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Clicker Question Tune-up: This is much like physics! 

A man can mow his lawn in 1 hr. His son, who likes to 
smoke the cut grass, takes 2 hrs. to mow that lawn.  
If they work together, how long will it take to mow the lawn? 

a) 3.0 hrs. 
b) 1.5 hrs. 
c)  45 min. 
d)  40 min. 
e)  30 min. 

Why? Can’t really guess this answer! 
Need algebra – and insight into what adds 
together when they work together. 

What adds together is their lawn mowing rate. 

Man: rate = 1 lawn per hr. = 1 lawn/hr. 
Son: rate = 1 lawn per 2 hr. = 1 lawn/2 hr. = ½ lawn/hr.  

(speed) 

Total: rate = 1½ lawn/hr. = 3/2 lawn/hr. = 3 lawns/2 hr.  

Now what?  Want time/lawn!   It’s 2 hr./3 lawns = 2/3 hr./lawn 
             How long is 2/3 hr. = (2/3 hr.)(60 min./hr.) = 40 min. 

 (= 1)



Introduction and 
Mathematical Concepts 

Chapter 1 



1.2 Units 

Physics experiments involve the measurement 
of a variety of quantities. 

These measurements should be accurate and 
reproducible. 

The first step in ensuring accuracy and 
reproducibility is defining the units in which 
the measurements are made. 



1.2 Units 

SI units 
meter (m):  unit of length 

kilogram (kg): unit of mass 

second (s): unit of time 
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1.2 Units 

The units for length, mass, and time (as 
well as a few others), are regarded as 
base SI units. 

These units are used in combination to  
define additional units for other important 
physical quantities such as force and  
energy. 



1.3 The Role of Units in Problem Solving 

THE CONVERSION OF UNITS 

1 ft = 0.3048 m 

1 mi = 1.609 km 

1 hp = 746 W 

1 liter = 10-3 m3 



1.3 The Role of Units in Problem Solving 



Example 1  The World’s Highest Waterfall 

The highest waterfall in the world is Angel Falls in Venezuela, 
with a total drop of 979.0 m.  Express this drop in feet. 

Since 3.281 feet = 1 meter, it follows that  

Ratio of two identical distances: (3.281 feet)/(1 meter) = 1 

 
979.0 meter =  979.0 meter( ) 3.281 feet

1 meter
⎛
⎝⎜

⎞
⎠⎟
= 3212 feet
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1.3 The Role of Units in Problem Solving 

Example 1  The World’s Highest Waterfall (Again) 

The highest waterfall in the world is Angel Falls in Venezuela, 
with a total drop of 979.0 m.  Express this drop in feet. 

What if you can’t remember 3.281 feet in a meter? 
What do you remember?  Perhaps 1 inch = 2.54 cm (yes?) 

Also, 12 inches = 1 foot,  and 100 cm = 1 m. 

Since 3.281 feet = 1 meter, it follows that  

 
1m = (1 m) 100 cm

m
⎛
⎝⎜

⎞
⎠⎟

1
2.54

inch
cm

⎛
⎝⎜

⎞
⎠⎟

1
12

ft
inch

⎛
⎝⎜

⎞
⎠⎟
= (1 m) 100

(2.54)(12)
ft
m

⎛
⎝⎜

⎞
⎠⎟
= 3.281ft

 
979.0 meters =  979.0 meters( ) 3.281 feet

1 meter
⎛
⎝⎜

⎞
⎠⎟
= 3212 feet

 = 1  = 1  = 1



1.3 The Role of Units in Problem Solving 

Reasoning Strategy: Converting Between Units 

1.  In all calculations, write down the units explicitly. 

2.  Treat all units as algebraic quantities.  When  
identical units are divided, they are eliminated  
algebraically. 

3.  Use the conversion factors located on the page 
facing the inside cover.  Be guided by the fact that  
multiplying or dividing an equation by a factor of 1 
does not alter the equation. 



1.3 The Role of Units in Problem Solving 

Example 2  Interstate Speed Limit 

Express the speed limit of 65 miles/hour in terms of meters/second. 

Use 5280 feet = 1 mile and 3600 seconds = 1 hour and  
3.281 feet = 1 meter. 

 = 1

 
Speed =  95 feet

second
⎛
⎝⎜

⎞
⎠⎟
= 95 feet

second
⎛
⎝⎜

⎞
⎠⎟

1 meter
3.281 feet

⎛
⎝⎜

⎞
⎠⎟
= 29 meters

second

 
Speed =  65 miles

hour
⎛
⎝⎜

⎞
⎠⎟
= 65 miles

hour
⎛
⎝⎜

⎞
⎠⎟

5280 feet
mile

⎛
⎝⎜

⎞
⎠⎟

 1 hour
3600 s

⎛
⎝⎜

⎞
⎠⎟
= 95 feet

second

 = 1

 = 1



1.3 The Role of Units in Problem Solving 

DIMENSIONAL ANALYSIS 

[L] = length     [M] = mass     [T] = time 

Is the following equation dimensionally correct? 

 
L⎡⎣ ⎤⎦ =

L
T

⎡

⎣
⎢

⎤

⎦
⎥ T⎡⎣ ⎤⎦

2
= L⎡⎣ ⎤⎦ T⎡⎣ ⎤⎦



1.3 The Role of Units in Problem Solving 

Is the following equation dimensionally correct? 
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1.4 Trigonometry 

Pythagorean  theorem: 



1.5 Scalars and Vectors 

A scalar quantity is one that can be described 
by a single number: 

speed, mass, temperature  
   (-10°C?)  

A vector quantity deals inherently with both  
magnitude and direction: 

velocity, force, displacement 



1.5 Scalars and Vectors 

By convention, the length of a vector arrow is 
proportional to the magnitude of the vector. 

Arrows are used to represent vectors. The 
direction of the arrow gives the direction of the 
vector. 

   

F1

  F1 = 4 lb
  F2 = 8 lb

   

F2


