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ELECTROTECHNOLOGY
ELTK1100
ASSIGNMENT #8
SOLUTIONS
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Fy =N1 =260t x 5A = 300At

6. Resistance is the opposition of an electric circuit to electric current flow and
reluctance is the opposition of a magnetic circuit to the production of flux. Therefore
resistance and reluctance provide the opposition in Ohm's Law and Magnetic Ohm's
Law, respectively.
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7. (a)

For 10mA range 50 mA
lesp = 200A when 10mA is input 1.0004Q
Vs = Vum = Ium * Rum 25 mA
— ANAN——9
= 20}JA * 2500Q = 0.05V 2.002Q
lgy = ITV— lyy = 10mMA - 20pA = 9.98mA 2 10 mA
0.05Vv !
Rey = =2 = - 5.01Q 3 5.010
o, 9.98mA
For 25mA range /‘\
lesp = 20uA  when 25mA is input
Vgy = 0.05V i 20 A, 2500 O
Iy = 17 = Ly = 25mA - 20pA = 24.98mA
4
Ry = - = 005V 50020
lg, 24.98mA
For 50mA range V (V) I R(Q)
lesp = 200A  when 50mA is input = .05 10 mA -
Vg, = 0.05V )
lgy = Iy = Iy = 50mA - 20pA = 49.98mA | MM || 005 20 pA 2500
Vv SH | 005' |998mA? | 501°
Ry = - = 905V __ 400040 =
lsy  49.98mA For 10mA range
(b)
50V
25V
N 10V
@
o/ 497.5kQ  750kQ 1250kQ
20 A, 2500 Q
©
For 10V range For 25V range
lesp = 20uA when 10V is input lesp = 20pA when 25V is input
v v
_= 212 10V 50040 o= T - BV a50k0
I  20pA I 20y
Rs1 = Rr = Rum Rsy = Rr = Ruy — R
= 500kQ - 2500Q = 1250kQ - 2500Q - 497.5kQ
= 497.5kQ = 750kQ
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For 50V range
lesp = 20uA  when 50V is input

=T - 29V _ 2500k
A

Rss = RT - RMM - Rs1 - Rsz
2500kQ - 2500Q - 497.5kQ - 750kQ

- 1250kQ 2
8.
For I.s, = 500pA
v
R, = —T - 1SV _ 30000
Iy  500pA

Ryr = Ry - Ry, = 3000Q - 2000Q = 1000Q

For half-scale |5, = 250pA

Vi _ 15V
lysp 250pA
REXT = RT - RMM - RINT

= 6000Q - 2000Q - 1000Q
= 3000Q

R; = = 60000

For quarter-scale Il,g, = 125pA

V.

R, = —T = 15V _ 120000
IQSD 125 A

REXT = RT - RMM - RINT

12000Q - 2000Q - 1000Q

= 9000Q 2
V(v) I (RA) R(Q)
T 15 500 12000 *
MM 500 2000
INT 500 1000
EXT 500 9000 2

For quarter-scale position

ELTK1100 Marine Institute

V (V) I (uA) R(kQ)
T 50 20 2500
MM 20 2.5
s1 20 4975
s2 20 750
s3 20 1.25°2

For 50V range

D

500 pA, 2000 Q L

15V —

______________
,,,,,,

S

500 pA, 2000 Q L
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Multirange Ammeter.

For the 1% range, there is no shunt resistor.
~ The range is the meter movement's
sensitivity l.gp = 1 MA.

For the 2™ range.

5mA

2.5 mA
PV Y e —

250

66.67Q

Maximum — FSD — |,,, = 1TmA

VSH2

ISH2

Ve _

01V

RSH2

66.67 Q

= 1.5 mA

= Vi = iy * Ry = 1MA * 100Q = 0.1V

\*LmA

1mA, 100 Q

It = Dy + lgyp = 1MA + 1.5mA = 2.5mA

For the 3" range.

