Tracer  
wi th  type  175 High-Gurent  Adapter. 
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5. Two unregulated.  power supp l i e s ,  4-32 v, -32 v, 10 amp. 
6. A dc .u-oltagi? sou-rce a d j u s t a b l e  from 0 t o  S O  v wi th  3-ess than  10 

ohms impedance ,atid l e s s  than  5 mv rms r i p p l e .  A HewLett-Paek%rd model 
72lA power supply Ls reco.mnerided. 

'7. Two :.rire-wound power r e s i s t o r s ,  3 and 12 ohms, ?lo$, 100 w .  
8. A capac i to r ,  0.22 m f ,  .110$, 50 v. 

6.2 General. Yest Procedures 

P r i o r  t o  an.y tes-Ling, al.l tra.ns5.stors should be  check-ed for cur ren t  
ampl i f i ca t ion  and col1ectm.r sa'cu.sation c u r r e n t  1 ~ ~ 0 .  Bemuse of  t'ne 
h igh  c x r r e n t  requi.reriierits of a l l  the t r a n s i s t o r s ,  w i t h  ti?e except ion of  one , 
t h e  Tektronix. type 5'-(j Traiisisto:r-Curve Tracer  w i t h  tlie Type 175 High- 
Cllrren'c Adapter i s  reyui:red. A l l  t rar is i ;s tors  that  do n o t  f a l l  w i th in  the  
ranges spec i f i ed  i n  Table 2 should be r e j e c t e d .  

I3xtre-m caut ion  should be employed i n  checkl.ng t'nese t r a n s i s t o r s  w i t i z  
t'ne above equipment. Apply j u s t  enougn c o l l e c t o r - t o  -emi.l;ter vel-tage to 
o b t a i n  t h e  d a t a  requi-red. Care less  use of t h e  t r a n s i s t o r  teste:t- rm.y resul-1; 
i n  perrmnent damge -to costly t r a n s i s t o r s .  

a 

b 
dri t h  emit ter  open. 

Miilinum. 

Connect the +32 v and -32 v siippliea t o  1;l.i:. module. Connee-tor p ins  
9, 10, and 1.5 arc  the -{-32 v, -32 v, and ground t e m i i m l s  r e spec t ive ly .  If 
the supp l i e s  are of tne adJusta'o1-e type, preadJus t  them t o  t h e  32-v value 
to wi th in  0.25 v befo:re c o n n e c t i n g  t h e m  t o  %lie module. 

Permit a-t l e a s t  a 1.5-min wamiiq) f o r  t h e  module, power supp l i e s ,  and. 
test i n  st niment s before rmk in g a n y  mezsu.rement s . 



6 .3  Transistor Val-tage Chart 

A l l  t r a n s i s  t o r  vo l tage  measurements shou1.d be made w i t ? ?  t h e  si.qq1.y 

All voltages shown i n  Table 3 were m a s u r e d  wihb.  tne  
vol-Lages ad jus ted  to 32 2 0.25  v and with  t k e  3-npu.t to tile arriplj-fie-. (pii ls  
2 and 3)  shorLed. 
VTVM. A T r i p l e t t  model 630 m u l t i c e t e r  can be used wi th  l e s s  accuracy. 

6 .  )+. 1 Lineari- ty  _ _ _ _ . ~  
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3.  The WVM should be used f o r  all. measurements. Plot t h e  da t a  r e -  

Tne l i n e  
corded, and i3ra~~~ a b e s t  s t r a i g h t  l i n e  'tkrougn the  d a t e  z o i n t s .  No p o i n t  
be 'ween  Q 5  v silo-dd be more than 0.1- v (ou tpu t )  from t h e  l i n e .  
w i l l  no t  .pass through the o r i g i n .  

6 .4 .2  Transient  Zesponse 

Adjust  t he  i-nr;ut vo l tage  -Lo asproxima,tely +2.0 v. ConnecL rn o s c i l l o -  
scope across  t!x 12-ohm l oad  resistor. Operate t h e  pushbuttori switc-n i n  
ser i . es  witii sn djus-Lable  dc vol tage  source at a raLe 07 ahout I o r  2 cps .  

r T  Lne r i s e  tirnes (i~o$ t o  90%) of t he  l;-ulscs observeti on tl~ic osc i l l o scope  
shoula bz between 0.  5 ar-d 2 msec witti :iegligj.bble overshoot. It may be neces - 
s a r y  t o  exte_.c-nally t r i g g e r  t h e  scope Cron the pulses appl ied  t o  in9,ut o f  Yhe 
ainplifiet-  t o  ob-Lain a @od, cJ-e.1- trace. 

