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Uncertainty Analysis
* Given the relationship between the known resistors and the unknown resistors,
find the uncertainty in your measurement that is due to the uncertainty in the
values of R, and R, (100€2, +1%).

» Assume that the precision error in decade resistor/Elenco Box is very small.
... However their setting resolution is only I Ohm. Account for this value in the
total error budget.

* How do you account for the fact that the “Elvis” voltmeter only has two digits of
precision in voltage?... -

» Compare this calculated value to the standard

deviation you computed

[ &S
- R

based on your 20 resistors e
[ o .

" sreg -
a® | = L

based on all 80 resistors

» Comment on the manufacturer’s claim as to the accuracy of these resistors.

MAE 3340 INSTRUMENTATION SYSTEMS 23




UtahState - Nedrenospce,

UNIVERSITY  Uncertainty Analys1s (2) rameane
* Precision Uncertainty ... pue 1o Bridge Resistors ...
R,R,

Rx = f(Rl’R2 ’R3) =

K R, R, ]2 2 [ 9 R, R, ]2_ 2 K R, R, ] 2
URX:\/[aRl( R, )J.UR'+|.6R2( R, )J UR:+|.6R3( R, )J UR}

o __RR

R, R}

of _R, [RyRT o (R [R,T
= Uy = ||—=5> " Ug + =2 " Up + =2 - U,

dR, R R Jl an J R, lRlJ R lRlJ R

o R,

oR, R
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URIVERSITY Uncertainty Analys1s (3)

* Precision Uncertainty ... pue 10 Bridge Resistors ...

R R
Rx = f(Rl’RZ’R3) i—

Up R,
Normalize »— =
R R, R

1

MRRT , IRT L IRT ) U (U (U
R | v (k] '”’“J=\/(RT) *(Rz) *(Rz)

Assume Precision Uncertainty of Elenco Box ~ 0

2

X

Elenco Resolution Error —

RX_RZI;R —R, ~R, —>—2R .,—ER _)(l]i?)-'%_i

__ER o _[RR:) R _R _100Q
*“\"R | "R R, 100Q ~1
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URIVERSITY Uncertainty Analys1s (4)

.. Uncertainty Due to Bridge Resistors ...

URL UR; 2 UR: 2 UR_\ 2 UR.. 2 UR_, 2 [ & 2
= [=2) 4 22 4 = )| =2 + + 1,/ = YR,

R, R, R, R, R, R, noio

* How do you account for the fact that the meter only has two digits of

precision

Voltmeter Resolution Error —

U, R ‘R, -R,R,

—_— V — Vex

" (R +R,) (R +R,)

T Ovgtal Muwvetes - 1Y Tme ToT =

RVy

Y9V JOR.

— Resolution Error in Voltmeter Reading

v, —>Errorin R, Due to Voltmeter Resolution Error
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URIVERSITY Uncertainty Analys1s (5)

.. Uncertainty Due to Voltmeter Resolution...

RR -R,R
V =V 1*%*x 2°%3
M “(R1+R2)(R3+Rx)_>

av,, R, ___RR-RR | _ |R(R;+R)-RR +RR,
R (R +R,)(R;+R,) (R +R)(R,+R)| 7| (R+R)(R+R)
RR,+R,R, (Rl +R2)'R3 R,
Vex - 2 = ex 2 =‘/ex 2
(R +R,)(R,+R,) (R +R,)(R,+R)) (R,+R,)

’
| U v, —> Resolution Error in Voltmeter Reading

i Uiy, —Errorin R, Due to Voltmeter Resolution Error

Deace o e L
(T TR . o Coners
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Uncertainty Analysis (6)

Voltmeter Resolution Error —

U, U, (R, +R,)
RV, — - = : = UV
o a‘/M /aRx V R3 ‘/ex ) R3 Y
“(R.+R,)

Normlize Error —

Upy, | (R.+R,) U, 1 (R

X

+R)' U, R (R+R) U,
R, R R, V. R'R R V. R, R'R, V,

X X ex ex
Rl

2
Since—>R =R, — R =R, — Ur, = (2:R) Uy, =4 Yy, For Balanced Bridge
R R-R, V Vv

X ex ex

U, —Resolution Error in Voltmeter Reading

Uiy, —Errorin R, Due to Voltmeter Resolution Error
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Uncertainty Analysis (7)

2

x|

Uk

2 2
1 n
— | +|1,/ — ). R, | +
RZ) (Q n; x)

2

UR.I V.U
R

X

)

U
e
2

)

Uy

2 2
1 n
- +|1,/ — )R, | +| 4
RZ) (Q n; x) (

2

U ‘,.“
v

ex

& RIEFEE EI S
Engiinecring

Resistor Precision Error Elenco Resolution Error
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Voltmeter
Resolution Error
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