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+thonszh a number of matched-i.g.f.e.t.-pair types avail-

able from varicus manufacturerg are poitentially suitvable

A g

for elecirometer applications the typical VGS matching of

50 mV is relatvively poor compared with j.f.e.t.s and no fir
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information an {dv __/47)} is normally given. However, a

sslection procedure has been used to gelect devices with
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VYoliage and temperature coefficients of high value resistors

7 Voltage coefficient Temperature coefficient
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Tn addition to the standard electrometers discussed in

heen used Lo improve various agpects oi electirometer
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Trom these relations, four decades of gain have been
sgtahliaghed: .
Ay = 1 B, = B,
<. < e
A Fi
Ay = 71 Be = 1/10
A o= /100 B! = 1/3100C0
3 . (U4 e PLAy | (JO
A, = 1/10C00 verify the above relation.
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very low input leakage current, while the ampli—
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in A wmust have very low offset voltage.

edback resistance used ig 10 ML and allows
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wasurement from 107404 to 10704,
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vantage of the automatic range switching is that

~wide dynamic range, and yet retains the high accuracy

a lincsr sytem. This system comparaed with others, has
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ter accuracy end smaller thermal drift; this
T
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rier time cdnstant on higher zensitivities;

dimimal size and weight;
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nverts the a. line voltage

O

The powexr transiormer ¢

into a higher or lower (or sometimes equal) a.c. voltage,

depending on the application, and isolates the remainder of
the eircuitzy from the power line. “he transTormer output

is appliecd to a rectifier, which converis the a.c. voltage
TOo a'd,cg'voltag»g ﬁnfcrtunately, the conversion from a.c.
inte d.c. is not perfect, and a certain amount of a.c.
residue or ‘ripple? remains in the output of the rsctifier.

fhe rectifier is usually fellowed by a filter section, which

reduces thisg residuel a.c. component to produce a more nearly

c—i‘

sred d.c. voltage is then applied

(D
o

te an electronic feedback or control circuii, call

regulater, which maintains the d.c. output letage esgentially

constant fox changes in load conditions or variaticns in

Details of transformer, rectifier and filter construction

and cperaticn arve treated in introdu ry books.(19,20)

ot

Therefore, the regulator details ave explained in the >

2.2. Basics of voltage re ﬂLlatlon in d.c. supplies

aintain a constant outputv voltage from a

=i
o
o
H
o
4]
=
o«
o
12

power Supply. two ;a81c devices are mecessary:. a measuring
anit and a regulating uwnit. The purpose of fLe measuring
Cunit is to detect “ﬁy.d=parture in output voltaze ( or
current, if i1t is'a current stabilizer ), from its correct

-



positions in which the measuring unit may be

placed are as shown in ¥Fig. 26, namely

B) " i i cutput
c) o R " in series with the output

In this diegram only one of the two possible positions of
.the reguliating uvnit 1is shown. In order to "explain the
“operation of these arrengements a factor called the

regulator amplification, M, is introduced; this being

ey Vi pom v
i A e ~Rue .
. - A (N — 2
o 2R * A et (0 (U)ot
Y 5 ,3 i , A 4 pg o
e @e v T
] ; i T3 3 L
' - I - €

g. 26 Positions of measuring unit in voltage regulator

Acrosg input ) Across output ¢) In series with load



Gonsideér
coocurs which
drom

dy = av
where dV...is

Ry
wnit. ¥
AT —
Ly =
RU

, v
av = OV
e}
4
WNETE wmomaro
;!T)‘
AV .
Vi
If M is
becones zero
changes.of i

Al t;-c VED

P
R 3t

two dise

TF 1
. Ak e

:
1L M

Gpa;f

- ay

the ¢

8=0.1 and the performance 1is poor. For ideal

- Mav’ 0r e =1 -~ M {(18)

2ba,where a chénge of input voltage QV

{L)

1ts in & change of output voltag: dvo.

{(17)

hange of voltage acros

'rom the definition of rugulafor anplification, M,

ubstituting in eqn.(i7),

ingce the meesuring unit is connectied

is the regulation factor, Rg.

The regulating

ade egual Yo unity then the regulation factor

L the output voltage is independent of

es by 10 per cent to 0.9 then R, beccmes

with ambient. temperature, ageing, etc.

~



N
x

T{ is impossible to savisfy this condition in

51
mu

ice,

b) Changes in load current will cause changes in
output voltage since.reauluu*nb unit will have some
internal resistance, 5in§e changes of current do not

influvence the measuring unit, no correction is wmad

M

¥or these reasons this arrs ng ment ig rarely used. It

&)
ot
®
=]

fnt
w

in fazect an open loop controcl sy

2.2.1.2. Measuring unit across output

bOﬁ :ider the circuit of ¥ig. 26b. As previously,
dV = aV, - av and av Mav

but now the measuring unit is across the output, and hence

av .. = av Thus
"lu s} 3 - us

- Hdvv =3V, - MdV_ or
Iy h e O

A,
SO S S (19)
av, 1+ M ‘
J. -

The regulation factor is now mede small by making M
large, but it con not be made zero without making M infinite.
In spite of this disadvantage the regulation factov is not

critically dependent on M as in the last case, For example

uppose ¥ = 500, Then
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av, = ~dI_R + av

