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Examplﬂ 4.13 Find the voltage reading and

% error of each reading obtained with a voltmeter
on (i) 5 V range, (ii) 10 V range and (iii) 30 Vrange,
if the instrument has a 20 KLYV sensitivity and is
connected across Ry, of Fig. 4.8 (a).

Solution The voltage drop actoss R, without the
: Fig. 4.8 (a)
voltmeter connected is calculated using the voltage

equation
R 3 5k =5ﬂx5k
XV =Te sk S0k

45k+5k

=5V

V.th'—'_'h_'_-

R, + Ry,

On the 5 V range
R =erangc-——*1ﬁkﬂx5\f’= 100 kQ
"

M:M:-@Eﬁﬂ.mm
Ry = R, + R 100k +5k 105k
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The voltmeter reading is

R
VR, = —9_xy=—2T0K _s50=4782v
R,+R,  45k+476k

The % error on the 5 V range is
Actual voltage — Voltage reading in meter
Actual voltage

% Error =

x 100 =

=w 0'25]\va100=4.34%

On 10 V range
R, =S x range = 20 kQ/V x 10 V = 200 kQ
_R,XR, 200kx5k

= = =4.87 kQ
“ R, +R, 200k+5k
The voltmeter reading is
487k
VR, = — =———— x50=4.88

® R, +R, 487k +45k ¥
S5V-488V

The % error on the 10 V range = _SV—' % 100 =234,

On 30 V range

R"’=erangc=20kQNX30v=600k

_Rme,, _600kx5k=3000k><1k
@R 4R, 600k+5k 605k _ +95k

"

The voltmeter reading on the 30 V range
oy 495Kk
R, +R, 45k +4.95k

VR, = X50=4.95
The % crror on the 30 V range

5V =495V x|00=(5)'—0V5X|00=|"0
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Q.6b
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pko inpuwt susstomce R: ir yuud- ?«,mm tHaw (Retp,)

Suppose  Re + Ry = 9.3 kn 2 £:35vR Vg:=0V

Aen T = E- Vee
Re 4 Ry

S -0.7
93x?
046 mna .

|
®
"

-
o

This swduckon an cwvent Tg U om ol . o elindwds
His powon we hauve to we Jwo Liawbitoss as shewn
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But Ve, = € - Vg, Ve, = Vge
\! = (E — VQE‘ s VCEQ_)
\j s E - VBE' - VBEl

V= O -07+07
T'\f: BVM;-}

So we get Juld nputvwagcm oubput- owo/:thu‘
losges ose emeweol’ ﬁ

Q.7.

Differentied volgmeluy

differevitio) voltmeler techwiue £ one of dhe mosk
commm omd accets yebhoels of mucwuﬁrﬁ nknown
volrages  Jn Piu echwigue the volbmueles B wied to
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Vo

Considerations tn e)«oos&g o a.w:ﬂ%—
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(8) Dectbles :- Mo cover o fosge Suauge of volkage
dhe wse of cdeclble scale very e fuld

B oo In dectbles.
(4) SWMM)VS Bomdwidh -  Note is Mothing .
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©) Baltoy opesslion: ~ ) vottmetor powered oy an tnkornal
& poc Cushent rueeswiemods o -

—

Cwvernk measwtemerds cam be made. sensifiine ﬁﬁ an
oC volbmido € o sodes swalios.

(0 Por e mooswement , o mefer with widest
Cﬂp&buﬂq mm:ﬁri? Gﬁ{ the reguirements of dhe
Ciseeth hows lo be chomen .

1) pog ac  reasusernevits mose  Senaffiue mmetir bou
1o be ewp!némctt

The

L) R peak swesponcling Volmetis with a olfode
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W
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Q.8.

