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Abstract:
The purpose of this thesis is to describe the design and operation characteristics of a constant-current
generator. The generator was designed to have a constant load current as the load resistance changes.

The circuit was designed to have a signal voltage gain that varies in a linear manner as the load
resistance is changed. The output signal voltage changes in a direct relationship with the load
resistance, maintaining a constant proportionality between the two. This ratio of proportionality is the
desired constant current.

The design method used was to take an amplifier circuit with desirable characteristics and improve
upon its gain characteristic. Good gain, large power capacity, and being capable of handling large
signal input without distortion are the desired characteristics. A 6L6 beam-power tube with an
unby-passed cathode resistor was selected for the amplifier circuit, A second 6L6 beam tube was
placed in the plate circuit of the amplifier to act as a constant d-c current device. This improves the gain
characteristic of the amplifier at the higher values of load resistance by making the amplifier plate
voltage more-or-less independent of its plate current. The gain characteristic of the amplifier was then
made linear by providing a positive feedback to the grid. It was necessary to provide a nonlinear
feedback voltage which increased exponentially with the load resistance. This was accomplished by
using the inverse current characteristics of two matched germanium diodes. A signal voltage from this
diode circuit was amplified by a 6J5 triode tube. The feedback signal was obtained from the plate
circuit of this amplifier with the proper phasing for positive feed back.

The constant-current generator works very well for a large range of load resistance variation for small
values of load current, but the range is somewhat limited for load currents over 4 ma. The frequency
response is very good in the range from 500 to 5,000 cps. The 3-db. loss levels are outside the desired
frequency range of 100 to 10,000 cps except on the low-frequency side at high values of load
resistance. The low-frequency response could have been improved by proper design of the R-C
circuits, Two examples of uses that may be made of this device are discussed at the end of the paper. 
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ABSTRACT

The purpose o f  t h i s  th e s i s  i s  to  d e sc rib e  th e  desig n  and o p e ra tio n  
c h a r a c te r i s t i c s  o f  a  c o n s ta n t-c u r re n t  g e n e ra to r . The g en era to r was 
designed  to  have a  c o n s ta n t lo ad  c u rre n t as th e  lo ad  r e s is ta n c e  changes.
The c i r c u i t  was designed  to  have a  s ig n a l  v o ltag e  g a in  th a t  v a r ie s  in  a  
l i n e a r  manner as th e  lo a d  r e s is ta n c e  i s  changed. The o u tp u t s ig n a l  v o ltag e  
changes in  a  d i r e c t  r e la t io n s h ip  w ith  th e  lo ad  r e s is ta n c e ,  m a in ta in in g  a 
c o n s ta n t p ro p o r t io n a l i ty  between th e  two. This r a t i o  o f  p ro p o r t io n a l i ty  i s  
th e  d e s ire d  c o n s ta n t c u r re n t .

The d esig n  method used  was to  tak e  an a m p lif ie r  c i r c u i t  w ith  d e s ira b le  
c h a r a c te r i s t i c s  and improve upon i t s  g a in  c h a r a c t e r i s t i c .  Good g a in , la rg e  
power c a p a c ity , and being  capab le  o f  hand ling  la rg e  s ig n a l  in p u t w ith o u t 
d i s to r t i o n  a re  th e  d e s ire d  c h a r a c t e r i s t i c s .  A 6L6 beam-power tube w ith  an 
unby-passed cathode r e s i s t o r  was s e le c te d  f o r  th e  a m p lif ie r  c i r c u i t .  A 
second 6Lb beam tube was p laced  in  th e  p la te  c i r c u i t  o f  th e  a m p lif ie r  to  
a c t  as a c o n s ta n t d -c  c u r re n t  d e v ic e . This laqiroves th e  ga in  c h a ra c te r ­
i s t i c  o f  th e  a m p lif ie r  a t  the  h ig h e r  v a lues o f  lo a d  re s is ta n c e  by making 
th e  a m p lif ie r  p la te  v o lta g e  m o re -o r- le ss  Independent o f  i t s  p la te  c u r re n t .  
The g a in  c h a r a c te r i s t i c  o f  th e  a m p lif ie r  was th en  made l in e a r  by p rov id ing  
a  p o s i t iv e  feedback  to  th e  g r id .  I t  was n ecessa ry  to  p rov ide a  n o n lin e a r  
feedback  v o lta g e  which In c reased  e x p o n e n tia lly  w ith  the  lo ad  r e s i s ta n c e .  
This was accom plished by u s in g  th e  in v e rse  c u r re n t  c h a r a c te r i s t i c s  o f  two 
matched germanium d io d e s . A s ig n a l  v o ltag e  from th i s  d iode c i r c u i t  was 
am p lified  by a  6J5 tr io d e  tu b e . The feedback s ig n a l  was o b ta in ed  from the  
p la te  c i r c u i t  o f  th i s  a m p lif ie r  w ith  th e  p ro p er phasing  f o r  p o s i t iv e  feed­
back .

The c o n s ta n t-c u r re n t  g e n e ra to r  works very  w e ll f o r  a  la rg e  range o f 
lo a d  r e s is ta n c e  v a r ia t io n  f o r  sm all v a lues o f  lo a d  c u r re n t ,  b u t th e  range 
i s  somewhat l im i te d  f o r  lo a d  c u rre n ts  over 4 ma. The frequency response 
i s  very  good In  th e  range from 500 to  5 ,000 o p s . The 3-db . lo s s  le v e ls  
a re  o u ts id e  th e  d e s ire d  frequency  range o f  100 to  10,000  ops. ex cep t on th e  
low -frequency s id e  a t  h igh  v a lu es  o f  lo ad  r e s i s ta n c e .  The low -frequency 
resp o n se  could  have been improved by p roper d e s ig n  o f th e  IWI c i r c u i t s .

Two examples o f  u ses  t h a t  may be mude o f  t h i s  dev ice  a re  d iscu ssed  a t  
th e  end o f  th e  p ap er.



IOT RCDDC TION

The problem s e le c te d  was to  design  end c o n s tru c t a c o n s ta n t-c u r re n t  

g e n e ra to r  to  o p e ra te  in  th e  aud io -frequency  range from 100 to  10,000  

c y c le s  p e r  second . The problem  can be d iv id e d  in to  two ty p e s t

(a ) The c o n s ta n t-c u r re n t  dev ice  which produces a  c o n s ta n t-c u r re n t  

o u tp u t when th e  in p u t v a r ie s .

(b) The c o n s ta n t-c u r re n t  dev ice  which g ives a  c o n s ta n t-c u rre n t 

o u tp u t as th e  o u tp u t lo a d  impedance v a r ie s .

