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i A. Mokcs ony w u r r ~ n f y  of representation, exprcesed or implied, with rcrpsct to the occurasy, 

I romp!etene%s, nt u s s f u l w s s  of the ;nforrnotion contained in th is  i e p o r r ,  01 t h a t  the use of 

any inlormation, apowi i tus ,  wethsd,  or prt:ces5 d isc losed in thin ireport m i y  n c f  infringe 

p i i v a t e i y  owned Fight&; or 

haaurnes a n y  l i a b i l i t i e s  wiih respect t o  the ,use ut, 07 f o r  darnriges resulting f rom tire use of 

airy idormutton: oypurotus, method, or process disclonod in this repoi t .  

T h i s  report was prcpotcd o s  on i lccouoi of Government sponso:ed w o r k .  h‘rilher t h e  United %iter, 

nor the Cornmissisn, nor ony  person act ing on behulf of  t h e  Commission: 

13. 

A s  used i n  the =hove, “person actirig on bchnlf of t h e  Cornmission” includes otty employee or 

sottttoctor of the Ccriminsion, ot e.rrp!oyez o f  such  contractor, to the extent thot such e:nployer 

or c o n t r x  tur nf thr Commissirm, or employee nf such contractor p r e p o r e s ,  disseminates,  or 

provides O C C B P L :  $0 .  acy in iormotmn p w s m o t  to h i s  erriployment or contract with the Commission, 
or 11:s e r n p l o y m n t  \“ltll suc:l, contrcctor. 

I 
. ~ . . .  . . . . . . . . . . . . . . . . . . . . . . . . ... 
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1. DESCRIPTION 

1.1 General. 

The +10 Vo1.t and -10 Volt Voltage 11eg;lnlator rnodiile i s  f o r  us? i n  
providing regula ted  vol.tag:es f o r  nucleay r e a c t o r  instxumentation. ' h e  
input  t o  t h e  -1.10 v r egu la to r  c i r c u i t  i s  a de voltage i n  t he  range o f  
f28 t o  f36 v. 
of -23 t o  -36 v. 

The input  t o  t'ne -10 I- r egu la to r  c i r c u i t  i s  i n  t h e  range 
The regu la to r  outputs  have a common e l e c t r i c a l  grou-nd. 

1 . 2  Construct ion 

The f1-C Volt and .-lo Volt Voltage Regul.ators a r e  constructed i n  a 
sing1.e modul.e 5.63 i n .  wide, h.72 i n .  h.igh, and 11.90 i n .  deep. It i s  
a s tandard "4 u n i t "  plug-in module of  t h e  ORNL Modular Reactor h s t ru -  
mentation s e r i e s  depicted on ORNL drawings Q-2600-1 ehroiugh Q-2600-5. 

&ch r egu la to r  c i r c u i t  i s  cor is tmcted on a p r in t ed  ci.rc1xi.t board 
mount?d wi'ihin 'tile modul..e and i s  unshielded I 

3.. a 3 Appl..i-cati.on 

'he f10 Volt and -1.0 Volt Voltage Regulators a r e  used t o  provide 
sources of wel-l-regu3.ated. voI.tage t o  any instrument r equ i r ing  e i t h e r  
f10 v de or -10 v de wi th in  t h e  cu r ren t  r a t i n g  of  t h e  r egu la to r s .  
i.nput t o   he r egu la to r s  i s  normally a bank of 32-TJ b a t t e r i e s  I Tne 
b a t t e r y  bank txrminal vol tage can vary from 23 t o  36 v, however, d e -  
pending oil t h e  charge condi t ion of t h e  b a t t e r y  bank. 

Tile 

1.11.1 +10 Vol'c Voltage Regulator ..--- 1_1__1_ 

1. Input voltage: 

2, Output vol tage:  

3. i%xirnurn output  cur ren t  : 

I+. Ambient temperature 
range : 

5 .  b a d  regul-ation: 

6. T,i.ne regula t ion  : 

7.  Maximum temperature 
c o e f f i c i e n t :  

8. Lonp,-.tel-m s t a b i l i t y :  

+28 t o  +36 v de. 

4-10 v de.  

0.5 amp. 

10 t o  55OC. 

0.01%. 

0 .Ol$. 

0.003%/oc. 