Pyt

P 1“." . - ’ﬁfl
But JRLI 1ad o

e
e
[
(4]
e
9]
o}
-

v, = ~dI_R + MAI - or o m——— =
- - _ at

o]

vy
!

pee)

S

he effective internal resistance is

¥

av
I{' R em  maesemeses

- &t
G

the minus #sign being required because an increase of IO

(E‘.

results in a decreagse in vo“ Hex
R, = R - M | (20)

Thus if ¥ is made esqual to R ih n-the internal resis-
tance R, = O, The arrengemeni has similar disadvantages to

the civcuit of Pig. 2&6a but may be used in conjunction with

In 2 similar way, if thecircuits of Figs. 26 b and ¢

he internal registance is given by

R e M ‘
R N = sm;n—;;-.r,m):::.._ v (21)
o1 aw : |
= 4 Q

where M_ = Regulator amplification of measuring unit in

M_ = Regulator amplification of measuring unit

acress output

u
'_l
<
b0
oY
[}
jot

Again any erzox due. to M, not being equal to R is
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circult becomes simpiified and less expensive to build,

The built up circuit is shown in Pig. 33. Unregulated

.

nigh velioge produced by two voltage doublers ig connected

0

to the cuitput terminal tesgive a stabilis

et

>d voltage V

I

o

v

after padsiﬂg through two control transistors Q1and Q2
and 2 current detector . The output voltage is reduced by
a resistive divider and compared with reference voltage
that is realized by zener diﬁde at the input of the ov-anmp

The voltage difference 1s then amplified by op-amp and is

fed as an error signal to the opiical coupler which is

connected the bases of the seri es control transistors.
If the cutput voltage VO increas beyond the initial
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output velitage devreases to return to the original setting

value and vice versa for the devrease of the output voltage.

in series regulator circuits the current which is
Fed. Thor the' . junctionn between the optical coupler
{(The comparasor output) and the base of the control transis-

tor must be siable., This one is provided by the 01rcui
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Pig. 38 Egingle-phase paralilel quenchec inverter,
&) Simple parallel guenched inverter
MY Pesd Ao 3] 3 b
b) Bridge !

snsuring the guenching of thevccnducting thyristors, and
(a) commubaibing in@uciahce 1L ensuring the correct operation
ocf the qnﬁLéhiﬁg civeuit, This latter may be either of the
coupled or of the uncoupled type. The ouenching—circuit

arrangement may be parallel-type (with the capacitor

e

controlilable elementi), or seriess-type (with the quenching
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capacitor comnected in sy
< xR ¢ T - 1 - =
Connectiong 38 feature parallel guenching, 359 Feature

Inverter connections usually incoxporate feedback
enzure the operation of %the inverter at no-load or
under an inducitaunce~type load by making possible the re-~

verse flow of power between the inverter and the d.c.

3.3, Circuit implementation

Iin this work a driven type of transistor inverter is
built.ug'whioh basically consists of a push~pu11 arrangement.
Here the power amplifiers are driven by a ecrystal conirolled
cseillator and itherefors the frequency is precisely Tixed
at 50 Hz. The output voltage is controlled by the pulse

width modulation,

-

L conventional erystal oscillator CD 4017 decade

dividera. The crvetval Ifrequency is 10 MHz so the resultant

freguency is 100 Hz. Yhis is then fed to a CD 4027 bhisbable

Theze outputs are fed via NAND gates to drivers
- of two series-connected darlington pairs., The
HAND gates are capacitively coupled to the drivers to

pravent one driver conducting should the oscilletor fail.
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hase driver., This

s

pbefore being fed to the inputs of each

e

es of the drivers and therefore

d..
|t
=

élows the switching
reduces the maximunm possible. pulse width of each phase to

elig4§ly less than 1800, ensuring that under conditions of
maximum powex transfer, the current in ome branch begin to

conduct. It also slows the swit ch. ng time from 10 us to
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The power output of the inverter is determined by the
pulse width of the signal fed to the'driver stages. ‘This
ig controlled by error voltages derived from both the output
?oltage and current, A samble of'the_output voltage dis ob=
tained from secondary winding Sl. This ﬁoltage is rectified
by the full wave bridge D3, filtered, and applied to thé
inverting'input of‘oy;amp IC4(a) via the oubtput voltage
| ‘he regulting DC voltage is
compared in the émplifier with a 5.6V reference from D5 to

yield a velitage erroer signal.

ro obtain z.current error signal the supply current to
the output IZransistors is passed through R20 to develop a
voitage prc@ortional'to current. this is averaged and con-

pared with a reference derived from diode D4, which is pre-

Op-amp IC4(b), which am 1j ies the current error signal,

ft

as a

‘:j'

ocrge Teedback capacitor to ensure stabilitly when

“
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The inverier output wave shape is of the form shown.

Fig. 45 The ouiput wave shape of the inverter.

(2}

«2, Concluasions and recommendations

In the overall sys e ems, the choice of the operational

amplifiers in the electrometer tion and the selection
of photomultipiler tube is very imporitant for measuring
the mignals from the 11th and so. on magnitude stars.

In the electrometer, an f.e.t, input stage can be used,
if +the suitable op-amp can nct be obitained. Also the high

value resistors also must have tight tolerance.

The PC  beard just be designed so that it does not
generate the additional noise. The leads of the op-amp
must be zuarded. At the same time the PC board should be

as small as possible. The converter section of the electro-
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