The second type Ie  th e  one developed and d iscu ssed  in  t h i s  p a p e r .

C onsiderab le  re s e a rc h  has been done and a  la rg e  number o f  papers 

have been w r it te n  on c o n s ta n t-c u r re n t  d ev ice s  u s in g  d i r e c t - c u r r e n t ,  b u t, 

to  th e  a u th o r 's  knowledge, no work com parative to  th i s  th e s i s  has been 

done w ith  th e  a l te r n a t in g - c u r r e n ts  over the  frequency range u sed  h e re .

Due to  th e  in c re a s in g  tre n d  toward th e  use o f  e le c t r o n ic  computing 

and c o n tro l  d e v ice s , t h i s  in v e s t ig a t io n  was thought to  be w orthw hile. 

Although th e  au th o r knows o f  no p a r t i c u la r  c i r c u i t  where a  d ev ice  o f  t h i s  

type i s  used a t  th e  p re s e n t  tim e , i t s  fu tu r e  p o s s i b i l i t i e s  should  n o t be 

overlooked  in  connection  w ith  the  aforem entioned types o f  e le c tro n ic  

c i r c u i t s .

The a b b re v ia tio n s  and te c h n ic a l term s used in  th i s  paper a re  the  

coBnon and accep ted  term s as used in  th e  ra d io  eng ineering  l i t e r a t u r e .

The experim en ta l d a ta  was ob ta in ed  from a m p lif ie rs  b u i l t  by the 

a u th o r . A commercial type o f s ig n a l  g e n e ra to r  was used f o r  th e  in p u t 

s ig n a l .



PROBLEM ANALYSIS

S ev era l ty p es  o f  a m p lif ie r  c i r c u i t s  were considered  and th e  f i r s t  

one s e le c te d  was a  d o u b le -ca th o d e -fo llo w er c i r c u i t  which, when analyzed 

m a th em atica lly , seemed to  p re s e n t th e  p ro p er c h a r a c t e r i s t i c s .  When t e s t s  

were run  on th i s  c i r c u i t  i t  d id  n o t o p e ra te  as ex p ec ted . F u r th e r  a n a ly s is  

showed th a t  th e  transconductance  and a m p lif ic a tio n  f a c to r  o f  th e  tube 

v a r ie d  in  a  n o n lin e a r  fa sh io n  as th e  lo ad  r e s is ta n c e  was in c re a s e d . There 

was n o t a  l i n e a r  c o r r e la t io n  between th e  o u tp u t v o lta g e  and lo ad  r e s is ta n c e  

as d e s ire d  and th e  c i r c u i t  was d isc a rd e d .

The f i r s t  a ttem p t to  produce a  c o n s ta n t-c u rre n t g e n e ra to r  u sing  th e  

ca th o d e -fo llo w er c i r c u i t  gave th e  w r i te r  a  b e t t e r  in s ig h t  in to  the  problem 

by showing th e  way to  th e  f i n a l  c i r c u i t  and th e  method by which to  approach 

i t .  The problem was one o f  develop ing  an a m p lif ie r  c i r c u i t  w ith  a g a in  

th a t  in c re a se d  in  d i r e c t  p ro p o r tio n  to  th e  lo ad  r e s is ta n c e .  The method o f 

approach was to  do th e  exp erim en ta l work p r io r  to  th e  a n a ly t ic a l  work.

I t  i s  w e ll known th a t  th e  g a in  o f  an a m p lif ie r  in c re a s e s  as th e  lo ad  

r e s is ta n c e  i s  in c re a se d . This g a in - c h a r a c te r i s t ic  i s  approxim ately  l i n e a r  

over a  very  sm all range o f  lo ad  r e s is ta n c e  v a r ia t io n .  The improvement o f  

t h i s  g a in - c h a r a c te r i s t ic  was th e  b a s ic  problem  to  be co n sid e red .

To improve th e  g a in - c h a r a c te r i s t ic  o f  th e  a m p lif ie r  a  c o n s ta n t d -c  

c u r re n t  dev ice  was p laced  in  th e  p la te  c i r c u i t  as shown in  F ig . I .  The 

a d d itio n  o f  t h i s  c i r c u i t  improved th e  g a in - c h a r a c te r i s t ic  b u t i t  was s t i l l  

f a r  from th e  d e s ire d  l i n e a r  g a in -lo a d  r e la t io n s h ip .

The c i r c u i t  g a in - c h a r a c te r i s t ic  could  be f u r th e r  improved by a  non­



l i n e a r  p o s i t iv e  feedback . I t  was n ecessa ry  to  have more g a in  a t  the

h ig h e r v a lu es  o f  lo ad  r e s is ta n c e  w hile th e  g a in  a t  th e  lo v e r  va lues o f 

lo ad  r e s is ta n c e  rem ained unchanged. Diode vacuum tubes have p la te  c u r r e n t-  

p la te  v o lta g e  c h a r a c te r i s t i c s  such th a t  the  p la te  c u r re n t  in c re a se s  as an 

e x p o n en tia l fu n c tio n  o f  th e  p la te  v o lta g e . The p o s s ib i l i ty  o f  u s in g  th i s  

type o f  c h a r a c te r i s t i c  curve was in v e s t ig a te d .  I t  was determ ined  th a t  th e  

amount o f  r e s is ta n c e  needed in  s e r ie s  w ith  the d iodes was a t  l e a s t  

100,000 ohms. This amount o f  r e s is ta n c e  caused th e  diode c h a r a c te r i s t i c  

to  f l a t t e n  o u t u n t i l  i t  was no lo n g e r th e  d e s ire d  c u rre n t-v o lta g e  r e la t io n ­

s h ip .

A T h y rite  type o f  v a r i s to r  was known to  have a h ig h  r e s is ta n c e  and 

th e  d e s ire d  sy m e tr ic a l c u rre n t-v o lta g e  c h a r a c te r i s t i c .  The u n su ccessfu l 

e f f o r t  th a t  was made to  o b ta in  t h i s  type o f v a r i s to r  le d  to  th e  co n sid er­

a t io n  o f  th e  in v e rse  c h a r a c te r i s t i c s  o f  germanium c r y s ta l  d io d e s . The 

in v e rse  c u rre n t-v o lta g e  r e la t io n s h ip  o f  germanium d iodes e x h ib i ts  h igh  

r e s is ta n c e  and approxim ately  th e  d e s ire d  e x p o n en tia l v a r ia t io n  needed f o r  

th e  feedback  c i r c u i t .  To g e t  a  sy m e tr ic a l c h a r a c te r i s t i c  from th e  

germanium d iode  f o r  a l te r n a t in g  v o lta g e s , a  matched p a i r  o f  germanium 

d iodes were connected ca th o d e -to -ca th o d e . These d io d es , p a ra l le le d  by a 

r e s i s t o r ,  and r e s is ta n c e ,  were p laced  in  p a r a l l e l  w ith  th e  lo a d  as shown 

in  F ig . I .  That p o r tio n  o f  th e  o u tp u t s ig n a l  v o ltag e  appearing  across 

i s  ap p lied  to  th e  g r id  o f  a  t r io d e  a m p lif ie r .  The s ig n a l  o u tp u t from 

th e  p la te  c i r c u i t  o f  t h i s  a m p lif ie r  i s  fe d  back to  th e  g r id  o f  th e  beam- 

tube  a m p lif ie r  as p o s i t iv e  feedback .



