Errors= Uncertainties

X=Xy TOX
measured value of x T \ uncertainty or error
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estimating uncertainties
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T=24+0.1s

| =9.2+0.1cm



Significant Figures

g = 9.82+ 0,02385 m/s?
g =9.82+0.02 m/s?

Experimental uncertainties should be rounded to one significant figure
(to two significant if the leading digit in the uncertainty isa 1)

g=9.82+ @M@/m/sz

g =9.82+0.014 m/s’

Thelast significant figure in any answer should be of the same order of magnitude
(in the same decimal position) as the uncertainty

0 = 982378+ 0.02 /S’

g =9.82+0.02 m/s’
g =9.82378+ 0.02385 m/s’ — g=9.82378+0.02 m/s’ — g=9.82+0.02 m/s”
v=6051.78+32 m/s - v=6051.784+30 m/s - v=6050+ 30 m/s




Propagation of Uncertainties
Uncertainty in a Sum

A B C

X = Xy T OX o X o' o
g

Y= Yot TOY - g

4= X+ Y = (Xooq TIX) + (Voo TIY)
= (Xoes T IX) + (Yoes +0Y) = (Koot + Vo) + (5% +5Y)
qmin :(Xbest _5X)+(ybest _5y):(xbest + ybest)_(5X+5y)
:(Xbest+ybest)i(5x+5y) Ghest = Xoest T Yoest
g = Oy £ OQ /5q=5x+5y

this equation overestimates oq because
overestimate of x is accompanied by overestimate of y

50 = \/ 5X 5y) «— quadratic sum

(T
correct uncertainty in asum for
Independent random errors ox and oy



Uncertaintiesin Sums and Differences

X= Xq TOX
Y = Voex Y
q=X+Yy q=X-y
et = Yoo + Yioos et = Yoo — Yios
50 = \/§x +(Sy)? 50 = \/§x +(Sy)



Fractional Uncertainties

X=X, g TOX

fractional uncertainty =

Xoest|

Example:

| =30+ 0.3cm

ol 03cm

lee] 30cCm

=0.01



Uncertaintiesin Products
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Example
Find momentum of a body with mass m= 0.53+ 0.01 kg
moving with velosity v=9.1+ 0.3 m/s

p=nmv=053x9.1=4.823kg-m/s

om 0.01

m 053

oV _ 0.3 0,03
v 91

2 2
op_ \/(5—”‘] + (ﬂj - J0.02% + 0.0 = 0.04
P m Vv

op=0.04p=0.04x4.823=0.193 kg- m/s
Pp=4.82+0.19 kg-m/s

T

always indicate units

=0.02




Arbitrary Functions of One Variable

94 a(x)

e d
) 5q=q(xbw+5x)—q(xba)=—q5x
Oest 04
Orin 5q= —q O X

X
= X
Xy —OX 4 Xpog TOX
Xoest

Example

Find side a of asquare with areaS= 25+ 2 cn??.

a=+/S=+25=5cm

da 1 1
oJa=|—|0S=—=0S= 2=0.2
*=las 24/S 2./25 o

a=50+0.2cm




General Formulafor Error Propagation

q=a(x,y) o
partial derivative of q
Obest = Q(Xbest, ybest) with respect to x

19 19
q(xbest +0X, Yoest +5Y) — q(xbest’ybest)—l_a_jax_l_@q&y

extreme values of q; q(xbeq,ybagt)i(%5x+ %5yj

OX oy
oq oq
oq=|—|oxX+|—|o
a OX oy Y

?

overestimated for independent ox and oy

2 2
- o) (5] |~
OX oy

for independent random errors ox and oy




Example

| =10+0.1m
h a=20+3
Find h.

h=1I-cosa =10-c0s20° =10-0.94=9.4m

2 2

on=( D+ P

ol oa always use radians when calculating the
oh errors on trig functions
— = Cosar ——
ah o= =L P 005rad
—=I|-(-sina) 360 l
oa

sh=(cosar-81Y +(1-(~sina) - dar)’ = \/(0.94- 0.1)° +(10-[-0.34]-0.05)" =02 m
h=94+02m




Notations

va’+b’=a®b  shorthand notation for quadratic sum

guadratic sum = addition in quadrature

for independent random errors  6x <> o,

T

c = (sigma) = Standard Deviation



