Histograms and Distributions
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has the same significance
asthe height F, of the k-th bar in abar histogram



Limiting Distributions
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| | ..y asthenumber of measurements
R approaches infinity, their distribution
f, P approaches some definite continuous curve
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0a| this curveis called the limiting distribution, f(x)




Limiting Distributions

x x+dx a b
b
f(x) dx = fraction of measurements j f (X)dX = fraction of measurements
that fall between x and x+dx ~ °° that fall between x=a and x=b
= probability that any = probability that any
measurement will give an measurement will give an
answer between x and x+dx answer between x=a and x=b

J T f (X)dx=1 normalization condition



The Gauss, or Normal Distribution
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the limiting distribution for a measurement

subject to many small random errorsis bell shaped
- X and centered on the true value of X

|
|
|
|
|
|
|
]

true value
of x

the mathematical function that describes the bell-shape
curveis called the normal distribution, or Gauss function
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~(x-X)?/25% o — width parameter
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The Gauss, or Normal Distribution
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normalize @ %) 207 — _f_ f(x)dx =1
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Gx,a(X) = 1 e—(X—X)Z/ZGZ

o~ 27

standard deviation o, = width parameter of the Gauss function o
the mean value of x = true value X

G,o(®)




The standard Deviation as 68% Confidence Limit
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Example:

A student measures a quantity x many times and cal culates the mean asX = 10 and
the standard deviation as o, = 1. What fraction of his readings would you expect to

find between 11 and 127?
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Prob (within tg)—

Acceptability of a Measured Answer

(valueof X) =X = ©

X - €Xpected value of x, e.g. based on some theory

: Xpest ~ Kex
Xoeq differsfromx,, — t=| SG -
by t standard deviations Prob(outside to) = 1— Prob(within to)
|
T E— s 27 __2P%  <5%- significant discrepancy, t > 1.96
568% | . <1%- highly significant discrepancy, t > 2.58
50% [ ----- / i | i i T
. ' . boundary for unreasonable improbability
o T P I the result is beyond the boundary
0.674 for unreasonable improbability

erf(t) — error function — theresult is unacceptable



Experiment 2

* Devise asimple, fast, and non-destructive method
to measure the variation in thickness of the shell of
alarge number of racquet balls to determine if the
variation in thickness is much less than 10%. @

* Devise amethod to measure the density of the outer
cylinder without damaging the rod so that rods

outside 5% tolerance will not be used in a machine.




~ Momentsof Inertia

R—r° « Both problems can be

R3_r3

solved by measuring the
mass and moment of inertia
of the objects.

For the balls, we need to measure the
variation in thickness.

For the rods, we need absolute
measurements of the density.




Measuring | by Rolling Objects (O

@ racketbal 1. Measure M and R
photogatetimer 2, Using photo gate timer

x, distancebefore ~ MEBUre thetime, t,

*  garting timer to travel distance x

- lling radius R
M9h=%MV2+%Ia)2 energy conservation rofling radius

v

v=Rw rolling radius

v=22 for uniform acceleration




Measuring the Variation in Thickness of the Shell @

1 — | statistical
1. Measurerolling time of oneball [~ |\|—_1Z()g ~X) analysis
many times to determine the

measurement error int > o

2. Measure rolling time of many
balls to determine the total spread

INnt —_— Oy

3. Calculate the spread in time due
to ball manufacture, o\ tacturer OY
subtracting the measurement erfor ——— o, =0 e @ O ovome

4. Propagate error ont into error on

| and then into error on thickness d o, — 0 — Oy
variationint = variation in | = variation in d

measruement




Propagate Error from | tod ()

| = 2 M R-r° measured thickness and
3 3
° R-t1 ‘ radius for one ball
7= r ~ 28.25—4.5mm ~0.841] < d=4.5mm R=28.25mm
R 28.25 mm d=Rr
50
[(0840)=—— = 2172 _ 0571802
MR® 51-2z
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[(0.840) = — . _21 £ ~0.571366 «— Oz <+ ol numericaly
MR® 51-z
0z 0.841-0.840  0.001

o 0571892 -0.571366 0.00526
o0, Ro, RIozo; (28.25mm)(0.572)
d d d da [ 4.5 mm

(1.901)% - 6.826% ~ 6.8%
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Propagate Error fromttol ()
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frompreviouspage | = = -1(~0.572
P bed MR* R° ( 2X° j
ol R?( ght 2( - R?
propagate error o =Eat = | O, :? | + = O,
2 RIZ
work out o t(0'572+ sz o
fractional error  —- = R4
numeically I 0.572 t
(plugl =~ 0.572)
I t
%4 68701 ~ 272