When th e  exp erim en ta l run  v&a made on t h i s  complete c i r c u i t  i t  was 

found to  be a  very  good approxim ation to  th e  d e s ire d  l in e a r  r e l a t i o n  

between o u tp u t v o lta g e  and o u tp u t lo ad  r e s i s ta n c e .  The d e v ia t io n s  frost 

l i n e a r i t y  can be c o n tro lle d  w ith  good accuracy by c o n tro l l in g  th e  amount 

o f  r e s is ta n c e  in  s e r ie s  w ith  th e  d io d es . This r e s is ta n c e  c o n tro ls  th e  

c h a r a c te r i s t i c  end th e  amount o f  feedback v o lta g e .

The amount o f  c u r re n t in  th e  o u tpu t lo a d  can be v a r ie d  by changing 

th e  amount o f  in p u t s ig n a l .



T1-  Constant d- g current device. 
T2- B eam-T ube amplifier 
T3- F eedback am plifier .
Gl BGf-GERMANlUM DIODES.
Rl -  L oad resistance.

+ R ki Z ' . 000^
1.0 JJFD.

O

Ru

O

F ig. I. Constant- current generator circuit.
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CIRCUIT AiiaLXSIS

This cons t a n t-c u r ra n t  g e n e ra to r  i s  u  dev ice  which has a d i r e c t ly  

in c re a s in g  o u tp u t v o ltag e  us th e  o u tp u t r e s is ta n c e  i s  in c re a se d  r e s u l t in g  

In  a c o n s ta n t c u r re n t .  The in p u t s ig n a l  v o ltag e  must rem ain co n s ta n t in  

am plitude . The method by which the  l i n e a r  o u tp u t i s  o b ta in ed  i s ,  

e s s e n t i a l ly ,  one o f combining n o n lin e a r  d ev ices  in  such & fa sh io n  as to  

r e s u l t  in  a  l i n e a r  o u tp u t, a  m athem atical a n a ly s is  o f  such a  com bination 

i s  ex trem ely  d i f f i c u l t  because o f  th e  n o n lin e a r  c h a r a c te r i s t i c s  o f  c e r ta in  

components o f  the c i r c u i t .

When th e  lo a d  r e s is ta n c e  i s  v a r ie d  th e  tr a n e conductance and p la te  

r e s is ta n c e  o f  th e  beam tube changes in  a  n o n lld e a r  f a s h i o n I t  may be 

seen  from F ig . I  th a t  th e  lo ad  impedance o f  th e  be am-tube a m p lif ie r  

c o n s is ts  o f  th e  lo ad  r e s is ta n c e  in  p a r a l l e l  w ith  th e  c o n s ta n t d-o  c u rre n t 

dev ice  and th e  feedback a m p lif ie r  in p u t c i r c u i t .  A change in  th e  load  

r e s is ta n c e ,  I ^ ,  a lso  a f f e c t s  th e  c o n s ta n t d -c  c u rre n t dev ice  causing  i t s  

c h a r a c te r i s t i c s  to  change in  a  n o n lin e a r manner. The germanium d iodes in  

th e  feedback in p u t c i r c u i t  were used because o f  t h e i r  d e s ir a b le  n o n lin e a r 

c h a r a c t e r i s t i c s .  T here fo re , r a th e r  th an  a ttem p t a  r ig o ro u s  m athem atical 

a n a ly s is ,  which i s  im p rac tic ab le  because o f  th e  n o n lin e a r c i r c u i t  e lem ents 

u sed , a  nonm&thematlcal approach w i l l  be used  in  e x p la in in g  th e  fu n c tio n  

o f  th e  v a rio u s  p a r t s .

I .  Schade, 0 . H ., 1949, ELECTRON TUBES, 7 c l .  I ,  p . 360, RCA Review,
Kadlo C orpo ra tion  o f  A m e r ic a , P rin ce to n , New J e r s e y .



The c i r c u i t  shown in  F ig . I  i s  th e  com plete c i r c u i t .  The beem­

power tubes were used  f o r  t h e i r  d e s ir a b le  p la te  c u r re n t-p la te  v o lta g e  

c h a r a c te r i s t i c s  and to  o b ta in  as h igh  power o u tp u t as p o s s ib le . The 

fu n c tio n  o f  th e  unbypassed cathode r e s i s t o r ,  Rk2* *a feedback a  

d eg en e ra tiv e  component o f  s ig n a l  to  th e  c o n tro l  g r id .  When th e  lo ad  

r e s is ta n c e ,  R^, i s  z e ro , o r  very  sm all, th e  e n t i r e  s ig n a l v o lta g e  i s  

developed ac ro ss  Rk2, which i s  th e  only  lo a d  to  a -c  vo ltag e  in  th e  c i r c u i t .  

This v o lta g e  i s  fed  back to  th e  g r id  and alm ost e n t i r e ly  d eg en e ra te s  the  

g r id  s ig n a l  v o lta g e . Ag in c re a se s  a  g r e a te r  p ro p o rtio n  o f  th e  s ig n a l 

i s  developed acro ss  th e  lo ad  r e s i s t o r ,  Ii^t and th e  c o n sta n t d -c  c u rre n t 

d e v ic e , which a re  in  p a r a l l e l .  The c o n s ta n t d -c  c u rre n t d ev ice  has a 

very  h ig h  impedance to  th e  a -c  lo ad  v o lta g e , th u s  i s  th e  c o n tro l l in g  

impedance over th e  range to  be u sed . As th e  s ig n a l  developed acro ss  

in c re a s e s  th e  amount o f  s ig n a l  v o ltag e  ac ro ss  th e  cathode r e s i s t o r ,  Rk2, 

d e c re a se s . This e f f e c t  a llow s th e  ga in  o f  th e  s tag e  to  in c re a se  producing 

more o u tp u t v o lta g e  ac ro ss  Rji,  thus ten d in g  to  keep th e  c u r re n t  through 

Rji c o n s ta n t.

