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Outline

* How scientific knowledge progresses:
— Replacing models
— Restricting models

« \What you should know about error analysis
(so far) and more

 Limiting Gaussian distribution
e EXp. 2
 Reminder




Models

* Invented
* Properties correspond closely to real world
e Must be testable



How Models Fit Into Process of
Doing Science

e Science Is a process that studies the world by:
— Limiting the focus to a specific topic (making a choice)
— Observing (making a measurement)
— Refining Intuitions (making sense) Creating
— Extending (seeking implications) Predicting
— Demanding consistency (making it fit) Refining or Replacing
— Community evaluation and critique

o Start with simple model



How Models Change

* |If models disagree with observation,
we change the model

— Refine - add to existing structure
— Restrict - limit scope of utility
— Replace - start over




Refining

 Original model consistent with
observations, but not complete

e Extend model to account for new
observations

* May Include new concepts

e.g. Model of Interaction between charged
objects; to include interactions between
charged & uncharged add concept of
Induced charge



Restriction

 New model correct In situations where
old isn’t

 New model agrees w/ old over some
range

= Old still useful in limited range

e.g. General relativity vs. classical
gravitational theory



Replacement

 Old model can’t be extended
consistently

* Replace entire model

= Earlier observations provide limits for
new model

e.g. Geocentric vs heliocentric models
for solar system




Random and independent?

Yes No

Estimating between * End of ruler screwy
marks on ruler or meter ° Read_ing meter from
Releasing object from the side (speedometer

e effect)
rest

_ o  Scale not zeroed
Mechanical vibration Reaction time delay
Judgment o Calibration

Problems of definition o Zero



Random & Independent errors:
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Propagation in formulas

Independent
Propagate error in steps
For example:  First find
X P=y—-~2
- y—1 D =/(8)* +(62)?
 Then | g= X
p




An Important Simplifying Point

1
h=>gt?
> g
g = 2h/t*,oh/h =5%, & /t = 0.1% | Requires random & ind. errors!
2 2
XN _ \/(@j +(2§j e Often the error is
g h t dominated by error in
5/9 = \/5%2 +(2x0.1%)Y least accurate
5/9 = 0.050039984 = 5% measurement

= Simplifies calc.

= Suggests improvements
In experiment




Error Propagation
oq = q(xbest'l'ax) — q(xbest)

dq depends on:
1) 8x
2) q(x)
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General Formula for error propagation

For independent, random errors
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Analyzing Multiple Measurements

* Repeat measurement of x many times
» Best estimate of x Is average (mean)




Repeated Measurements
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How are Measured Values
Distributed?

 [f errors are random
and independent:

— Expect most values
near true value

— Expect few values far
from true value
= Assume values are
distributed normally

— Number measurements
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Normal Distribution

T T

Number measurements
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Error of an Individual Measurement

 How precise are
measurements of x?

o Start with each value’s
deviations from mean

 Deviations average to
Zero, so square, then
average, then take
square root

e ~68% of time, x; will
be w/in o, of true value
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Take o, as error in
Individual measurement -
called standard deviation




Standard Deviation
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Drawing a Histogram

1. Determine the range of vour data by subtracting the
smallest number from the largest one.

2. The number of bins should be approximately
v N and the width of a bin shonld be the range divided
by vN.

3. Make a lhist of the boundaries of each hin and
determine which bin each of vour data points should fall
11t

4. Draw the histogram. The v axis should he the
number of values that fall into each bin.

5. Sometimes this procedure will not produce a
good histogram. If vou make too many bins the his-
togram will be flat and too few bins will not show the
curve on either side of the maximum. You might need
to play around with the number of bins to produce a
hetter histogram.



Error of the Mean

* EXxpect error of mean Standard Deviation of
to be lower than error the Mean (SDOM)
of the measurements or
it’s calculated from Sta”da(;g Error

* Divide SD by square

t of her of Standard Error of the

root of number o Mean
measurements

 Decreases slowly with O, =0, / A/N

more measurements




Summary

e Average

X:_in
\

e Standard deviation

O,= \/ﬁ;(xu -X)°*

e Standard deviation of the mean

o,= o, [N



The Four Experiments

 Non-Destructive measurements of densities, inner

structure of objects
— Absolute measurements vs. Measurements of variability

— Measure moments of inertia
— Use repeated measurements to reduce random errors



Ex'pe;‘imefnt 2

* Devise a simple, fast, and non-destructive method
to measure the variation in thickness of the shell of
a large number of racquet balls to determine 1f the

variation 1n thickness 1s much less than 10%. O




: Z Racquet Balls
- N qlﬁ_? We should check
=5 ¥y ~ if the variation in

d 1s much less
than 10%.




Moments of Inertia

5 .5
@ I =%M§3 ?3 Problem can be solved by
_

We want R-7 to much less than 10%. I\/Ieasuring the mass and

moment of inertia of the balls

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



~ Measuring I by Rolling Objects ()

X .

L @ racketball 1. Measure M and R
D photogate fimer 2 Using photo gate timer
measure the time, 7.

h x. distance before

1 e
™ starting timer to travel distance x

1 5 1 5 . rolling radius R’
Mgh = EMv‘ + EI.&J‘ energy conservation i

v=R'® rolling radius >
¥ = 2x for uniform acceleration
i
Mgh ——1=3(M+ ! )
g | R;E
b 2% T
g"‘ " r? Mr?




