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SOME HIGH IMPEDANCE CURRENT GEHERATING CIRCUILS

by
° J. H, “bGuire

1)} Introduction

It is often necessary, as in the stabilization of electromagnstic
lens systems and in the use of analogue computers, to apply to a network
a current which is independent of the network impedance, '‘One way of
doing this is to apply to the load, through a very high resistancs, .a
~voltage waveform having the same time characteristic as the required
current waveform, This is obviously inefficient and.is of'ten very
inconvenient as it necessitates the generation of an E,M. P, many times
the potential difference developed across the lcad,

This note ‘describes the basic and practical dezigns of a circuit
which will generate current waveforms with a reascnable ef'ficiency,

'2) Two simple current generating circuits

¥igure 1 illustrates the simple high impedance current generating
circuit which forms the-basis of the various circuits described in this
note, Its performance is analysed in Appendix T where it is showm that
the arrangement of Figure 2 is an equivalent circuit, If Z is
resistive the circuit waveform will be substantially that of ®the applied
voltage waveform, though it may be noted that this may be modlfled
' somewhat 1; Z, is complex, . :

" In cases where the output capacity of the carcult must be 10W and
the source E_ 1is capable of supplylng the output ‘current I,  the o
alternative circuit illustrated in Figure 3 may be used, The generator
E_ will almost certainly constltutc the largest stray capacity to
eérth in either arrangement, ' In Figure 1 this stray capacity will be
connected directly across -the output and can only be charged through -
the’ impedance Z,. In the circuit of Figure 3, however, the stray
capacity of the generator E, will be shunted by the output impedance
of the cathode follower,

The performance of the circuit is substantlally that of Figure 1
and Appendix 1 is applicable provided that-the factor AL E, . be
replaced by (ikb + 1) E, wherever it unpears.

¥here greafer stabllltv of current is required, 1mproved circuits
mey 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 4o and 4b illustrate the usé,as a current
generator, of 'a pentode, the screen grid of .which is malntalned at a
constant potential w1th respect to the cathode, The output current,
in both aircuits, 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 1ndependent of anode voltage, -

Thls type of - 01rcu1t ig -of most practlcal value in generatlng a
constant current and in this case 'E_  1is constant, Z;, being a pure
resistance, One floeting supply may then serve for both E_ and
Vy if a circuit of the type shown in Plgure La is to be used
Such an arrangement is illustrated in Flgure be, o
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! L) Two and three valve current zemerator circuiis

| T

Figure 5 illustrates a 01rculc which iz substantially of the same
design as that of Figure 1 but whlcn has a series valve in the T
j line so thet the potential difference across the cathode follower is
' mainiained nearly constant, S:ane|th.,rv iz no current drain from the

nd

u voltage source Ly a battery may be used o8 111uqtkmuud in the diagram.

: Tt is ghown in Appendix 2 that the arranﬁpwenu of Figure 6 is an
equivalent circuit and thei, in most practical ceaes, the veriation of

i output current with output voltage|is A4 <imes less than with the

!‘ circuit of Figure 7, 4 being the amplification.fector of ‘either valve,

If the output capacity of the|circuit wmust be low ond the source
E, is capc_bla of supplying the ou‘l;,put current I, the alternative
arrengement of E  end Z Gescrived in qu0u10n-2, may again be used,
W The performence will be suostantlallv the gsma and, Tor simllar conditions,

the value of the H'T‘[:+ ut y‘aglzr be reducsd by an amount Ege

; viith either arrengement it might also be convenient to connect the

| lower end of the potential source |E; <o the lower end of Z, and not

w to the valve cathode, B -

. “here it is undesirable to include eny botteries in the circuit a
'stability approaching the order of [the above may be obtained hy

i incorporating a third valve and neon stabiliser tubes, Such a circuit,

w operating on the same principle as|the circuiti. of Figure 5, is 111ustra ed

1 in Migure 7. 4 similar circuit based on the alternative arrangement of

' EO and Z_ would ke cumbersome as it would” requlre a negative supoply

llne in adgltlon to the positive ffﬂ' SUppLly.

5) Currents of oppogite polarity

) If currents of the opposite polerity are required, the load 2Z
in the circuits of Pigures 1-5 may |be placed in series with the %11’
supply., *ith this arrangement the. posltlve side of the HT supply
would be earthed and thus the lower'mnd of the- generator E -viouid be
at a Tixed potential with refere nce to earth, ”he caoacltv of the
generator E, would therefore becqmu unimportent and it would be
pointless to use a modiried errangement of the circuit of Figure 3.

The circult of Figure S:WOuld1be simplified if the lower end of

| the potential source . E; were connected to the lower end of Z..

‘ The potential could then be derived from o potential divider across the
H T line and in these clrcumstﬁnces the circuit of Figure 7 would

be redundant

l6) Conclusiogi

I Seversl current generating circuits have been described and it is
i shown that & practical exumole of output current wavelorm will be
constant, with varlaulons in output voltage, to within 4 per cent for
the’ 51mple circuit and % per cent flor the more complex circuits.