0.01$/24 hours.  
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1.4.2 -10 Vol-t, Voltage Regulator 

I. Tnput voltage: 

2 .  Output voltage: 

3. Maximum output cur ren t :  

4. Ambient temperature 

5. Line regulation: 

6 .  b a d  regula t ion :  

'7. ~ x i r r u m  temperature 
coe f f i c i en t :  

8. bag-term s t a b i l i t y :  

range : 

-2% to -36 v de. 

-10 v dc. 

0.5 amp. 

LO t o  55OC. 

0.01%. 

0.01%. 

0 0 0 3 % / O C .  

O.OL$/24 hours. 

1 . 5  Applicable Drawings 

Die following l i s t  gives the  drawing numbers (ORKC, hs tnumentat ion 
and Controls Division draving numbers ) and s u b t i t l e s  and t h e  f a b r i c a t i o n  
spec i f i ca t ion  number f o r  the +lO Volt and t h e  -10 Volt Voltage Iie@latoss: 

1. Q-2621-1 Circu i t .  

2. Q-2621-2 Details. 

3. Q-2621-3 Metalphoto Panel. 

4. Q-2621-4 B i n t e d  C i rcu i t  Board. 

5. Q-2621-5 Assembly . 
6. Q-2621-6 Par t s  L i s t .  

7.  SF-251 Pkbrication Spec i f ica t ion  ~ 

T!ne following l i s t  gives the drawing numbers and s u b t i t l e s  f o r  the 
Plug-Tn Chassis System: 

1. Q-2600-1 A; s emb 1 y . 
2. &-2600-2 Details. 

3. Q-2600-3 Deta i l s .  

4. Q-2600-4 Details. 

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



6 

2 ~ 'T3EOHY OF OPERATION 

2 .1  General 

?"ne 1-10 V0l.i; and the -?,.0 Volt Voltage Regulators are t r a n s i s t o r i z e d  
series -vol.tage r ega la to r s .  These regulators are  e s s e n t i a l l y  high-gai.n 
feedback amp]-ifiers . 
when e i t h e r  .tile input  vol tage o r  the output  cur ren t  i-s var ied over  t'ne 
range f o r  which each w a s  designed. 

B-ch r egu la to r  provides a s t a b l e  output  vol tage 

2 ~ 2 Circu i t  S k s c r i p t i o n  

Tnis c i r c u i t  desc r ip t ion  app l i e s  t o  the +10 Volt Voltage &mlator 
and t h e  -10 Volt Voltage Regulator. 

Figure I, a block diag-I:am of the  r egu la to r  c i r cu jhs ,  i s  included 
as an il1-ust:eatioa t o  supplement t h i s  c i r c u i t  dcscrip.Lion. The com- 
p l e t e  c i r c u i t  dhgram i s  shown i n  Fig. 2" 

ORNL DWG. 6 8 - 1 2 9 4  

E G U L A T E D  
O U  TP MT 
v o  1 T A G  E 

T 

Figs 1. Dri.ag,ram of  +10 Volt and -1-0 Volt Regis!.ator Ci rcu i t s .  
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-Each r egu la to r  h a s  a s i n g l e  -ended differential ampl i f i e r  which 
samples the outpiit vol tagc and compares i.t with t h e  vol tage drop across  
a -Le-mpemtui-e -conipensated reference diode. l3i.s a n p l i f i e r  produces an 
outpui; vol tage proportioi?al t o  the  d i f f e rence  between the change i n  t h e  
rpference vol tage arid the ch.n.nge i n  the sampled output  vol tage when 3, 

change o c c u r s  in t h e  ou."ipu'v vol tage.  'Yne two dii ' feren.bial-a~.pl. if  i e r  
t r a n s i s t o r s  i n  each re@l.ator z r c  packnged i n  a si.ng1.e 'TO-j case.  These 
t r a n s i s t o r s  are Q Z A  and 0,l% in t h e  -LO v regula-Lor, and Q6A and Q6B 
i n  the -+IO v r c < y d a t o r  The two t.ra,rls-i o r s  i r i  each pzcliage are cl.ose1.y 
tiiat,cl-ted i n  J~lici-r VBE and hvj; c h a r a c t e r i s t i c s .  