The s ig n a l  g e n e ra to r used  in  th e  g r id  c i r c u i t  has a  low impedance 

o u tp u t. The reaso n  f o r  u s in g  th i s  s ig n a l  g e n e ra to r i s  to  p rev en t any 

a p p re c ia b le  lo s s  in  feedback s ig n a l  v o lta g e  which i s  fed  back to  the  beam- 

tube a m p lif ie r  g r id  through th e  s ig n a l  g e n e ra to r .

The sc ree n  g r id  has a  30,000 ohm dropping  r e s i s t o r  w ith  a  0.25 

m ic ro fa rad  bypass c a p a c ito r  connected d i r e c t ly  to  the  ca th o d e . These 

components i s o l a t e  the  sc ree n  g r id  from s ig n a l  v o lta g e  changes w ith
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r e s p e c t  to  th e  ca th o d e . This h ig h  r e s is ta n c e  a lso  p rev en ts  th e  sc reen  

g r id  from drawing ex cessiv e  c u r re n t  on n eg a tiv e  p la te  s ig n a l  v o lta g e  peaks 

and allow s th e  sc reen  g r id  power supply v o lta g e  to  be q u i te  h ig h . The 

feedback a m p lif ie r  p la te  v o lta g e  may a lso  be o b ta in ed  from th e  same power 

sou rce  th a t  s u p p lie s  th e  sc ree n  g r id  power.

In  th e  p la te  c i r c u i t  o f  th e  a m p lif ie r  th e  c o n s ta n t d -c  c u rre n t d ev ice  

e lim in a te s  th e  e f f e c t  o f  p la te  c u r re n t v a r ia t io n s  on th e  p la te  v o ltag e  

w hile p re se n tin g  a  h igh  impedance to  any a -c  s ig n a l  o u tp u t. This in c re a se s  

th e  g a in  a t  th e  h ig h e r va lu es  o f  lo ad  r e s i s ta n c e .  The e f f e c t  o f  th i s  

c i r c u i t  may be seen  from a  comparison o f  th e  graphs p lo t te d  in  F ig . 2 

w ith  th ose  o f  F ig . 3 . F ig u re  2 i s  a  p lo t  o f  th e  o u tp u t v o lta g e  versus 

lo a d  r e s is ta n c e  f o r  th e  beam-tube a m p lif ie r  alone w ith o u t th e  m o d if ica tio n  

o f  th e  c o n s ta n t d -c  c u r re n t  d e v ic e . F ig u re  3 i s  a  p lo t  o f  th e  o u tp u t 

c h a r a c te r i s t i c s  f o r  th e  a m p lif ie r  w ith  th e  c o n s ta n t d -c  c u r re n t  dev ice  in  

th e  p la te  c i r c u i t .  A com parison o f  th e  graphs shows th e  in c re a se d  ga in  

a t  th e  h ig h e r v a lu es  o f  lo ad  r e s is ta n c e  produced by th e  c o n s ta n t-c u rre n t 

d e v ic e .

The curves o f  F ig . 3 a re  p lo t te d  f o r  d i f f e r e n t  b ia s in g  arrangem ents 

on th e  two 6L6 tubes showing how th e  g a in  c h a r a c te r i s t i c s  may be c o n tro l­

le d  to  o b ta in  th e  n ecessa ry  f i n a l  o u tp u t c h a r a c te r i s t i c .  The 1000 ohm 

r e s i s t o r s ,  Rk l  and Rk2,  u sed  in  th e  cathode c i r c u i t s  produced the  most 

n e a r ly  l in e a r  curves and th e  optimum b ia s  f o r  p roper o p e ra tio n  o f th e  

tu b e s . A A .5 -v o lt b ia s in g  b a t te ry  i s  n ecessa ry  in  th e  g r id  c i r c u i t  o f  th e  

c o n s ta n t-c u r re n t  dev ice  to  c o n tro l the  c u r re n t  through th e  tube and cause
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th e  power supply  v o lta g e  to  d iv id e  eq u a lly  a c ro ss  the  two tu bes g iv ing  

250 v o l ts  o f  p la te  to  cathode v o lta g e  on each tu b e . The c i r c u i t  w i l l  n o t 

o p e ra te  as a  c o n s ta n t c u r re n t  dev ice  w ith o u t t h i s  b ia s in g  b a t t e r y . 1 I t  

produces a  c o n s ta n t Increm ent o f  b ia s  which I s  necessary  e s p e c ia l ly  a t  

la rg e  v a lu es  o f  lo a d  r e s is ta n c e  where th e re  I s  co n sid e rab le  s ig n a l  v o ltag e  

developed a c ro ss  th e  unbypassed cathode r e s i s t o r ,  RjtJl . The un typassed  

cathode r e s i s t o r ,  Rjt^* produces th e  h ig h  Impedance to  th e  a -c  component 

o f  s ig n a l  o u tp u t v o ltag e  p re sen te d  Ty th e  c o n s ta n t-c u rre n t d e v ic e . This 

reduces th e  sh u n tin g  e f f e c t  o f  th e  c o n s ta n t-c u rre n t s ta g e  a t  th e  h ig h er 

v a lu es  o f  lo a d  r e s is ta n c e .

The p la te  and sc ree n  g r id  a re  connected d i r e c t ly  to  th e  power su p p ly . 

W ithout a  lo a d  r e s i s t o r  In  th e  p la te  c i r c u i t  th e  p la te  and sc re e n  g r id  

w i l l  bo th  be a t  250 v o lte  p o s i t iv e  w ith  r e s p e c t  to  th e  ca th o d e . With 

t h i s  connection  th e  tube a c ts  as a  r e g u la r  beam power tube which has the  

d e s ire d  c o n s ta n t-c u r re n t  c h a r a c t e r i s t i c s . The power supply  v o lta g e  i s  

545 v o l t s ,  o f  which, 45 v o l ts  i s  dropped a c ro ss  th e  b ia s in g  r e s i s t o r s ,

RkI  and Rjt2 and th e  rem ain ing  v o lta g e  d iv id e s  e q u a lly  a c ro ss  th e  two 6L6 

tu b e s .

The o u tp u t i s  taken  d i r e c t l y  from th e  p la te  o f  T2 ,  th e  beast-tube. The 

d -c  v o lta g e  o f  th e  p la te  c i r c u i t  I s  blocked by th e  I  m ic ro fa rad  condenser.

