




A car starts from rest at t=0 and accelerates at 3 m/s2 for 10 s.  

It then drives at constant speed for another 10 s.   
 

How far does the car travel? 

 

distance car  

travels = ? 

A.  150 m 

B.  300 m 

C.  450 m 

D. 600 m 



An object starts with v=0 and x=0 at t=0. 
   

If a(t) is as shown below, what is x(t=10 s)? 

a (m/s2) 

-2 
t (s) 4 

 

6 8 

10 

2 

2 

x(t=10 s) =? 

A.  0 m 

B.  4 m 

C.  8 m 

D. 16 m 

E. 24 m 

0 



Can a Boing 767 glide, i.e. fly without engine power?  

A. Yes 

B. Probably, but nobody has tried this yet  

C. No way 



Today: 

 

 

 

 

• Checking Answers 

– Order of magnitude 

– Number of significant figures 

– Units 

• Why units matter:  Air Canada Flight 143 

• Dimensional analysis 







Some Order of Magnitudes: 

Speeds: (m/s) 

108 light, electromagnetic waves, electrons  

 in particle accelerators 

107 electrons in TV picture tubes 

106 comets, stars 

105 planet orbital speeds around the Sun 

104 satellite orbital speed around the Earth 

103 supersonic aircraft, bullets 

102 aircraft, high speed trains 

10  cars, larger animals, birds 

1  rivers, walking 

10-1 ground speed during magnitude 7 earthquake 

10-2 centipede 

10-7 molecular diffusion speeds in liquids 



Some Order of Magnitudes: 

Acceleration: (g=10 m/s2) 

103g car crash  

102g boxing blow to head 

10 g fighter aircraft, ground acceleration during 

 magnitude 7 earthquake 

1g hard braking in car, rockets, space shuttle 

10-1g cars, trains, planes during powered acceleration 

10-2g elevators 

10-5g vibration from passing truck 





Why Units Matter 
 

Air Canada Flight 143, July 23, 1983 



Gimli 





Airplane fuel loads specified in kg.  Fuel pumped in 
liters.   Needed to convert liters of fuel to kg of fuel. 
  

Errors:   
 

 Calculated mass of fuel already on plane  

  = liters of fuel  lb/liter 

 Assumed result was in kg (actually in lb)  

Overestimated fuel on plane by factor of 2.2 
 

Calculated fuel to be loaded  

 = (kg required  kg already on plane)  liters/lb 

   Assumed result was in liters.   
 

Result: total fuel on plane 1/2 that required.   



From the Official Report of the 

Transportation Safety Board of Canada: 

 

"Mr. Bourbeau (Certified Aircraft Technician, 

Category 1) testified that he started off 

himself to make some calculations but he 

was not too sure about what he was doing 

and he was not going so fast and he 

therefore gave up." 

 



From the Official Report of the 

Transportation Safety Board of Canada: 

 

"First Officer Ouellet testified that he started 

to do some calculations but never finished 

them because all the figures got "so 

crowded" that he ran out of paper. "  



From the Official Report of the 

Transportation Safety Board of Canada: 

 

“No one involved in making the calculations 

in Montreal (i.e., neither maintenance 

technicians nor flight crew) seemed to know 

how to convert liters to kilograms." 

 



Contractor 

provided 

thruster 

firing data 

in English 

units while 

NASA was 

using 

metric…  









A mass m connected to a spring of spring constant  k is 

initially displaced a distance x0 from its equilibrium position. 

 

   

 

 
 

Using dimensional analysis, determine a relation between 

the maximum velocity vmax of the mass during its oscillation 

and the quantities m, k, and x0.   Note: [k]=kg/s2  

A. vmax   x0 (k/m) 

B. vmax   x0 k m 

C. vmax = x0 (k/m)1/2 

D. vmax  x0 (k/m)1/2 

E. vmax   x0 (m/k)1/2 

m 

k 
x0 