AC VOLTMETER USING RECTIFIERS
Rectifier type instruments general)

arrangement. Silicon diodes are preferred because i

: i of th -
and l.ug_h forward cyn;nt ratings. Figure 4.16 (a) gives ::; ;?xle;,m cuit
consisting of a multiplier, a bridge rectifier and a PMMC movement,

Y use a PMMC movement along with a rectifi

Fig.416  (a) ac voltmeter (b) Average and RMS value of current

The bridge rectifier provides a full /

wave pulsating dc. Due to the inertia of

the movable coil, the meter indicates Linear

a steady deflection proportional to the Region
average value of the current (Fig. 4.16 )

(b)). The meter scale is usually calibrated P Hﬁgﬁar g
to give the RMS value of an alternating -1 Forward Voltage il
sine wave input, | / 13

Practical rectifiers are non-linear Fig. 416 (c) Diode characterist
devices particularly at low values of (Forward) -
forward current (Fig. 4.16 (c)). Hence the 2
meter scale is non-linear and is generally c;ow.d_eq at the lower :I::eotfia :‘0
volimeter. In this part the meter has low sensitivity beca:luse othe tcmgerd'
"esistance of the diode. Also, the diode resistance depends on (he [empEriiis

The rectifier exhibits capacitance
Properties when reverse biased, {md
ends 1o bypass higher frequencics.
' meter reading may be in error by
> much ag 0,5% decrease for every |

“1ise in frequency. o 4
o BCNCTal rectifier type ac voltmele General rectifier type ac voltm
“rangemeng jg given in Fig. 4.17. Fig. 47




|AT-1 Solutions (El)

Diode D, conducts during the positive half of the input cycle and cayg..
meter to deflect according to the average value of this half cycle, Ty,
movement is shunted by a resistor, R,,, in order to draw more current thrgug?l::
diode D, and move the operating point into the linear portion of the ch o
curve. In the negative half cycle, diode D, conducts and the current throug),
the measuring circuit, which is in an opposite direction, bypasses the ety
movement,

ACVOLTMETER USING HALF WAVE RECTIFIER 413

If a diode D, is added to the dc voltmeter, as shown in Fig. 4.18, we have an a;
voltmeter using half wave rectifier cir-

cuit capable of measuring ac voltages.

The sensitivity of the de voltmeter is
given by

Re=10k D

.F'fw =1ma
BT =10 Vs
Sae= Wlgy=11mA=1kQ ]
A multiple of 10 times this value
means a 10 V de input would cause Fig. 418 ac voltmeter using
exactly full scale deflection when con- half wave rectifier
nected with proper polarity. Assume
D, to be an ideal diode with negligible forward bias resistance.
replaced by a 10 V rms sine wave input. The voltages
due to the +ve half cycle due to rectifying action,
The peak value of 10 V rms sine wave is

Rnp=1000

If this dc input s
appearing at the output is

E,=10Vrmsx 1414 = ]4-I4Vp¢ak
The de will respond to the average value of the ¢ input therefore

Eoy= Ep % 0.636= 14.14 % 0,636 = 3 99\,
Since the diode conducts only during the positive hy

Ife
over the entire cycle is one half the average value of 3_991{??, tf?r: average value
Therefore, the pointer will deflect fora full scale i1 | » 1.€. about 4.5 v,

: ; . O0Vde; :
when a 10 Vrms sinusoidal signal is applied. This Meang thiu:g applied and 4.5V
not as sensitive as a de voltmeter,

an ac voltmeter is
As Ey=045%E,

The value of the multiplier resistor can be caleulate ay



|AT-1 Solutions (El)

AC VOLTMETER USING FULL WAVE RECTIFIER 4.1

Consider the circuit shown in Fig. 4,20. The peak value of 2 10 V rms signal
E,=1414XE_
=1.414 x 10 = 14.14 V peak

Average value Is
E,, =0.636 X E o,
=14.14x0.636=8.99V
=9V
Therefore, we can see that a 10 V rms voltage is equal to a 9 V dc for full sci
deflection, i.e. the pointer will deflect to 90% of full scale, or
Sensitivity (ac) = 0.9 x Sensitivity (dc)

fier

Fig, 420 ac voltmeter using full wave recti