The Gauss, or Normal Distribution

2 2 +o
normalize e_{x_X) [20 — j__ f(x)dx =1

1 e—(x—X)z/2o'2

G _
T

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

G o (x)

Yagil



% Measuﬁng the Variation in Thickness of the Shell O

« 1. Measure rolling time of one N i1 Z[ & _;)_ Statisnf:al
ball manv times to determine n=1 SRR
) y —_—
the measurement error 1n £,
Ojﬂ?é‘ﬂﬁ'“?'éﬂi’éﬂf t
« 2. Measure rolling time of one_ball
many balls to determine the —— N
total spreadin ¢, o, ,
« 3. Calculate the spread in time |_|J_|_|—’—L|_|—|
due to ball manufacture, _tb 2
. a
Gmanufacmre-ﬁ b}r subtractmg the -
measurement error C ol = st b L S——
4. Propagate error on 7 into g, —s O — O

error on / and then 1into error variation in 7 — variation in J/ = variation in

on thickness d

r L .F .r 3




Table A. The percentage probability,
Prob(within ta) = [} oGy (x)dx, A

t — X - X as a function of £ - X-to X X+iwo
- o () o000 001 002 003 004 005 006 007 008 009
X 00  0.00 080 160 239 319 399 478 558 638 717
1 7.97 876 955 1034 1113 1192 1271 1350 1428 1507
2 15.85 16.63 17.41 1819 1897 1974 2051 2128 2205 2282
3 23.58 2434 2510 2586 2661 2737 2812 2886 2961 3035
4 31.08 3182 3255 33.28 34.01 34,73 3545 36.16 3688 3759
5 3829 3899 3960 4039 4108 4177 4245 4313 4381 4448
6  45.15 4581 4647 4713 4778 4843 49.07 4971 5035 5098
7 51.61 5223 5285 5346 5407 5467 5527 5587 56.46 57.05
8 57.63 5821 5878 5935 5991 6047 6102 61.57 6211 62.65
9 6319 6372 6424 6476 6528 6579 6629 6680 67.29 67.78
=1 1.@ 68.75 6923 6970 70.17 70.63 7109 7154 7199 7243
1.1 TI87 7330 7373 7415 7457 7499 7540 7580 7620 76.60
1.2 7699 7737 TIIS 7813 TRS50 TR.BT  79.23 7‘9.59_ 79.95 20,29
13 80.64 80.98 8132 81.65 8198 8230 8262 8293 8324 8355
14 8385 84.15 8444 8473 8501 8529 8557 8584 8611 86.38
15 86.64 8690 87.5 8740 87.64 8789 8812 8836 8859 88.82
1.6 89.04 8076 8948 89.69 89.90 90.11 9031 9051 9070 90.90
17 91.09 9127 9146 9164 9181 9199 9216 9233 9249 92.65
1.8 9281 9207 9312 9328 9342 9357 9371 9385 9399 94.12
19 9426 9439 9451 0464 9476 9488 9500 9512 9523 09534
20 9545 9556 95.66 9576 9586 9596 9606 96.15 9625 96.34
21 96.43 0651 96.60 96.68 9676 9684 9692 97.00 9707 97.15
p. 287 Taylor 22 9722 9729 9736 97.43 9749 9756 97.62 97.68 9774 97.80

Yagil



Table A. The percentage probability,
Prob(within 1) = [5. 12 Gy (x)dx, _Ah

as a function of t. X—ro X X+ro

0.00 0.01 0.02 0.03 0.04 0.05 0.06 007 0.08 0.09

0 000 080 160 239 319 399 478 558 638 717

1 797 876 955 1034 1113 1192 1271 1350 1428 1507

2 1585 1663 1741 1819 1897 1974 2051 2128 2205 2282
. 3 2358 2434 2510 25.86 2661 2737 2812 2886 29.61 3035
f=1.47 4 3108 31.82 3255 3328 3401 3473 3545 3616 3688 37.59
5 3829 38.99 39.69 4039 41.08 4177 4245 4313 4381 44.48
6 45.15 4581 4647 4713 4778 4843 4907 4971 5035 5098
7 5161 5223 52.85 5346 5407 54.67 5527 5587 5646 57.05
8 57.63 5821 S878 5935 5991 6047 6102 6157 6211 62.65
9 63.19 63.72 6424 6476 6528 6579 6629 6680 6729 67.78
0 (6827 6875 6923 6970 7017 7063 7109 TL54 7199 72.43

1 72.87 7330 7373 7415 7457 7499 7540 7580 7620 76.60
76.99 7737 7775 7813 7850 7887 7923 7959 79.95 80.29

80.64 8098 8132 81.65 8198 8230 8262 8293 8324 8355

14 8385 8415 8444 8473 8501 8529 85. @ 86.11 8638
15 B86.64 8690 B87.15 8740 §7.64 87.89 8812 8836 8859 88.82
1.6 89.04 8926 8948 89.69 8090 90.11 9031 9051 9070 90.90
17 91.09 9127 91.46 91.64 9181 9199 0216 9233 09249 0265
1.8 92581 9297 9312 9328 9342 9357 9371 9385 09399 94.12
1.9 9426 9439 9451 09464 9476 9488 9500 9512 9523 9534
20 9545 9556 9566 9576 9586 9596 9606 96.15 9625 96.34
21 96.43 9651 9660 9668 9676 9684 9692 9700 9707 97.15
22 9722 9729 9736 9743 9749 9756 97.62 9768 9774 97.80
-9 0T oL o7 o o7 a7 o8 i OR T R 12 oR 17 (1= o Qs 27 Q& 37

Yagil



Remember

Lab #2

Read lab description, prepare

Read Taylor through Chapter 6 & 7
Problems #6.4, #7.2
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