Maximum - FSD - I,,, = 1TmA

L

]

Vs = Vims = Iy * Ry = 1MA * 100Q = 0.1V
Vv

g = -2 = 0V _gpp 2
Res 250

Iy = by + lgus = 1MA + 4mA = 5mA

3

10. Ohmmeter.
For quarter-scale Ing, = Va Irg, = 0.25mA
v
R, = T - 19V _ o000
losp 0.25mA
Rexr = Rr = Ruwm — Ry
= 6000Q - 100Q - 1400Q
= 4500Q 2
V (V) I (mA) R(Q)
T 1.5 1 6000 '
MM 1 100
INT 1 1400
EXT 1 4500 2

For quarter-scale position

ELTK1100

Marine Institute

V (V) I (mA) R(Q)
T 0.1 53 20
MM 0.1 1 100
SH 0.1 42 25
For 3" range
1 mA, 100 Q L
1.5V —
RINT
1.4 kQ
A Roa ] B
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11.  Single-range Ammeter M
2.0410

Y2 scale reading should be 25mA if 50mA scale.
Maximum — FSD — |I,,, = 1mA

Vg = Vi = lyy * Rypy = 1MA * 100Q = 0.1V
v
Iy = -3 = 01V 4oma 2

Rgy  2.041Q 1 mA. 100 O
I; = by + lgy = 1MA + 49mA = 50mA 3 ©) ’ ©)
You should prove it. V (V) I (mA) R(Q)
I = 2 lesp = 0.5mA 1 -
Vs = Vum = lum * Rum T o >0 2
= 0.5mA « 100Q = 0.05V MM 0.1 1 100
_ Vsw _ 005V _ 24.5mA SH | 01’ 492 2.041

|.. =
Ry, 2.041Q

F Iculating A t
I = Iy + lsy = 0.5mA + 24.5mA = 25mA or calculating Ammeter range

If I.sp = 1TMA, then |, = 0.5 mA is half scale deflection (l,sp). If the scale is set up so that
lesp points to 50 mA, then |,,gp must point to 50mA/2 = 25mA, which is the correct reading.

12.  Single-range voltmeter.

A
Maximum — FSD > I, = 20uA \’D 1997 50
Ry = Ry + Rs = 2500Q + 4997.5kQ = 5000kQ 20 A, 2500 O
V, = I, R, = 20pA * 5000kQ = 100V 2

%4 scale reading should be 75V if 100V scale. V (V) | (uA) R(kQ)
You should prove it. T 1002 20 5000 '
hwm = 7 lgsp = 15HA MM | 0.05 20 2.5

R; = Ryy + Rg = 2500Q + 4997.5kQ = 5000kQ S 99.95 20 49975

V; =1 R; = 15pyA = 5000kQ = 75V
For calculating Voltmeter range

If I.sp = 20pA, then |, = 15 pA is three-quarter scale division. If the scale is set up so that
lesp points to 100V, then I, = 15 yA must point to 75V, which is the correct reading.
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13. (a)

A
For 10V range \/_D ;3;5
lesp = 1MmA  when 10V is input 1 mA, 100 Q
V.
R, = -7 =19V _ 4ok
I;  1mA
Ruw = Ry - Ryy = 10kQ - 100Q = 9.9kQ R; = 15kQ + 10kQ = 25kQ
R, Vv, = 0K, 25v - 10v
AN 25kQ
¥ 15k0 10kQ | 10kQ = 5kQ
R; = 15kQ + 5kQ = 20kQ
25V R2§10kQ 5kQ
V, = *x 28V = 6.25V
3 20kQ
R % error - actual - measured| 100%
AN :r ———————— \I actual
. 15kQ | | |10V - 6.25V‘ . 100%
| ! 10V
659 R, §10kQ | Reter | 10kQ! = 37.5%
' |
_ | :
— / )
(b) L 49.5kQ
0.2 mA, 500 Q
For 10V range
lesp = 0.2mA when 10V is input
Vr _ 10V 50kQ | 10kQ = 8.33kQ
R; = — = ——— = 50kQ R; = 15kQ + 8.33kQ = 23.33kQ
I; 0.2mA 8.33k0
Ruyy = Ry - Ry = 50kQ - 500Q = 49.5kQ 2~ 2333k0) * 25V = 8.93V
R % error - actual - measured| 100%
AN fmo— o \I actual
| -
. 15kQ i | _ |10V - 893V 400%
| | 10V
R, §10kQ | Rmeter | SOKQ! = 10.7%
| |
- ' |
, J

[ p————— N —

(c)  The voltmeter steals current from the circuit, therefore the resistance of the
voltmeter must be high as compared to the resistance the meter is measuring
(Rimeter > Rineasured)- S0 the part (b) voltmeter (10.7% error) is better than the
part (a) voltmeter (37.5% error).
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