I .  V a lley , G. E. and Wailman, H ., 1948, VACOUM TUBE AMPLIFIERS, p . UO 
McOraw-Hlll Book Company, I n c . ,  New Io rk  and London
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I The la rg e  cap ac itan ce  I s  n ecessa ry  to  g iv e  good low frequency  response a t  

sm all v a lu es  o f  R j. The lo a d  r e s i s t a n c e , - ^ ,  c o n s is ts  o f  two n o n ln d u c tlv e , 

10,000 ohm, decade r e s is ta n c e  u n i ts  In  s e r i e s .  This lo ad  cou ld  re p re se n t 

any v a r ia b le  r e s i s t i v e  lo a d .

The o u tp u t v o ltag e  I s  a lso  ap p lied  a c ro ss  th e  feedback  In p u t c i r c u i t ,  

t h i s  c i r c u i t ,  cs shown In  F ig . I ,  c o n s is ts  o f th e  two germanium c r y s ta l  

d io d e s , Gj and Gg, and th e  r e s i s t o r s  R2 ,  R^, and R^. The two d iodes were 

matched f o r  In v e rse  c h a r a c te r i s t i c s  by app ly ing  a  d -c  v o lta g e  acro ss  each 

d io d e  ,in s e r i e s  w ith  100,000 ohms o f  r e s i s ta n c e .  The v o lta g e  p o la r i ty  was 

d ire c te d  to  make the  cathode p o s i t iv e .  In  t h i s  manner, each o f  th e  e l*  

germanium d io d es  a v a ila b le  were te s te d  and th e  p a i r  most n e a r ly  matched 

were s e le c te d .  %  p la c in g  a  r e s is ta n c e  In  p a r a l l e l  w ith  th e  d iodes th e  

o v e ra l l  c h a r a c te r i s t i c  Impedance o f  th e  d io d es  can be made more s u i ta b le  

f o r  t h i s  c i r c u i t .  The optimum value f o r  th e  r e s is ta n c e ,  Sg, was found to  

be 150,000 ohms. This r e s i s t o r  reduced the  impedance o f fe re d  by th e  d iodes 

from 250,000 ohms to  100,000 ohms a t  30 v o l t s .  At 60 v o l t s  th e  t o t a l  

Impedance o f  th e  com bination I s  40,000 ohms. This Impedance in  s e r ie s  

w ith  Rj and i s  la rg e  enough th a t  th e  sh u n tin g  e f f e c t  on Uie lo a d , R j,

I s  n o t s e r io u s  over th e  range  o f  va lues u sed  fo r  lo ad  r e s is ta n c e .

The v a r ia b le  r e s i s t o r ,  R j, se rv es  a  d u a l purpose . I t  c o n tro ls  th e  

amount o f  th e  o u tp u t s ig n a l  v o ltag e  th a t  appears ac ro ss  R^. This s ig n a l 

v o lta g e  Ie  th e  In p u t to  th e  tr io d e  feedback  a m p lif ie r .  Thus, Rj c o n tro ls  

th e  amount o f  feedback to  th e  beam-tube a m p lif ie r .  I t  a ls o  c o n tro ls  th e  

d iode c h a r a c te r i s t i c  by v ary in g  th e  p o r t io n  o f  th e  o u tp u t s ig n a l  v o ltag e



drop ac ro ss  th e  d io d e s . T h is c o n tro l l in g  a c tio n  can be seen  in  F ig . 4* 

F ig u re  4  i s  a  p lo t  o f  th e  v o lta g e  developed ac ro ss  a g a in s t  th e  t o t a l  

v o lta g e  a p p lie d  ac ro ss  th e  d iode  c i r c u i t .  In c re a s in g  the  r e s is ta n c e  o f  

Rj d e c rea se s  th e  s ig n a l  v o lta g e  ac ro ss  and a lso  d ec rea se s  th e  s lo p e  o f  

th e  curve a t  the  h ig h e r v a lu es  o f  r e s i s ta n c e .  The a c tio n  o f  th e  s lope  can 

be seen  by drawing ta n g e n t l in e s  to  th e  cu rves a t  corresponding  ap p lied  

v o lta g e  p o in ts .  The ang le  between th e  ta n g en ts  in c re a se s  as th e  ap p lied  

v o lta g e  in c re a s e s .  This type  o f  c o n tro l l in g  a c tio n  by iy  was found to  be 

d e s ir a b le  to  ex tend  th e  range o f  lo ad  r e s is ta n c e  v a r ia t io n s  f o r  d i f f e r e n t  

lo a d  c u r re n ts  w ith o u t cau s in g  an undue amount o f  d i s to r t io n  in  th e  wave 

shape o f  th e  o u tp u t v o lta g e .

Tto optimum s iz e  o f  was determ ined to  be 3100 ohms to  apply th e  

p ro p er amount o f  s ig n a l  v o lta g e  to  th e  g r id  o f  th e  feedback  a m p lif ie r .

This v a lue  o f  R^ allow s Rj to  be v a rie d  o v er th e  range from 50,000 to  

80,000 ohms. This range o f  v a lues i s  n ecessa ry  to  s e l e c t  th e  p roper 

o p e ra tin g  c o n d itio n s  f o r  d i f f e r e n t  v a lu es  o f  lo ad  c u r re n t .

The 6J5  t r lo d e  tube was s e le c te d  f o r  th e  feedback a m p lif ie r .  This 

tube has good o p e ra tin g  c h a r a c te r i s t i c s  f o r  th e  power supp ly  a v a ila b le  

and s t i l l  m a in ta in s  a  f a i r l y  h igh  g a in . The feedback a m p lif ie r  c i r c u i t  

was designed  to  have a  g a in  o f  12 , which i s  more than  am ple. W ith th i s  

ga in  th e  beam tube can e a s i ly  be o v e rd riv e n . The o u tp u t o f  th e  feedback 

a m p lif ie r  Ie  taken  from th e  p la te  c i r c u i t .  T his g ives th e  p roper phasing 

f o r  p o s i t iv e  feedback . The 100,000 ohm p la te  lo ad  r e s i s t o r ,  R j, p rov ides 

h ig h  r e s is ta n c e  in  th e  p la te  c i r c u i t  to  m a in ta in  a  h igh  g a in  f o r  th e
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t r lo d a  a m p lif ie r .  The co u p lin g  r e s i s t o r ,  R6 ,  may be designed  to  c o n tro l 

the  amount o f  feedback s ig n a l  re tu rn e d  to  th e  beam-tube a m p lif ie r .  A 

p o ten tio m e te r was t r i e d  f o r  th i s  purpose b u t exp erim en ta l runs proved th a t  

Hg was th e  more d e s ir a b le  and e f f e c t iv e  c o n tro l  f o r  th e  feedback  v o lta g e .
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The r e s u l t*  o f  th e  experim ent*! t e a t s  on th e  c i r c u i t  e re  p lo t te d  in  

F ig . 5 . The curves have e l l  been c o rre c te d  by a d ju s tin g  th e  feedback 

c o n tro l ,  Rg o f  F ig . I ,  to  produce th e  most l i n e a r  r e la t io n s h ip  between 

o u tp u t v o lta g e  and o u tp u t lo a d  r e s is ta n c e .  The curves a re  a d ju s te d  to  

r e p re s e n t  th e  I ,  2 ,  3 , 4# 5# 6 ,  and 7 o l l l la m p e re  values o f  lo a d  c u r re n t .