The cha rac t e r  of  'lie ou tnut  t i ans i enJ i  i s  d i f f e ren - i  f o r  posit i-ve and neg- 
ative input  steps: wi-th nega t ive  input  s t e p s ,  t h e  t r r n s i c n t  has an exponent ia l  
f r o n t  edge; wi th  posj.t,ive inpu t  s t eps ,  tiie t r a n s i e n 5  has a rzmp4ype f r o n t  
edgF: 

6.5 Renis t ive  b a 6 t n g  Ef fec t  

The 12-ohm loaci r e s i s t o r  was replaced wi th  a 3-ohm (1.0C w) r e s i s t o r .  
'The equiGment for mzkiiig t n i s  t e s t  i.s shown i n  Figure 2. 

1. MonLto-r <;he currenT t o  t h e  ~ - o ? K  load wi-Lli the T r i p i e t t  rnodel 630 
-::.ultimeter and t h e  vol tage  ac ross  the loaa  w i  t'r_ t h e  WVM. 3tarki i ig  from 
zero ,  incYe3.se t h e  inpirt voj-tage sloTvjly untj.1- 5 anis i.s ind ica t ed  b y  t h e  
T r i G l e t t  meter. %.e vol"iege ac ross  t k e  l.oad ZCL t o r  should be approxi- 

t e l y  15 v. I n s p c t  t h e  rrodule f o r  excessive hea t ing  o r  abno~mal dit- 
co lo r ing  of  componeri-t; , Tt?ree of the wirewound recistoi-:; mounted on the  
back-plate of t h e  inociule i.jill become very h o t  (eac'n resistor w i l l .  b e  
dissLpating about 25 w a h  -i;!iis poin-L). 
signal- t o  10 v. There sh-ould he little change ?-n output voltagc or 
cu-rrent . Re-;;lrti the  inpu~t vol tage  t o  zero. 

2 .  Fevers? til-e LnpGt voltage aDd the T r i p l e t t  mcter p o l a r i t y .  
Slowly increase  t h e  input  vo l tage  u n t i l  5 Lc; 2,gaiil indicated by 
T r i p L e t t  meter. I"ce volLage :%cross t h e  lo res i i2o i -  should be ?,bout 
15 v.  Inspect tic module f o r  excessive hea t ing  03: a b n o x a l  discoloring 
of componects. 'i'hree of  t n e  wire-i.iound resistor (not t h e  Saxe t h r e e  as 
checkEd zbove ) mounter? on Lilt: b x k  - p l a t e  o f  t h e  rnorlulle w i l l  become very  
hot (each rea- j_stor  w i l l  'ce di 

3. Con-tiiiue t o  inc rease  t,he i r i? -d t  s i  . There should b e  
j- j .J~tle chsngc in output vel-tage o r  c u r r e n t .  in.;?.ut voltage t o  

Con-tinuz t o  incrczse  tb.e input  

i p a t i c g  about 2 j  w a t  t h i s  p o i n t .  

z e r o  . 



6.6 Capacitance Tnadine: Fl'i'ec-t 

'Die load r e s i s t o r  is rep laced  by a 0.22-mf capac i to r .  Tm equipment 
f o r  making this tesk Ls sino~ii i n  F ig ,  2* Tne Tripl-et t  meter i s  no t  used. 

Connect an  osc i l l o scope  wi th  at, l e a s t  a o . o ~ - Y / c ~  s e n s i t i v i t y  ac ross  
t'ne output  of the amp]-ifier. Vary t 'ne input  vo l tage  slowly from 0 to +10 v. 
Observe i f  any o s c i l l a t i o n s  a r e  present;  t'nere shoii.ld be  none. Vzry t h e  
inpu t  vo l tage  s1.0~3-y from 0 t o  -10 v o l t s .  &ain observe i f  azy o s c i l -  
l a t i o n s  a re  p r e s e n t ;  there should be none. 
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