The ou-tput vol-tage OF t h e  d i f f c ren t i a l .  amp1.ifit:r is fed  i n t o  a 
~-rlin~-i;on-pai.r a - q l i f  ier whri.ch produces a large vol tage gain fro-m t h e  
d i T f r r e n t i a 1  ainpl i f ier  io the s e r i e s  -rcgu.Iztj.rig element. The c o l l e c t o r s  
of' t h e  h r l i n g t o n  p a i r  a r c  co-niiectcd t o  a. node illat j o i n s  a cu r ren t  
source nnd t h e  series-regxilaking element. 

The s e r i e s  - .regulating element i n  each regul.;-tor i s  a b,rl. .ington- 
p3.r ampl i f i e r  tqhich provides a larse cu r ren t  gain from 'in? node t o  t h e  
regul-ator output. The s e r i e s  - r e s l a t k g  element i s  connec-Led j.n series 
witin t h e  r egu la to r  input  and the r egu la to r  ou tput .  
seri.es element i.s varied. when e i t h e r  the i.npu'k vol tage or the  output 
curren t  is changed so t,hat constant  0utpu.t vel-tage 5s aiaintaLned. 

The output  o f  the 

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

%ne +1.0 v and -10 v Voltage Kegulator rfiodulc is 5 module o f  t he  
ORNL Modular Heac-tor k.ztrumen.ta-Lion serie:: . Like Lhz o the r  modules i n  
t h i s  s e r i e s ,  i t  has s tandard connector,; and dimennions and has a. p in -  
and hole-code on the rear  pla-tc. so  t h a t  the  inodule will riot be in se r t ed  
i n  a. wrong loca t ion  i n  the drawcr. 'Lke nodule i s  ins-balled by  placing 
it in i t s  proper locaiion, I r i s e r t k g  the modu1.e f ' i -mly ,  and <;igktening 
thc  -Liiu.mb scrcw. Tne module may be plugged in v i t i i  po'der 011 without 
damage. 

' 3.2 Operatirig Control; 

There are ao opera t ing  c o n t r o l d  on the modiL1 e .  

3.3 Connections 

AIL connections are nmdc iiiro-ogh the rear connector Pl'i when t'ne 
modcll e i; i n sp r t ed .  
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l+. M A m A W C E  TNSTRUCTIONS 

4.1 General 

This module i s  designed t o  operate  continuously w i t h  a minimvm 
of maintenance and no adjustments. 
l i s t e d  i n  t h e  Replaceable Parts L i s t ,  Sect.  5, may be replaced. 

Should a f a i l u r e  occur, any p a r t  

4.2 Per iodic  YB intenance 

There i s  no s p e c i f i c  per iodic  raintenadnee procedure. 

4.3 Cal ibrat ion 

Potentiometer F W  on the +lo  v vol tage regula tor  card can be 
ad jus ted  t o  b r i n g  the output vol tage t o  3-10 'v, and potentiometer E O  
on the  -10 v vol tage regula tor  card can be adjusted t o  b r i n g  t h e  out -  
put  voltage t o  -10 v. For both potentiometers,  clockwise r o t a t i o n  of 
adjustment screw increases  -the output  vol tage,  and counterclockwise 
r o t a t i o n  decreases t h e  ou.tput vol tage.  

lc. 4 Trouble Shooting 

The most l i k e l y  source of  t roub le  i s  an open fuse  i n  the  input 
c i r c u i t .  The input  fuse i n  t h e  3-10 v r egu la to r  i s  Fl, arid the  input  
fuse i n  the -10 v r egu la to r  i s  E. In addi t ion ,  any of the t r a n s i s t o r  
o r  diode junct ions could become f a u l t y  under c e r t a i n  load condi t ions.  

4.5 Trans is tor  Voltage Chart 

The vol tages  of all t r a n s i s t o r s  a r e  l i s t e d  i n  Table 1. 

5. REPLACEABLE PARTS LIST 

A desc r ip t ion  and an ORNL s t o r e s  number f o r  a l l  replaceable  p e r t s  
are given i n  Table 2 .  
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l Table 1. Transistor Voltage Chart 

n bans  i .s tor  

Ql 

Q;! 

Q3 

Q4 

Q5 

Q6A 

Q6B 

Q7 

Q8 

Q9 

Qio 

G Z l l  

Q12 A 

Q12 B 

Emit ter  

+2 j .83 

+lo. 57 

+lo. 00 

+ 7.28 

+ 8.02 

+ 5.82 

+ j.82 

-25.74 

-1.0.08 

-10.00 

- 3.57 
- 4.23 
- 7.06 
- 7.06 

Base 

f25.28 

+ll. (. 1-5 

t10.57 

+ 8.02 

+a. >Y 
t6.46 

+6.4? 