The I  ma. curve was made most l i n e a r  by a d ju s t in g  R- to  50,000 ohms 

and th e  2 ma. curve i s  c o rre c te d  by s e t t i n g  Hg to  64,000 ohms. Both o f  

th e se  eu rv ss  a re  good approxim ations to  l i n e a r  c o n s ta n t c u r re n t  o u tp u t 

beyond th e  maximum value  o f  22 ,000 ohms o f  lo ad  r e s is ta n c e  u se d . The 3 ma. 

and 4  ma. cu rves e re  c o rre c te d  by s e t t in g  Rg to  76,000 and 80,000 ohms 

r e s p e c t iv e ly .  The d e v ia t io n s  from l i n e s r l t y  Sn th e se  two c u rv e s , a t  the  

h ig h e r v a lu es  o f  lo ad  r e s i s ta n c e ,  Ie  p o s i t iv e .  To compensate f o r  th i s  

d e v ia t io n  more r e s is ta n c e  I s  needed in  Hg th an  I s  re q u ire d  f o r  I  ma. and 

2 ma. Fo th e  I  ma, and 2 ma. curves I t  was necessa ry  to  c o r r e c t  f o r  a  

n eg a tiv e  d e v ia t io n  a t  th e  h ig h e r  v a lues o f  lo a d  r e s is ta n c e .  The same 

r e l a t i v e  sag o f  th e se  c u r re n t  curves can be n o tic e d  on th e  3 ma. and 4 ma. 

curves a t  11 ,000 ohms o f  lo a d  r e s is ta n c e .  At t h i s  lo ad  r e s is ta n c e  the  

beam-tube a m p lif ie r  g a in  i s  th e  c o n tro l l in g  f a c to r  f o r  th e  3 ma. and 4  ma. 

cu rves and th u s  th e  sag  canno t be c o rre c te d  by a d ju s tin g  th e  feedback 

c o n tro l ,  Rg. The 3 ma. and 4  ma. curves a re  good approxim ations to  

l i n e a r i t y  up to  20 ,000 ohms o f  lo ad  r e s i s ta n c e .  The u s e fu l  rungs could  

p robab ly  be extended by p la c in g  a  v a r ia b le  r e s is ta n c e  ac ro ss  th e  germanium 

d iodes in  p la c e  o f  R2 In  F ig . I .  T his c i r c u i t  change was n o t t r i e d  by th e
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a u th o r, b u t exp erim en ta l d a ta  taken  on th e  d iode  c h a r a c te r i s t i c s  w ith  and 

w ith o u t th e  p a r a l le l in g  r e s i s t o r  In d ic a te d  t h i s  p o s s i b i l i t y .  I t  I s  doubt­

f u l  t h a t  th e  lo ad  r e s is ta n c e  range can be ex tended ap p rec iab ly  f o r  the  U ma. 

curve because u n d e s ira b le  waveshape d i s to r t i o n  ap p aren tly  beg ins a t  

s l i g h t ly  o v er 22,000 ohms o f  lo ad  r e s i s ta n c e .  This e f f e c t  was n o t v e r i f i e d  

by ex p erim en ta l d a ta  b u t I s  in d ic a te d  by th e  in te r s e c t io n  o f  th e  dashed 

d is to r tio n -b o u n d a ry  curve on F ig . 5 .

The d is to r tio n -b o u n d a ry  curve was determ ined  by oberv lng  th e  o u tp u t 

v o lta g e  wave form on a  ca th o d e -ray  o s c i l lo s c o p e . The o b se rv a tio n s  were 

compared w ith  th e  c u r re n t  cu rves and I t  was found th a t  above t h i s  boundary 

th e  curves sagged beyond th e  c o n tro l  o f  Hg. This curve in d ic a te s  the  

approxim ate l a r g e s t  lo a d  r e s is ta n c e  t h a t  can be used w ith  each  c u rre n t 

w ith o u t n o tic e a b ly  d i s to r t in g  th e  wave sh ap e . The optimum v a lu es  o f  

maximum lo ad  r e s is ta n c e  a re  determ ined  by th e  in te r s e c t io n  o f  t h i s  

boundary curve w ith  th e  re s p e c tiv e  c u r re n t  cu rv e s .

The 5 m a., 6 m a,, and 7 ma. curves were o b ta in ed  w ith  Hg s e t  a t

72,000 ohms. The d i s to r t io n  l im i t s  th e  range o f  lo ad  r e s is ta n c e  f o r  th ese  

c u r re n t  v a lu es  to  such an e x te n t  th a t  feedback  c o n tro l need n o t be v a ried  

f o r  each  in d iv id u a l  c u r re n t  cu rv e . The maximum lo ad  r e s is ta n c e  th a t  can 

be used w ith  the  5 ma. curve l a  16,000 ohms. For th e  6 ma. and 7 ma, 

curves 12,000  and 9,000  ohms re s p e c tiv e ly  a re  th e  maximum v a lu es  o f  lo ad  

r e s is ta n c e  u s a b le . Ttwse v a lu es  a re  each  l im ite d  by th e  d i s to r t io n  

boundary.

No exp erim en ta l d a ta  was taken  f o r  cu rves o f  8 ma. o r  more because



th a  s ig n a l  g e n e ra to r  was In cap ab le  o f  supp ly ing  enough in p u t s ig n a l  v o lta g e . 

Th* d is to r tio n -b o u n d a ry  curve in d ic a te s  th a t  t h i s  c i r c u i t  would have only 

a  sm all range o f  u se fu ln e ss  f o r  c u rre n ts  above 8 a a .  The d i s to r t io n  curve 

in d ic a te s  t h a t  good l i n e a r i t y  cou ld  be approxim ated up to  6 ,000  ohms f o r  

8 ma. and on ly  4 ,000  ohms f o r  9 ma. o f  lo a d  c u r r e n t .

