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SOME HIGH IMPEDANCE CURREI,TT GENERATING, CIRCUrrS

by

o

1) Introduction

s, H. 1&:::':;:'1.ire

It is often necessary, as in the stabilization of electromagnetic
lens syct.ems and in the use of analogue computers) to apply to a network
a ere-rent, whi ch is independent of the ne twor'k impedance. 'One way of
doing tl:is is to apply to the load, through a very high resistance,.a

, voltage waveform having the same time characteristic as the required
current waveform. This is obviously inefficient and, is often very
inccnvenient as it necessitates the generation of an E. M. F. many times
the potential difference developed across the'load.

This note 'describes the basic and Ilracti,c8.1 de3~"gns of a circuit
which will generate current waveforms with a reasonable ef'ficiency~

2) 'Two simple current genera~~EiL'!ir.'.,?~

Higure 1 illustrates the simple high impedance current fenerating
circuit ,which forms the'basis of the various circuits described in this
note. Its performance is analysed in Appendix 1 where it is shown that
the arrangement of Figure 2 is an equivalent circUit. If Z is
resistive the circuit waveform will be substantialiy,that ofOthe applied
voltage waveform, though it may be noted tha.t this may be modified
somewhat if Zo is complex. ' '

In cases where the output capacity of the circuit must be low and
the source E is capable of supplying the output 'current 'I, the,
alternative c~rcuit illustrated in Higure 3 may be used. The generator
E vlill almost certainly constitute the lw:gest stray capacity to,
e~th in either arrangement. In Figure 1 this'st~ay capacity will be
co~nected directly across ,the output and can only be charged through,
the'inlpedance Z.' In the circuit of Figure 3, however, the 'stray
capacity of the ~enerator Eo will be shunted by the output impedance
of the cathode follovler. '

The performance of the circuit is substantially that of ~'igure 1
and Appendix 1 is applicable provided that the factor ;-IJ_ Eo be
replaced by (M + 1) Eo wherever it. appears.

Vlhere greater stability of current is required, improved circuits
may be developed from those of Figures 1 and 3 by arranging for the
potential drop across the valve to be maintained constant.

3), Pentode' current generating circuits

The circuits of Figures 4a and 4b illustrate the use,as a current
generator) of a pentode, the scr-eengrd.d of,.which is maintained at a
constant potential with respect to the cathode. The output current,
in both: circuits, will be independent of the output voltage to the
extent, that the valve behaves as an ideal 'pentode, i.e. .to the extent
that anode current is independent of anode voltage.

This type of circuit is ,of most practical value
constant current and-tin this, case "E is constant,
resistance; One floating supply'mayOthen serve for
Vii if a circuit of the type shown in Figure ~.a is
Such an arrangement is illustrated in' Figure 4c.

in generating a
Zo being a' pure ,

both E and
'0, '

to be used,
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4) Two and three valve 2~.EE:!!'j;.,~Jer?:!.or ciE?,-~,ts,
I

J:l1i gur e 5 illustrates e. circuit whi.ch iz subrrt..l:1·Gio.llJ" of the same
design as that of }i'igure -j but 'ilhi6h }I..as 2. serie-s vaIve in t he rill
line so t hat the potential differeilce across the ca'chode f'o Ll.ower' is
maintained nearly constant. Since Ithere is no curr-ent dra.in from the
voltage source E:s a bc.ttery may Ie used .as illLlstrc,c"d in 'che d.i.agr-am,

I'c is shown in Append.i,x 2 'chat the arrangeri~e"i1JG of liligure 6 Ls an
equivalent cirelLi t an~. ·~h.?_t, in mo~t practical ce.dos) the variation of
o~tpu~, curr.~~t vuth output v?lt&g:.1 is ~ .. 'CiJ~~8 .l~ss than' ':7.i~1: t he
car-cua t of li'l~gure -I,.A bed.ng '~ne ampLif'ace.:taon .z e.ct or- of, eJ.·cher valve.

11' the output capacity 01' th~ I~ircuit must be low end the source
Eo is c&pable of supplying the output current .r} the alternative
arrangement of E and Z) desc~i~ed in Seccion 2. may again be used.
'I'he performance wfll be sugstantiatly the 0 "m,~ and, ~'or simil<tr condHions,
the value of the H r E+ may agrn be r-educad bJ 2.n amount Eo.

\'ith either arrangement it might .also be convenient to connect the
Lower end of the potential source EE to the Iower end of Zo and not
to the valve cathode. .

"here it is undesirable to include any b:.tteries in the circuit a
. stability approaching the order of!the above may be obtained by

incorporating a third valve and neon stabilisor tubes. Such a circuit,
operating on the same principle as It11e circuit of li'igure 5, is illustra',ed
in li1igure 7. A similar circuit based on the altm....no:cive ar-rangement, of'
E and ZQ, would be cumbersome aci it wouLd .require a negative supply
.l~ne in addition to the positive ~,--r, supply.'

5) Currents of opposi<;e polari~;y_

If currents of the opposite polcri ty are r e quar-ed, 'che 10D.d Z
in the circuits of ~'igures 1-5 may Ibe placed in series rlith the HT
supply. ';lith this arrangement the.i?0sitive side of the H.T supply
would be earthed and thus the Iowen end of the' generator E . wouLd be
at a fixed potential Hith ,referencd to earth. 11he capacit3Pof the
generator Eo would therefore bec6D1e unimpor-tant and it vou.ld be
pointless to use a modified arr-angement of the circuit of E'igure 3... I,

'I'he circuit of iigure 5 'wou.Ld Ibe simi,lif'ied ~ the lower end of
the pot.errt i.e.L source,' f13 were connec t ed ·GO the Lower: end of 20 •

The potential could then be derived from 2. potential divider across the
H ~T. line and in these circumstdnces the circuit of Pigure 7 would

be redundant .

