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Outline 

• Weighted averages (Chapter 7, Taylor) 

• Experiment 3 intro 

• Physics of damping and SHM 

• Experiment 3 objectives 

• Register clickers 
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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 
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Weighted averages (Chapter 7) 

 



Weighted averages 

• X = x =                     where  wi =  
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Two measurements of the speed of sound give the answers: 

uA = (332 ± 1) m/s and  uB = (339 ± 3) m/s.   

What is the random chance of getting two results that show 

this difference? 

Clicker Question 9 

(A)  2 % 

(B)  3 % 

(C)  4% 

(D)  8 % 

(E)  40% 





Two measurements of the speed of sound give the answers: 

uA = (332 ± 1) m/s and  uB = (339 ± 3) m/s.   

What is the best estimate (weighted mean)? 

Clicker Question 10 

(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:  



• Determine the average density of the earth 
– Measure simple things like lengths and times 

– Learn to estimate and propagate errors 

• Non-Destructive measurements of densities, structure–  
– Measure moments of inertia 

– Use repeated measurements to reduce random errors 

• 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? 

• Measure coulomb force and calibrate a voltmeter. 

– Reduce systematic errors in a precise measurement. 

The Four Experiments 



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 

equilibrium position 

(restoring force). 

• If restoring force is ~ 

position, motion is 

easy to analyze. 

FNet 
FNet 



Springs 

• Mag. of force from 

spring ~ extension 

(compression) of 

spring 

• Mass hanging on 

spring: forces due to 

gravity, spring 

• Stationary when 

forces balance 
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Simple Harmonic Motion 

• Spring provides 

linear restoring force 

 Mass on a spring 

is a harmonic 

oscillator 
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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) 



Terminal velocity 

• What is terminal velocity? 

 

• How can it be calculated? 

Action  

Figure 



Falling Mass and Drag 

At steady state:      Fdrag = F gravity 

                                  bvt = mg 

From rest:      y(t) = vt[(m/b)(e-(b/m)t – 1) + t] 



Terminal Velocity 

For velocity:      y(t) = vt[1 - e-(b/m)t] 

. 



Experimental Setup for Falling 

Mass and Drag 

How do you measure velocity? 



Plotting Graphs 

Give each graph a title 

 

Determine independent and dependent variables 

 

Determine boundaries 

 

Include error bars 



Experimental setup 

 

                               spring 

photogate 

 

                           scale (mm) 

 

 

              cylinder 

 

 

photogate 

 

timer 

 

                            piston 

 

 

 

 

 

 

 

valve 

 

holes 

 



Experiment 3: achieve critical 

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 vterminal? 

– Set damping to critical level 

 



Demonstrate critical damping: 

show convincing evidence that 

critical 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 = q/t1/2 

 

 

 
(a)  dP = [(dq)2 + (dt)2]1/2 

(b)  dP = [(dq)2 + (2dt)2]1/2 

(c)  eP = [(eq)2 + (et)2]1/2  

(d)  eP = [(eq)2 + (2et)2]1/2 

(e)  eP = [(eq)2 + (0.5et)2]1/2 



Error propagation 

(1)  kspring = 42m/T2 

skspring =  ekspring * kspring 

ekspring =    em
2

 + (2eT)2 

(2)  kby-eye = m(gDt*/2Dx)2 

sby-eye =  eby-eye * kby-eye 

eby-eye =    (2eDt*)
2

 + (2eDx)
2 + em

2 



Remember 

• Prepare for Quiz 3 and Experiment 3 

• Review ideas - Taylor through Chapter 

9 