-25.16 

-10. 72 

-10.08 

- 14.23 

- J L .  51. 

- 6.45 
- 6.43 

~ 

Collector  

+ll. 15 

+31.17 

f3J .17 

+ll. 15 

+11..15 

+lo. 01 

3 8.59 

-io. 72 

-30.91 

-30.92 

-10. 72 

-10.72 

0.00 

- 4.80 
- 

' A l l  vol tages  were measured wiili respect LO ground with a Cubic V-85 
d i g i i a l  ~ o l t u i e i e r .  l 'hc input voltage t o  t he  f 1 0  v de r egu la to r  was 4-32 v 
dc and thr input  voltagt. t o  the -10 v r egu la to r  was -32 v de. 'l'he output  
of each r egu la to r  was unloaded. 



Table 2. Replaceable Parts L i s t  

F a r t  No. OWL Stores  No. Ik s c r i p t i o  n 

c5, Capacibor, 1000 mf, -10 +loo$, 15 v de v, 
-10' to +850C opera t ing  temperature, 0.750 
in. by 2.0 in. long, type PSD, Callins 
k d u s t r i e s ,  h e .  

c1, c7 06-802 -0091 

c2 06 -802 -0084 

c3 06 -802 -0430 

c4, c6 06 -802 -0390 

R12, FQO 06-930-8202 

K4, 'El6 06 -9364940 

R3, R5, R l 1  06-936-0665 
RJ.8, ~ 1 9  

E, ~ 1 3 ,  x21. 06-936-0670 

€8, R2J-c 06 -936 -0672 

815, Rl'7 06 -9 36 -0680 

.KL, R1)+ 06 -9 36 -068 5 

Capacitor,  2.2 m f ,  25 v dc w, ceramic, 
mono lit hi.^, Spragle No. 5 C l  j. 

Capacitor,  0.01 mf, e o $ ,  25 v dc w, ceramic, 
monolithic, , Sprague No 3C3. 

Capacitor,  0.025 mf, eo$ ,  500 v dc w, 
ceramic, cli.sc, formul.at ion C23, 3pjragu.e 
No. 55C30A. 

Capzcitor,  0.001 m f ,  +IO$, 1000 v d c  w, 
ceramj.c, d i sc ,  forrnulatiiori C28, Sp~ague  
3To. 29C151Al. 

potentiometer,  trimmer, 100 ohms, +IO$, 1-1,'~ 
w, conductive g l a s s  r e s i s t a n c e  eI.ement, 
"Helitrirn" s e r i e s  53 wi th  pr in ted  circi2i.t 

p ins  , Hzlipot Div. 

R e ~ r i s t o ~ ,  25 ohms, +5$, 1.0 w, ww, v:itreoi.xs 
enamel coat ing,  P.R. Nal.l.ory No. RWgG-250. 

Xesistor., 200 oizms, t1/2$> 3/4 w a-t 125 C, 
ww, noninductive,  temp coeff not  t o  exceed 
20 ppm/OC, Bven  type 125%. 

Resis tor ,  400 ohms, Pl/2$, 3/4 w a t  125 C, 
ww, noninductive,  t e q )  eocff  no t  t o  exceed 
20 ~ p r n / ~ C ,  mven type 1252. 

Kes i s to r ,  500 ohms, fl/%$, 3/14 w a t  l % j ° C ,  
w v )  noninductive,  .i;emp coeff  no t  to exceed 
20 p ~ r n / ~ C ,  Daven type 1252. 

Resis tor ,  1000 ohms, *1/~$, 3/J-c w a t  125 C ,  
wry noninductive,  telril) coeff  not t o  exceed. 
20 ppm/Oc, mven type 1252. 

Hesis tor ,  2000 ohms, f1/2$, 3/4 w a-t; 125 C, 
$$"I, nonind-uctLve, temp coeff not to c:xceed 
20 ppm/ C, mven t y p e  ~25%. 

0 

0 

0 

0 

0 
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'%Cable 2 .  Continued 
"- 

ORNL Stores  No. 