The o p e ra tio n  f o r  each  o f  th e  curves was s e le c te d  f i r s t  by t r i a l  and 

e r r o r  and th e n , a f t e r  th e  u s e f u l  range o f  o p e ra tio n  was found , th e  optimum 

ad justm en ts were made as fo llo w s t

(1) The approxim ate m id -p o in t o f  th e  u s e f u l  lo ad  r e s is ta n c e  range i s  

determ ined  f o r  th e  lo ad  c u r ra n t  d e s i r e d ,

(2 ) The lo a d  i s  s e t  a t  t h i s  determ ined  value  and th e  in p u t  s ig n a l 

l e v e l  a d ju s ted  to  produce the  p ro p e r o u tp u t v o lta g e  to  g ive th e  

d e s ir e d  lo ad  c u r r e n t .

(3 ) The lo ad  i s  th en  s e t  to  th e  range maximum and th e  feedback ad ju s ted  

by Rj u n t i l  th e  d e s ire d  o u tp u t v o lta g e  i s  reached  a t  t h i s  p o in t to  

produce th e  p ro p er c u r re n t  th rough th e  r e s is ta n c e .

These ad justm en ts are  u s u a lly  s u f f i c i e n t ,  however, i t  was found d e s ira b le  

to  check th e  d e v ia tio n  from l i n e a r i t y  a t  th e  th re e -q u a r te r  p o in t  o f  lo ad  

r e s is ta n c e  ra n g e . I f  th e  d e v ia t io n  i s  to o  la rg e  th e  feedback  may be re a d j­

u s te d  to  reduce i t  to  w ith in  a  to le r a b le  v a lu e .

The cu rves a l l  have e  p o s i t iv e  d e v ia t io n  a t  th e  low er v a lu es  o f  lo ad  

r e s i s ta n c e .  This d e v ia t io n  can be reduced i f  i t ' s  e f f e c t s  a re  u n d e s irab le  

by p la c in g  a  1500 ohm v a r ia b le  r e s is ta n c e  in  th e  cathode c i r c u i t  o f  the  

beam a m p lif ie r  in  p la ce  o f  o f  F ig . I .  In c re a s in g  th i s  r e s is ta n c e

- 2 3 -
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lo v e rs  th e  g a in  o f  th e  beam a m p lif ie r  as shown in  F ig . 3 . I f  th i s  

r e s is ta n c e  i s  in c re a se d  th e  power supply  v o lta g e s  must be re a d ju s te d  to  

keep th e  beam -tube p la te  v o lta g e  down and th e  c o n s ta n t-c u r re n t  tube p la te  

v o ltag e  up to  where th e  power supply  v o lta g e  d iv id e s  e q u a lly . This main­

ta in s  th e  d e s ire d  o p e ra tin g  p ro p e r t ie s  o f  th e se  two tu b e s . I f  th e  

o p e ra tin g  range o f  lo ad  r e s is ta n c e  i s  sm a ll, say 8,000  ohms, th e  c i r c u i t  

can be a d ju s te d  as in  ( l ) ,  (2 ) ,  and (3 ) above f o r  t h i s  range and th e  t o t a l  

o v e ra l l  d e v ia t io n  w i l l  be in s ig n i f i c a n t .  An experim en ta l v e r i f i c a t io n  o f  

t h i s  was tak en  f o r  th e  5-raa. curve end found to  g ive  good l i n e a r i t y  f o r  an

8 ,000 ohm range o f  lo ad  r e s i s ta n c e .  The p lo t  o f  t h i s  curve i s  F ig . 6 .

The frequency  used  f o r  th e  curves o f  F ig . 5 was 2 ,000  c p s , This 

frequency  was s e le c te d  because a t  2,000  c p s . th e  c i r c u i t  has h igh  g a in  

and i t  i s  n e a r th e  c e n te r  o f  th e  lo g rlth m ic  frequency ran g e .

The frequency  resp o n ses  f o r  th e  5-ma. and 2-ma, lo ad  c u rre n ts  a re  

shown in  F ig . 7 . and F ig . 8 .  r e s p e c t iv e ly .  The curves r e p re s e n t  the  

d i f f e r e n t  v a lu es  o f  lo a d  r e s is ta n c e  f o r  th e se  c u r re n t  v a lu e s . Load 

re s is ta n c e s  f o r  th e se  curves were s e le c te d  to  r e p re s e n t  th e  e n t i r e  u s e fu l  

range f o r  each o f  th e  c u rre n t v a lu es  u sed . I t  was th o u g h t, by th e  a u th o r, 

to  be unnecessary  to  p lo t  frequency  c h a r a c te r i s t i c s  f o r  each  c u rre n t v a lu e , 

th e re fo re , th e  5-ma. and 2-ma, c u r re n ts  were a e le c te d  as re p re s e n ta t iv e  o f  

th e  h ig h e r and low er v a lu es  o f  lo ad  c u rre n ts  r e s p e c tiv e ly

The d a ta  f o r  th e  frequency  response  curves was tak en  by making th e  

ad ju stm en ts , f o r  th e  c u r re n t  v a lue  s e le c te d ,  as s ta t e d  on page 23 . The 

in p u t s ig n a l  v o lta g e  from th e  s ig n a l  g e n e ra to r  was measured and m ain ta ined
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c o n s ta n t as th e  frequency was v a r ie d  th roughou t th e  e n t i r e  ran g e .

The 5-ma. curves o f  F ig . 7 show a very  good f l a t  frequency  response 

over the  e n t i r e  frequency  range f o r  th e  low er v a lu es  o f  lo ad  r e s is ta n c e .

At the  h ig h e r va lu es  o f  lo ad  r e s is ta n c e  th e  f l a t  p o rtio n  o f  th e  response 

curve becomes more narrow . The frequency range d e s ire d  f o r  t h i s  c i r c u i t  

was 100 to  10,000 c p s . The 3 -db . le v e l  i s  w e ll o u ts id e  th e se  frequency 

l im i t s  ex cep t f o r  the  h ig h e r lo ad  r e s is ta n c e s .  The p o in ts  a t  which the  

o u tp u t v o lta g e  i s  3—d b s, below th e  v o lta g e  le v e l  a t  2C00 cp s , i s  in d ic a te d  

on each curve as th e  3 -d b . l e v e l .  At 10,000 ohms th e  low -frequency 3-db . 

l e v e l  i s  r i g h t  a t  100 c p s . and th e  low -frequency 3-d b . le v e l  fo r  12,000  

ohms i s  a t  103 c p s . This low -frequency response  could  be improved by 

u s in g  a  l a r g e r  r e s is ta n c e  f o r  and a  l a r g e r  b lock ing  condenser in  th e  

feedback  coup ling  c i r c u i t  o f  F ig . I .

