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Schedule

Meeting Experiment
1 (Apr 2-6) None (start Taylor)
2 (Apr 9-13) 1
3 (Apr 16-20) 1
4 (Apr 23-27) 2
5 (Apr 30-May4) 2
6 (May 7-11) 3
7 (May 14-18) 3
8 (May 21-25) 4
9 (May 28-June 1) 4
10 (June 4-8) FINAL




Weighted averages (Chapter 7)

We can use maximum Likelihood (?) to
average measurements with different errors.
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Using error propagation, we can determine the

error on the weighted mean: [

What does this give in the limit
where all errors are equal?
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Weighted averages




Example: Weighted Average

Suppose 2 students measure the radius of Neptune.
- Student A gets =80 Mm with an error of 10 Mm and
- Student B gets =60 Mm with an error of 3 Mm
What 1s the best estimate of the true radius?
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this difference?

(A) 2 %
(B) 3 %
(C) 4%

(D) 8 %
(E) 40%

Clicker Question 9

Two measurements of the speed of sound give the answers:
u, =332+ 1)m/s and uz= (339 £ 3) m/s.
What is the random chance of getting two results that show

@ 0.00 001 002 003 004 005 006 007 008 009
0.0 0.0 080 160 239 319 399 478 558 638 717
1 797 876 955 1034 11.13 1192 1271 1350 1428 15.07
2 15.85 16.63 17.41 1819 1897 1974 2051 21.28 2205 2282
3 23.58 2434 2510 25.86 2661 2737 2812 2886 2961 3035
4 31.08 3182 3255 3328 3401 3473 3545 3616 3688 37.59
5 3829 3899 30.69 4039 41.08 4177 4245 4313 4381 4448
6  45.15 4581 4647 4713 4778 4843 4907 4971 5035 5098
7 5161 5223 5285 5346 5407 5467 5527 5587 5646 57.05
8 57.63 5821 S878 5935 5991 6047 61.02 6157 6211 62.65
9 63.19 6372 6424 6476 6528 6579 6629 6680 6729 67.78
1.@ 6875 6923 6970 7017 70.63 7L09 7154 7199 72.43
1.1 587 7330 7373 7415 T457 7499 7540 7580 7620 76.60
12 7699 7737 7775 7813 7850 78.87 7923 7959 7995 8029
13 80.64 8098 8132 81.65 8198 8230 8262 8293 8324 8355
14 8385 84.15 8444 B473 8501 8529 8557 8584 8611 8638
15 86.64 8690 87.15 8740 B87.64 B87.89 8812 8836 8859 88.82
16 89.04 8026 8948 89.69 89.90 90.11 9031 90.51 9070 90.90
1.7 91.09 9127 9146 9164 91.81 9199 0216 9233 9249 9265
1.8 9281 9297 9312 9328 9342 9357 9371 9385 9399 9412
19 9426 9439 9451 9464 9476 9488 9500 9512 9523 9534
20 95.45 9556 9566 9576 05.86 9596 96.06 9615 9625 96.34
21 96.43 9651 9660 9668 9676 9684 9692 97.00 97.07 97.15
22 9722 9729 9736 9743 9749 9756 97.62 97.68 97.74 97.80



a) To check if the two measurements are consistent, we compute:

q=u,-up =339-332="Tm/s
and: o Z\/Gz +0° =3.16 m/s
q A ull
g 339-332
so that: r=—= =2.21
o 3.16

q

From Table A we get that 2.21 sigma corresponds to: 97.21%

Therefore the probability to get a worse result 1s 1-97% ~3%.



Clicker Question 10

Two measurements of the speed of sound give the answers:
u, =332+ 1)m/s and uz= (339 £ 3) m/s.
What 1s the best estimate (weighted mean)?

(A) 336.5 £2 m/s
(B) 336 +2 m/s
(C) 336.5+ 0.9 m/s
(D) 332.7 £ 0.9 m/s
(E) 333 +2 m/s



b) Best estimate is the weighted mean:
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The Four Experiments

* Determine the average density of the earth
 Non-Destructive measurements of densities, structure

* Test model for damping; Construct and tune a shock

absorber

— Damping model based on simple assumption

— Adjust performance of a mechanical system

— Demonstrate critical damping of your shock absorber

— Does model work? Under what conditions? If needed, what more needs

to be considered?



Experiment 3

Goals: Test model for damping
Model of a shock absorber in car

Procedure: develop and demonstrate critically
damped system

check out setup, take data, do data make
sense?

Write up results - Does model work under all
conditions, some conditions? Need
modification?



Simple Harmonic Motion

« Position oscillates if
force Is always
directed towards /r
r- . _ \ Net
equilibrium position Fyes

(restoring force).
* If restoring force is ~

position, motion is NWVWWWVE
easy to analyze.




Springs

* Mag. of force from
spring ~ extension E
(compression) of S
spring X=X,

« Mass hanging on
spring: forces due to
gravity, spring

« Stationary when F. . =F

G S
forces balance

mg = kx Action

Figure




Simple Harmonic Motion

* Spring provides
linear restoring force
— Mass on a spring

. . _ z X = xO
IS a harmonic 5 =
oscillator 03 U L WY A W x=0
F=—kx ! 2
d 2 X 0 10 20_» al?me 40 50 60
m— =—kx t
dt
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Damping

Damping force opposes
motion, magnitude
depends on speed

For falling object,
constant gravitational
force

Damping force
Increases as velocity
Increases until damping
force equals
gravitational force

Then no net force so no
acceleration (constant
velocity)

—
Fdamping

F

gravity

bv

VUterminal




Terminal velocity

* What is terminal velocity?

* How can it be calculated?

Action
Figure



Falling Mass and Drag

Force diagram:

. bv
postivey
direction T
¥
mg
At steady state:  Fy,. =F iy

bv, = mg

Fromrest:  y(t) = v [(m/b)(e ™™t — 1) + t]



Terminal Velocity
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For velocity:  y(t) = v[1 - eX®m)]



Experimental Setup for Falling
Mass and Drag

AX -[
Camping
lube — T
Pist
Fina J
adjustment
Wwanvg

How do you measure velocity?



Plotting Graphs

Give each graph a title
Determine independent and dependent variables
Determine boundaries

Include error bars



Experimental setup

photogate

cylinder

photogate
timer

piston

valve

holes



Experiment 3: achieve
damping

 Show/test method

— Determine spring constant, predict critical
damping coefficient

— Determine how damping coefficient
depends on air flow (valve position)
 easy at terminal velocity
* how do you know it's v ?

terminal *

— Set damping to critical level



Demonstrate damping:
show convincing evidence that
damping was achieved

Demonstrate that damping is critical
— No oscillations (overshoot)

— Shortest time to return to equilibrium
position



Clicker Question 11

What is the uncertainty formula for P if
P = g/t'?

(@) dP =[(5q)? + (dt)7]*>
(b) 8P =[(5qg)* + (26t)2]*2
(c) eP =[(eq)? + (et)?]*
(d) eP =[(eq)? + (2&t)?]*2
(e) eP =[(eq)? + (0.5¢t)2]1/2




Error propagation

(1) k.. =4m2m/T?

spring

— k
cTkspring gkspring kspring

8kspring — \/ 8rn2 T (28T)2

(2) Kpy.eye = M(ZAL*/2AX)?
% kb

cFby-eye — 8by-eye y-eye

8by—eye - \/ (28At*)2 T (28AX)2 T 8m2



Remember

* Prepare for Quiz 3 and Experiment 3

* Review ideas - Taylor through Chapter
9