06 -936 -0690 

06 -936 -0695 

06-936-0700 

06 -996 -i*yio 

06 -996 -1880 

06 -396 -1.986 

06 -996 -1985 

06 -996 -1.998 

06-996-2050 

06 -976 -1794 

06-995-62h 14- 

06 -995 -7870 

Ik s c r i p t  ion 
Resis tor ,  4000 ohms, ?1/2$, 314 w a t  125 0 C, 

TAW, noninductive, temp coeff not  t o  exceed 
20 pprn/OC, Bven type 1252. 

Resis tor ,  7000 ohms, -il./2$, 3/4 w a t  125OC, 
ww, noninductive,  Lemp coeff not  t o  exceed 
20 pprn/'~, B v e n  type 1252. 

Res is tor ,  LO kilohms, k1/2$, 3/1+ :+J a t  l25'C, 
ww, noninductive, temp coef€ no:; t o  exceed 
20 pprn/OC, Daven tyipe 1252. 

n J.ra-ns i.s t o r ,  PNP, s i l i c o n ,  type ;ZNll3l, 
Texas Lnstr. 

Trans is tor ,  NPN, s i l i c o n ,  type 2M-279, G.E. 

Transis-tor,  NPN, sri.li.con, type 2rJ1489, 
Sri.1.icon Trans is tor  Corp . 
Trans is tor ,  NPN, si.l-icon, type 2N3.l+79, RCA. 

Transi.stoi-, MPN, type 2NZl9, Motorola I 

'Trans i s t o r ,  PNP, type DA3F3, Honeywell. 

Transistor.,  dua l  NPN, type  2~2060, >%irchild I 

Diode, zener, 6.8 v &5$, 400 nw, type 
lN7511-A, Motorola. 

Diode, s i l i c o n ,  type 1N457A, E l e c t r i c a l  
' hd .  Assoc. 

Diode, zener, 5 .5  v i5$, 250 mvi, t y p c  
HZ-83'76, Hughes Aircra.f-t Co. 

Diode, zener, 6.2 v, terrqerature compensated, 
type lN827A, Motorola. 



6. ACCEPTANCE TESTS 

Tne following t e s t  equipment i s  required:  

1. A de-regulated power supply,  ad jus t ab le  from 28 t o  36 v de 

An osc i l loscope ,  d.c to 10 Mc, 1 mv/cm s e n s i t i v i t y .  
J -1  

and capable of  supplying 2.5 amp. 

2. 

3.  A d i f f e r e n t i a l .  voltuieter capa?r,I.e of  resol.ving 1.0 v w i t h  

4. A teniperature t e s t  chamber. 

5. A 20-0hm, IO-v r e s i s t o r  for dummy load.  

inputs  from 10 t o  25 v de. 

6.2 Test Procedures 

l. Adjust t h e  power supp1.y f o r  32 v de putput .  Phmect the  
p o s i t i v e  te rmina l  of  the power supply t o  p i n  9 o f  t h e  regul:2to:e connector. 
Connect the negat ive terminal t o  p i n  15 of tne  reguLa-tor corumxtor P U .  

Connect p i n  )+ of t h e  r egu la to r  t o  the  p o s i t i v e  input  teil l i inal  
of  the d i f f e r e n t i a l  voltmeter.  Connect p i n  3 of  t he  r egu la to r  t o  t h e  
negat ive input  te rmina l  of t h e  vol tmeter .  

3. Adjust potentiometer RI.2 u n t i l  the  vol tmeter  reads 10 .OOG v. 
4. Connect t'ne osc i l loscope  probe t o  p i n  4 of  the  regula tor ,  and 

2. 

connect t h e  probe ground lead t o  p in  3 of' the regula'cos connector. 
Observe t h e  osc i l loscope  t r a c e  f o r  a,ny evidence of o sc i l l a t io r i s  w i t h  
t 1 - e  osc i l loscope  s e n s i t i v i t y  a t  1 mv/crn. 

t o  28 v de and  observe the  osc i l loscope  t r a c e  for ev'idence of o s c i l l a -  
t i o n s .  Tdhile observtng -00th Yne d i f f e r e i i t i a l  vol%uli?ter for chai1g:cis lin 
r egu la to r  output vol tzge and t h e  osc i l loscope  trace foi- osci l - la t ions , 
a d j u s t  t h e  power supply vol tage s1-0w1.y ~nnti.~. 36 v dc output i s  resc'neii. 
The change i n  r e s d s t o r  output  vol tage shoiild not  be gsea-Ler than 1 .0  
rnv from i t s  value of 10.000 v .  A typ ica l .  change i s  l e s s  t k m i  0.25 mv. 
Reset t'ne power supply output  vol tage t o  32 v dc. 