The 2-ma. curves o f  F ig . 8 show th e  same g en era l c h a r a c te r i s t i c s  as 

th e  curves f o r  th e  5-ma. lo a d  c u r r e n t .  The low -frequency response could  

be improved in  th e  same way as f o r  the  5-®&. c u rv es . The curves f o r  th e

5.000 ohm in te r v a l s  a re  q u ite  e q u a lly  spaced in  th e  range from 200 to

10.000 c p s . This shows th a t  th e  c i r c u i t  m a in ta in s  i t s  c o n s ta n t-c u rre n t 

c h a r a c te r i s t i c s  very  w e ll over t h i s  range o f  fre q u e n c ie s . The b e s t  

frequency  range f o r  th e  2-ma. curve i s  500 to  7000 c p s . 'IM s i s  Lhe most 

n e a r ly  f l a t  p o r tio n  o f  each  cu rv e . The b e s t  range f o r  th e  5-ma. curve i s  

approxim ately  300 to  7000 cp s .
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StiKKtiiX AND COMCLtiSIONS

The problem  o f  develop ing  & c o n s ta n t-c u r re n t  g e n e ra to r  was es­

s e n t i a l ly  worked o u t by s t a r t i n g  w ith  an a m p lif ie r  w ith  d e s ir a b le  c h a ra c te r ­

i s t i c s  and im proving i t s  g a in  -  lo ad  c h a r a c te r i s t i c  to  be a  c o n s ta n t r a t i o .  

This r a t i o  i s  th e  lo a d  c u r r e n t .  The feedback  c i r c u i t  a lone  improved the  

constancy  o f  th e  g a in  -  lo ad  r a t i o  b u t th e  r e s u l t  d e v ia te d  p o s i t iv e ly  and 

n e g a tiv e ly  about the  d e s ire d  c o n s ta n t v a lue  o f  lo ad  c u r r e n t .  This e f f e c t  

was reduced by adding th e  c o n s ta n t d -c  c u r re n t  dev ice  in  th e  p la te  c i r c u i t  

o f  th e  a m p lif ie r .  The f i n a l  r e s u l t s  s t i l l  d e v ia te  a l t e r n a t e ly  above and 

below the  d e s ir e d  r a t i o  as th e  lo ad  r e s is ta n c e  i s  in c re a se d , b u t th ese  

e f f e c t s  can be l im ite d  to  sm all v a lu es  by use o f  the  feedback  c h a r a c te r i s t i c  

and o u tp u t c o n tro l .  Using t h i s  c o n tro l and th e  proceedure o u tlin e d  w ith ­

in  the  th e s i s  a  very  good approxim ation to  c o n s ta n t c u r re n t  can be o b ta in ed  

w ith  th i s  c i r c u i t .

The lo a d  r e s is ta n c e  range i s  sm all f o r  the  la r g e r  v a lu es  o f  c u r re n t 

because o f  the  l im ite d  o u tp u t v o lta g e  th a t  can be o b ta in ed  from an 

a m p lif ie r  w ith o u t d i s t o r t i o n .  This d i s to r t i o n  occurs from o v e r-d riv in g  

th e  a m p lif ie r  tu b e . The d i s to r t io n  may be reduced by u s in g  a  la r g e r  b ia s  

and a  h ig h e r p la te  v o lta g e  b u t t h i s  would n e c e s s i ta te  u s in g  an o th er power 

supply  f o r  th e  p la te  v o lta g e  so u rc e . The in c re a se  in  lo ad  r e s is ta n c e  

range would n o t be s u f f i c i e n t ly  la rg e  to  w arran t th i s  in  most c a se s .

The l i n e a r i t y  o f  the  o u tp u t v o lta g e  to  lo ad  r e s is ta n c e  i s  very  good 

co n sid e rin g  the  r e s is ta n c e  range f o r  which th i s  c i r c u i t  i s  designed . 

Improvements in  l i n e a r i t y  could  undoubtedly be made f o r  any p a r t i c u la r
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c u r re n t  value a t  some c o n s ta n t In p u t frequency  and v o lta g e .

The frequency response  o f  t h i s  c i r c u i t  le av e s  som ething to  be d e s ire d  

f o r  th e  low freq u e n c ie s  a t  h igh  lo ad  r e s i s ta n c e .  This cou ld  be co rre c ted  

by c a r e f u l  d esig n  o f  th e  r e s is ta n c e -c a p a c ita n c e  coupling  c i r c u i t s  and the  

a m p lif ie r  s ta g e s .  The frequency  response  Ie  very  good a t  th e  midrange o f  

f req u e n c ie s  and a  v a r ia t io n  o f  one o r  two thousand cy c le s  p e r  second 

would n o t change th e  c u r r e n t  l i n e a r i t y  c h a r a c te r i s t i c s  a  g r e a t  d e a l ,

A p r a c t i c a l  u se  o f  t h i s  c i r c u i t  could  be made as shown in  P ig . 9 

where a  s ig n a l  v o lta g e  o f  c o n s ta n t am plitude I s  d e s ire d  f o r  in p u t f o r  a 

v a r ia b le  number o f  o th e r  d e v ic e s . For exam ple, suppose i t  I s  d e s ire d  to  

have a  c o n s ta n t s ig n a l  v o lta g e  o u tp u t from a c ro ss  and Rg as o th e r  

r e s i s t o r s  a re  added to  th e  c i r c u i t .  The c o n s ta n t-c u rre n t g e n e ra to r , as 

d esig n ed , would work very  w e ll f o r  t h i s  ty p e  o f  o p e ra tio n  as long  as th e  

t o t a l  r e s is ta n c e  v a r ia t io n  was w ith in  th e  range c a p a b i l i t i e s  o f  th e  

g e n e ra to r . Another p o s s ib le  u se  o f  t h i s  c i r c u i t  may b e , as an example o f  

N o rto n 's  theorem . N orton ' a theorem s t a t e s  t h a t  a  netw ork, c o n ta in in g  

g e n e ra to rs  and l i n e a r  im pedances, mey be re p re se n te d  as a  c o n s ta n t-c u rre n t 

source  g e n e ra to r In  p a r a l l e l  w ith  the  i n te r n a l  adm ittance o f  th e  g e n e ra to r . 

An example o f  N o rto n 's  theorem  I s  shown In  P ig . 10 where th e  box co n ta in s  

th e  o r ig in a l  g e n e ra to r  which Ie  regarded  as a  c o n sta n t c u r r e n t  source I  

In  p a r a l l e l  w ith  i t s  I n te r n a l  adm ittance G0 , re p re se n ts  a  load  

conductance which may be connected to  th e  netw ork.
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F ig. 10. E xample  of Norton’s t h e o r e m .
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