.•

.:

6) Conclusions--------

Severel current generating cir1cuits have been described and it is
shown that a practical exempLe of output current waveform will be
const£~t, vdthvariatio~s in outpu~ voltage, to within ~- per cent for
the: simple ~rc~t .and :~?er cent~lorthe more compl~x circuits. '~,
Equ.ivaLerrt car-cut.t.e are.g~ven·and lot ~s shown that, ~f a valve vzitn an
amplification factor of 20 is used,1 the simple circuit operating from
supplies not exceeding 500 volts w:i!ll give 'che same p er-f'ormance (\Iithin
limits) as a circuit including a high impedance generator of E. i.i. ~'.
4,500 volts. In the case of the more coup.Iex circuit, operati.ng from
suppLi.ee not exceeding 700 volts tlie E. ji.le•. of the equivalent high
impedance generator wouId be of thel or-der- of 88 Kv, age.i.n assuming that
valves wi.th on o.rnplifica·cion factor of 20 are uaed,
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The circuits of Figures 4c and' 3 have bOO3D used successfully to
give constant and impulsive currents reEpectively in an electric
analogue of heat conduction;
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Appendix_1. A simple current generator

I .
If, in the circuit of }~gure 11, the valve is considered to be ideal

and stray capacities are neglected, .bhen the cur-rent flowing through the
load Z is given by

.'

(1)..... 11 •1 :: E;,ll' -t ,AA. E.. tt'

R+Y.l+ tj u'o+ 7;-

where Al and R are the &IlDlifi)ation factor and equivalent' DC
resistance of the valve-respebtively.

Thus, provided the pote,~tial bop E across the load Z does not
rise to such a level that the ~otehtiul difference across the valve tends
to zero" the 'cireuitwill beha;e as if' it were the generator of an E.1i. F.
( t, (l +- Al E. ) i7ith an internal imPedance R+. (1\1 ... , )~o (see Figure 2).

, ' ,- 0 I' f .

The fractional variation of [ with Z will be small orovided
Z fs sma.Ll. compared with it.,. (J4-"" ) %. and in these ,cifcumstanc0s
is given by 0

.. • . •• (2)

......

.I>t. ~.

.. R.;~+I)r..
In many applications of the circuit the load Z vall be complex

and it may not be practicable to e~aluate expression 2. The performance
of such circuits is best describedlin tenns of the potential drop E
across the load Z rather than in t.erms of Z. It follows from the
equiva~ent circuit of Fig~'e 2 that orovid~d E is small compared with
C...-I"A.(,.O ,the, fr~ction.l Vji;"tion of I with E is

~c. :r; _~II •
~ e.Or~;£o

;,

"

':1

Thus if a valve wi,th a)J.. of 20 is used in. a circui t with an
H.r. of 500 volts and E has a constant value of 200 volts then a

typical value of the maxim8m excursion of E will be 200 volts. On
substituting these ,values in expre~sion 3 it will be seen that the
fractional difference between the burr-ent when the potential difference
across the load varies between 0 and 200 volts is

.,
• 'I·

In the equivalent circuit of ~igure 2 the same potential dii'fe:rence
E would be developed across the load if the gffilerator developed an
E. M. P. of' 4,500 volts and had an irtt ernal impedance of R + (}l- +- I )~ •

. Appendix 2. An imprdved current generator

If in the circuit of Figure 5, the valves are considered to be ideal
and stray capacities are neglected, then the current flowing through. the
load Z is 'given by

.1 't: E.++,«Ca + IU.()J+f) 1:0

<.fe~aJR~r;;1'-+i)%.,,+ 4
where ~ and R are the amplification factor and

resistance of' the valves respebtivel~T.

.......
equivalent DC



Thus, provided the potential drop E across the load Z does not
rise to such a level that the potential difference across the valve
tends to zero, the circuit will behave as if H were the generator of
an E.M.F.EE..+-i:lU-E.a+,AL(P.+I)I:'

e
] I"r1";i;, nn :,nternal impedance

[()A-+~}R+y..'rJ'l-+1)2J see ~"igure 6.
The variation of I with Z will be

~omp~ed with (j,;l'--+~)R"t ( ....."'+,.At +.)~ J
a.s gaven by .I " ..

small provided Z is small
and in these circumstances

...... (6)

!....

As with the previous circuit many applications will involve
complex loads and in'these cases the performance is best described in
terms of E, as f'o.l Lows

GI~E tC; -I

.t..4+.fL~5+~+~) E;,
The order of variation likely to be encountered in practice may

be found by substituting appropriate values in expression 6. Thus if,
A = 20, E..+= 700 volts and Eft = E.. = 200 volts then for

a change in E of 200 volts (t) 'max = O' 23 per cent.

In the equivaient circuit of Figure 5 the same potential difference
would be developed across the load if the generator developed an E. 11. F.
of 88'7 Kv and had an internal impedance of (Jl+d. )R+ Cj.t.'+JA+. )Zo'

roo



-,

E

---""l . _fb
--

FIG.I. . A SIMPLE ,'POTENTIOMETRIC CURRENT. .

GENERATING CIRCUIT

1.- _

. FIG. 2. EQUIVALENT CIRCUIT OF FIG. I.
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FIG. 3. AN· ALTERNATIVE CURRENT GENERATING
CIRCUIT.
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FIG. 4 a. FIG.4b. FIG.4c.

FIG.4. ·PENTODE CURRENT GENERATING CIRCUITS.
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FIG.5. . AN' IMPROVED CURRENT GENERATOR: .:
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EQUIVALENT CIRCUIT OF . FIG. 5.
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.FIG. 7. A NEON TUBE. STABI LISED CURRENT

GE.NERATING CIRCUITfJ.




