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Outline 

• Testing models, modifying models  

• Review of Gaussian distributions 

• Rejection of data?  

• Determining the relationship between 

measured values 

• Uncertainties for lab 2  

– Propagate errors 

– Minimize errors 



Models 

• Model is a construction that represents a 

subject or imitates a system (invented, 

correspond closely to real world) 

• Used to predict other behaviors 

(extrapolation) 

• Provides context for measurements and 

design of experiments (must be testable) 

– guide to features of significance during 

observation 



Testing model 

• Models must be consistent with data 

• Decide between competing models 

– elaboration: extend model to region of 

disagreement 

– precision: prefer model that is more precise 

– simplicity: Ockham‟s razor 



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 

• 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 
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Accuracy vs. Precision 
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Clicker Question 4 

Referring to the table above, what is the probability that a data 

point differs by 0.59 s or greater? 

(A)38 

(B) 44 

(C) 56 

(D)62 
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Rejection of Data ? 

• Consider series – 3.8s, 3.5s, 3.9s, 3.9s, 3.4s, 
1.8s 

• Reject 1.8s ? 

– Bad measurement 

– New effect 

• Something new 

• Make more measurements so that it does 
not matter 

 

Chapter 6 



How different is the data point? 

• From series obtain 

–      <x> = 3.4s 

–         s  =  0.8s 

• How does 1.8s data point apply? 

• How far from average is it? 

– x - <x> = Dx = 1.6 s = 2 s 

• How probable is it? 

– Prob ( Dx > 2 s) = 1 – 0.95 = 0.05 

 



Chauvenet‟s Criterion 

• Given our series, what is prob of  measuring 

a value 2 s off ? 

– Multiply Prob by number of measurement 

– Total Prob = 6 x 0.05 = 0.3 

 

• If chances < 50% discard 

 

 



Strategy 

• tsus = Dx (in s) 

• Prob of x outside Dx 

• Total Prob = N x Prob 

• If total Prob < 50% then reject 



Refinement 

• When is it useful 

– Best to identify suspect point 

– remeasure 

• When not to reject data 

– When repeatable 

– May indicate insufficient model 

– Experiment may be sensitive to other effects 

– May lead to something new (an advance) 



Rejection of other data points 

• If more than one data point suspect, 
consider that model is incorrect 

• Look at distribution 

• Additional analysis 

– Such as c2 testing (chapter 12) 

– Remeasure/ repeatable 

– Determine circumstances were effect is 
observed. 



Clicker Question 5 
Suppose you roll the ball down the ramp 5 times and measure the rolling times 

to be [3.092 s, 3.101 s, 3.098 s, 3.095 s, 4.056 s]. For this set, the average is 

3.288 s and the standard deviation is 0.4291 s. According to Chauvenet„s 

criterion, would you be justified in rejecting the time measurement t = 4.056 s? 

(A) Yes 

(B) No 

(C) Give your 

partner a time-

out 

 

 
(A) t-score = (4.056 s 

– 3.288 s) / 0.4291 

s = 1.78 s 

(B) Prob  within t-

score = 92.5 

(C) Prob outside t-

score = 7.5 

(D) Total prob = 5*7.5 

= 37.5 % 

(E) < 50%, reject 

 



Useful concept for complicated 

formula 

• Often the quickest method is to calculate 

with the extreme values 

– q = q(x) 

– qmax = q(x + dx) 

– qmin = q(x – dx) 

dq = (qmax - qmin)/2      (3.39) 



• Determine the average density of the earth 

Weigh the Earth, Measure its volume 
– Measure simple things like lengths and times 

– Learn to estimate and propagate errors 

• 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 

• Construct and tune a shock absorber 

– Adjust performance of a mechanical system 

– Demonstrate critical damping of your shock absorber 

• Measure coulomb force and calibrate a voltmeter. 

– Reduce systematic errors in a precise measurement. 

The Four Experiments 



Rotational Kinematics 
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Standard Deviation versus Trial 

Number 
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Remember 

• Read lab description for experiment #2, 

prepare, Quiz 2 

• Read Taylor Chapter 6 through 9  

• Problems 6.4, 7.2, 8.6, 8.10 

 


