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Homework 3 :

3.17. Inorder to determine the power dissipated across a vesistor, the current flow and resistance:
values are measured separately. If / = 3.2 A and R = 1000  are measured values,

determine the uncertainty if the following instruments are used:

Instrument  Resolution  Uncertainty (% of reading)

Voltmeter F.OmV 0.5%
Ohmmeter 1.0 0. 1%

Ammeter

Assume.V.  =1-R=3200V

_AC voltage

“DC voltage

"Diode Test
~AC current

"DC current
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0.1 A 0.5%

nom

P_p B Ammeter
B Ohmmeter

Ammeter
P=17T
Voltmeter

e Which method is more
Accurate?

e What is largest contributing
Error source?
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P=I"R

Assume.V,,  =1-R=3200V

Hints:

Use Error Propagation Formula:
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Engineering

Ammeter

Ohmmeter

Ammeter

Voltmeter

/P 1V

Z=f(xyuv)/

2
U, = U +U, 5—f) (W
y ov

UJ% = ( x —resolution )2 + (Ux —uncermmty)

— Uf ( —resolution )2 + (U —uncertamty)

Jo
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HW 3.17 (2)

 Ammeter, Ohmmeter Method First

P—I>.R_s Ammeter
Ohmmeter

oPY oP Y =21
—U, = (—j -U,2+(—j U — ol —

ol OR 8_P_12

OR
2 2 2\2 2

Uy _ |RLRY USHE) UL 4(@(@
P (12-R)2 I R
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HW 3.17 (3)

e Ammeter, Ohmmeter Method

UY (U Y Ammeter Uncertainty and
= \/ 4 (le +(—Rj Resolution are Independent
Error Sources .. RSS

Up
P

nom

e Current Measurement Error ...

ol 0.5%
( U J (61 Jz (61 )2 TUm;erlaint\' - 100 B .005
! -— — +| — = ]
Irwm I Uncertainty I Resolution 6_1 — O'IA’"P — 03125
1 Resolution 3-2 Amp

9 2
(Zf )z (0'5%) o 2w | _ 003125
T om 100/ (32

“Amp
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HW 3.17 (4) SR

e Ammeter, Ohmmeter Method

Up
P

nom

+(7]

2

Ohmmeter Uncertainty and
Resolution are Independent
Error Sources .. RSS

e Resistance Measurement Error ...

o
R R Uncertainty

0.1%
100

()

MAE 3340 INSTRUMENTATION SYSTEMS

J

> 5 6_R = 0.1% - .001
) +( 6_R ) . R Uncertainty 100
R Resolution 6_R —_ I.OQ = .001
R Resolution IOOOQ
10, |
0 J =0.001414
1000,
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HW 3.17 (5)

e Ammeter, Ohmmeter Method

2

2
I 05% > 0.1,

> > L ; .~ 0.0010
U, _\/4(ﬂj “{ﬁj I 100 3.2,
Pnom I R 2 0 2 2
RT_01% 10
R 100 1000
S

0
(40.001+2-10 °) ~ =0.0633 (6.33%)
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HW 3.17 (6)
e Ammeter, Ohmmeter Method

o L[0T (%) 40001 +2:10 9

5

Pnom I
=0.0633 (6.33%)
I 11 5.0\ ] ¢ _
2-0.5
2-5—1 — 0.01
I Uncertainty \ 100 %
( A
J 2-0.1
. — — ¥
2 I Resouwrion | | N 32/ | 0.0625 _)Ammeter resolution
6_R ( E ) 0.001 error is greatest contributor
R Uncertainty 100
OR
— (i) 0.001
| R Resolution b 1000 ] = -
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HW 3.17 (7)
Ammeter, Voltmeter Method Next
P=I.V Ammeter
Voltmeter
OP
oP Y oP Y a )
—U, = (—j -U,%(—j U,* — —>
ol oV oP _ I
oV

Up

e R

nom
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HW 3.17 (8)
e Ammeter, Voltmeter Method
U, (ﬂ jz N (ﬁ jz Ammeter Uncertainty and
P \\1 v Resolution are Independent

Error Sources .. RSS
® Current Measurement Error ...

o 0% _ g5

(U,) (6[ )2 (6] )2 I Uncertainty 100
—_—t | = — +| — —_
I I Uncertainty I Resolution g — 0']‘Amp _

=.03125

I Resolution 3 .2 Amp

I 100

32,

) 2
(ﬂ)z \/(0-5%] +£0'1Amp) —0.03125 Same Calculation as earlier
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HW 3.17 (9)

e Ammeter, Voltmeter Method

UY (U} Voltmeter Uncertainty and
= \/ (le +(7Vj Resolution are Independent
Error Sources .. RSS

Up
P

nom

* Voltage Measurement Error ...

: : v =0% _ 005
(U v ) (SV ] (SV ) V Uncertainty 100
—r | = —_— +| — =
V V Uncertainty V Resolution Q — 1 ’ 10_31/0[;‘,- — 3 125 . 10—7
V Resolution (3 '2Amps . IOOOQ)

2 -3 )
(ﬁ} (0.5%) L 1107, 0005
% 100 (3.2 4y, - 1000,,)
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Y HW 317 (o
e Ammeter, Voltmeter Method
=l 2: 0-5% 2+ 0-Liwy =0.0010
U, :\/(ﬂjz_l_(&jz R I 100 3.2 4 2
B 1 4 T 08% T 110% s g
% 100 (32, 1000 )

o[98 - 0001 + 2.5 10 9" =00m a1
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HW 3.17 (6)
e Ammeter, Voltmeter Method

U, U, 2 U, 2 5 0.5
:\/(—) +(7j — (0001 +2.5- 10 ) =0.0321 (3.21%)

P Il

nom

| 11 (os) |t 7
= ) 0003 /
I Uncertainty

2.0.1 yd
ol (—) 0.03125

I Resoutiion 3.2 Ammeter resolution
= = %
oV ( 0.5 j 0.005 error is greatest contributor
V Uncertainty 100
SV -3
— [ 10 J 3.125x107"
i vV Resolution | 3 2 -1000 - -
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HW 3.17 (9)

_| e Voltmeter- Ammeter method 1s most accurate

Engineering

0.5
(0.001+2.5-10 °) ~ =00321 (321%)

6 0.5
(40.001+2-10 ) =0.0633(6.33%)

_| e Ammeter, Ohmmeter Method

Ammeter resolution

error is greatest contributor
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