.. Equivalent circuits are glven and it is shown that, if a valve with an
. _amplification factor of 20 is used,| the simple 01rcu1t operating IJrom

\ supplies not excesding 500 volts willl give the same periormance (vithin
limits) as a circuit including a hﬂgh impedance generator of E,ii ¥,
4,500 volts, In the case of the mdr complex circuit, operating from
supplies not exceeding 700 volts the E.H, T, Jof the equlvalent high

’ impedance generetor would be of thel order of 88 v, sgain assuming that

valves with an amplification factor, of 20 are used.
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The circuits of Figures 4¢ and 3 have bhean used successfully to
give constant and impulsive currents respectively in an elsctric '
analogue of heat conduction.
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Apvendix 1.

A simple current generator

If, in the circuit of Figure
and utray capacities are neglected,
load Z is given by

rn"’ME-(L

, the valve is considered to bs ideal
then the current flowing through the

e (1)

I“v

where AL

R-I-(/LH— ) 8ot T

and R are the amplification factor and equivalent = DC

. U
resistance of the velve respectively.

Thus, provided the pote ntlal drop £
rise to such a level that the ﬂoteptlhl aif
to zero,.the circuit will behave as if

(Ea+ﬂj£)Jﬂhmﬂm%MﬂJ@@MNﬁR#(ﬂ#’

The fractional variation of I
Z is small compared with R+ (#4. | );g_

is given by

'd’iéz

w{

across the load Z does not

Terence across the valve tends
it were the generator of an B, M P,
g, (see Figure 2),

will be small provided
and in these .circumstances

with 72

veeees (2)

s Ly
L R+

of such circuits is best described
across the load %2 rather than in

bu ) t,

In many applications of the 01rcu1t the load 2
© and it may not be practicable to evaluate expression 2,

will be complex
The performance

in terms of the potential drop B

terms of Z. It follows from the

equivalent circuit of Figure 2 that provided E is small compared with

Latmbo -

the fxactlonal varlatLon of

I with B is

dﬁf_ t ~ '..I[ . . evenr e (3)
1 Eo .

Thus if a valve with a AL of
HY of 500 volts and E_ has a

typical value of the maximum excurglon of

ME,

20 is used in & circuit with an
constant value of 200 volts then a
E will be 200 volts, On

substituting these values in expre581on 3 it will be seen that the
fractional difference betwsen the current when the potential difference
across the load varies between O and 200 volts is

§
%’Max

CA

&.,%7» '

In the equivalent circuit of Figure 2 the saﬁe potential difference
E would be developed across the load if the gewerator developed an
E.MP, of 4,500 volts and had an internal impedance of {2-+-(/u,1—l )2;0 .

0

Avpendix 2,

An improved current generator

If in the circuit of PFigure 5,
and stray capacities are neglected,
load Z is given by

1= oy a2

B+ afu+)E,

the valves aré considered to be ideal
then the current flowing through the

(/(L+3JR-(-“(}L9'-P,|4.4? NE+2

where AL and R are the amplific

resistance of the valves respe

vonees (8)

ation factor and eqﬁivalent nc
ctively,
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Thus, provided the potential drop E sacross the load Z does not '
rise to such a level that the potential diff'erence across the valve
tends to zero, the circuit will behave as if it were the generator of

an E, M. T, EE_ g+ (A‘ +|) £ e] witu an Znternal impedance

[(#*Q)Rﬁ.(#%ﬂ*‘)zﬂ] see Figure 6,

The variation of I with Z will be small provided Z is small

compared with[{,+a) R+ { w24 w 7 and in these circumstances
is given by L’k &\ {)u M "'."{)5593 _

i%i&.g el , eenee (5)
hd O+ QR+ (pdrpat) 7,
As with the previcus circuit many af)plications will involve

complex loads and in these cases the performance is best described in
terms of E, as follows '

d%ﬁ y R . : | 6)
prT S & iy alpigiy RN (
I Eatm £, 3‘1’/&‘#4-4)50
The order of va:iatioh likely to be encountered in practice may

be found by substituting appropriate values in expression 6, Thus if .
AL = 20, § 4= 700 volts and £p = = 200 volts then for

)
a change in E of 200 volts (%) = 0-23 per cent,
max

In the equivaient circuit of Figure 5 the same potential difference
would be developed across the load if the generator developed an E,MF,

of 88+7 Kv and had an internal impedance of (/u-{.a IR+ (,M'Q-l-/‘.-{— } )Zo .
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FIG.1. A SIMPLE POTENTIOMETRIC CURRENT
. GENERATING CIRCUIT
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FIG.2.  EQUIVALENT CIRCUIT OF FIG.I.

=

FIG. 3. AN. ALTERNATIVE CURRENT GENERATING
' ' CIRCUIT.
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FIG. 4. -PENTODE CURRENT GENERATING
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FIG.5. AN IMPROVED CURRENT

GENERATOR: -
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FIG. 6. - EQUIVALENT CIRCUIT OF FIG.5.
E.

FIG.7 A NEON TUBE STABILISED CURRENT
GENERATING CIRCUITE.
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