Connect a 20-ohm, I O - w  :eesis'coi- across  p in  1-c and p in  .3 of t he  
r egu la to r  connector, and observe t h e  vol tage change on the  d i f f e r e n t i a l  
vol tmeter .  The vol tage change should not  be g r e a t e r  t;lian 1.0 mv.  The 
t y p i c a l  change i s  0.50 mv. Also, observe t h e  oscil.loscope t r a c e  f o r  
evidence of o s c i l l a t i o n s  whi1.e the r egu la to r  i s  loaded. 

connector Pl7. 
p i n  10 of connector Pl7. 

Connee-t; p in  2 of  connector pi7 to the p o s i t i v e  tnput  t e - m i n a l  
of t'le d i f f e r e n t i a l  voltmeter.  Connect p in  5 of connector P17 to -the 
negat ive input  te rmina l  of t he  vol tmeter .  

9. Adjust potent iometer  €20 u n t i l  t h e  voltmeter reads 10.000 v. 

5. Change t h e  power supply output  vol tage from i t s  32 v d c  se'cting 

6. 

7. Connect the p o s i t i v e  terminal. of the  power supply t o  p l n  15 of 
Connect the negat ive te rmina l  o f  t he  power supply .Lo 

8. 
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1.0. Coiinect t h e  osc i l loscope  probe t o  p i n  8 of connector Pl7, 
and connec-L the probe ground lead  t o  p i n  2 o f  connector Pl7. Ubserve 
t h e  scope t r a c e  for any evidence o f  o s c i l l a t i o n s  OLI 1 mv/cm s e n s i t i v i t y .  

11. Repeat s t e p  5 .  The change i n  t h e  x-eg.ilator output voltage 
shou1.d not  h e  g rea t e r  than l . 0  mv from i t s  value of 10.000 v. A t y p i c a l  
change i s  less  than 0.25 mv. &set  t h e  power supply vol tage t o  32 v de.  

connector P1.‘7, and observe t h e  vol tage change on the  d i f f e r e n t i a l  v o l t -  
meter. The vol tage change should not  exceed 1 . 0  mv. %ne t y p i c a l  change 
i s  0.5 mv. Observe the osc i l loscope  t r a c e  f o r  evidence o f  osclllatlons 
while the regu1.ato.r i s  l.oaded. 

A tetriperature s t a b i l i t y  t e s t  can be made  by^ p lac ing  tiie module 
i n  a temperature cont ro l led  oven. 
f o r  t h e  module t o  reach equi l ibr ium af ter  the  oven temperature i s  changed. 

i.ons descr ibed i n  s t e p s  1, 2, and 4. 
observed for. evidence of o s c i l l a t i o n s  during -&e t e s t .  The output  v o l t -  
age o f  the +lo v de vo1i;age r egu la to r  should not  change more than 14 mv 
from i t s  1.0.000 v dc value over  tbi:: ‘cemperature range 10  t o  55OC. 
t y p i c a l  change i s  5 mv. 

nections ind ica ted  i n  s teps  ‘-i, 8, and 10. Observe t h e  osci.l3.oscope 
t r a c e  f0.r evidence of  o s c i l l a t i o n s  during the  t e s t .  The output  vel-tage 
o f  the -10 v de vol tage r egu la to r  should not  char?ge more than  14 mv 
from i t s  10.000 v dc. value over t‘ne tetnperature range 10 -to 55 C. A 
t y p i c a l  change i s  5 mv. 

3.2. Connect a 20-0hm, LO-w r e s i s t o r  across  p i n  8 and p in  2 of 

13. 
Appl-oximatel-y 1.5 min should. be allowed 

“he +1.0 v vol tage r egu la to r  cain be  tes ted.  by making tiie connect- a. 
The osc i l loscope  t r a c e  should be  

A 

b. The -1.0 v de vol tage regiil.ator can be t e s t e d  by making the con- 

0 
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