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Course Necessities

• It is aimed that the students to learn and apply basic concepts of mechanics.

• Each week the first course day is going to be assigned for lecturing and the second for 
recitation.

• Grading will be done according to following criteria: 40% of Mid-Term + 60% of Final

• Do not hesitate to ask question during the class. It might be helpful to understand subject 
better not only for you but also for your peers.   

• Each student should have a functional calculator (since it will be used in the coming  
years preferably CASIO)

• Attendance to 70% of lecture is required

• Office # 350



Course Content

• Physical Units and Metric Prefixes

• Vectors and Vector Operations

• One / Two Dimensional Motion

• Newton’s Laws of Motion

• Work-Energy Principle and Conservation of Energy

• Momentum

• Angular momentum

• Static Equilibrium



Textbooks

• Physics for Scientists and Engineers/ John W. Jewett ; Raymond A. Serway

• Fundamentals of Physics/ David Halliday ; Robert Resnick, Jearl Walker.

• Physics : Principles with Applications/ Douglas C. Giancoli.

• University Physics/ Hugh D. Young ; Roger A. Freedman.



PHYSICAL UNITS 

& 

METRIC PREFIXES





Examples of units Base quantity

metre (m), centimetre (cm),  kilometre (km), foot (ft), inch (in)Length

kilogram (kg), gram (g)Mass

second (s), minute (min), Hour (hr)Time

Conversion factors:

Length 
1m =100 cm = 0.001 km = 3.28 ft = 39.37 in

Mass
1 kg =1000 g

Time
1 hr = 60 min = 3600 s

( meter - kilogram - second = MKS system )













Conversions of area and volume units 
Area Units
1m =100 cm
(1m) 2=(100cm) 2 1 m2=10000 cm2 = 104 cm2

1m =1000 mm
(1m) 2=(1000mm) 2 1 m2=1000000 mm2 = 106 mm2

--------------------------------------------------------
1cm=10 -2m
(1cm) 2=(10 -2m) 2 1 cm2=10-4 m2

1mm=10 -3m
(1mm) 2=(10 -3m) 2 1 mm2=10-6 m2

--------------------------------------------------------
That is,
• m2 to cm2 multiply by a factor of 104  

• cm2 to m2 multiply by a factor of 10-4  

• m2 to mm2 multiply by a factor of 106  

• mm2 to m2 multiply by a factor of 10-6  



Volume Units
1m =100 cm
(1m) 3=(100cm) 3 1 m3=1000000 cm3 = 106 cm3

1m =1000 mm
(1m) 3=(1000mm) 3 1 m3=1000000000 mm3 = 109 mm3

--------------------------------------------------------
1cm=10 -2m
(1cm) 3=(10 -2m) 3 1 cm3=10-6 m3

1mm=10 -3m
(1mm) 3=(10 -3m) 3 1 mm3=10-9 m3

--------------------------------------------------------
That is,
• m3 to cm3 multiply by a factor of 106  

• cm3 to m3 multiply by a factor of 10-6  

• m3 to mm3 multiply by a factor of 109  

• mm3 to m3 multiply by a factor of 10-9  



Example 1: Convert the following units

1 tera =  …..  mikro
0.3 kilo      =  ..…  mili
0.7 giga     =  …..  Piko
0.5 mega  =  …… nano
0.6  mili     =  ……  mikro
1 mikro     =  ……. piko  



Anwers of Example 1

1 tera =  1x1018 mikro
0.3 kilo      =  0.3x106 mili
0.7 giga     =  0.7x1021 Piko
0.5 mega  =  0.5x1015 nano
0.6  mili     =  0.6x103  mikro
1 mikro     =  1x106 piko  



Example 2: Convert the following units

1 mikro =  …..  tera
0.3 kilo      =  ..…  mega
0.7 nano    =  …..  giga
0.5 nano  =  …… tera
0.6  mili     =  ……  tera
1 mikro     =  ……. kilo  



Answers of Example 2

1 mikro = 1x10-18 tera
0.3 kilo      = 0.3x10-3 mega
0.7 nano    = 0.7x10-18 giga
0.5 nano  = 0.5x10-21 tera
0.6  mili     = 0.6x10-15  tera
1 mikro     = 1x10-9 kilo  



Example 3: Convert the following units

100 m2 =…. cm2

100000 cm2 = ….. m2

0.5 m2 = ….. mm2

100000 mm2 =…… m2

10 m3 =…. cm3

1000000 cm3 = ….. m3

0.5 m3 = ….. mm3

1000000 mm3 =…… m3



Answers of Example 3

100 m2 = 100x104 cm2 =106 cm2 
100000 cm2 = 100000x10-4 m2 =10 m2

0.5 m2 =  0.5x106 mm2 =5x105 mm2

100000 mm2 = 100000x10-6 m2=0.1 m2

10 m3 = 10x106 cm3 =107 cm3 

1000000 cm3 = 1000000x10-6 m3 = 1 m3 
0.5 m3 =  0.5x109 mm3 = 5x108 mm3 

1000000 mm3 = 1000000x10-9 m3=0.001 m3 = 10-3 m3 



Conversion of quotient units
Example 4: Convert the following units

100 m/s = …. cm/s
1 cm/h     = ….. m/s
10 m/s2 = …. cm/s2

0.1 cm/h2     = ….. m/s2

10 kg/m3 = …. g/cm3

0.1 g/cm3     = ….. kg/m3



Answers of Example 4

4

6

2 2

11
2 2

3

3 3 3

3

3

100100 10000 10
1

1 11 2.78 10
3600 100
10010 1000
1
1 1 10.1 7.72 10
3600 3600 100
1000 110 0.01
1 1000000
1 10000000.1
1000 1

m cm cm cm
s m s s

cm hr m m
hr s cm s
m cm cm
s m s
cm hr hr m cm
hr s s cm s
kg g m g
m kg cm cm
g kg cm
cm g





  

   

 

    

  

  3 3100 kg
m m





Basic Vector Operations

Both a magnitude and a direction must be 
specified for a vector quantity, in contrast to a 
scalar quantity which can be quantified with 
just a number. Any number of vector 
quantities of the same type (i.e., same units) 
can be combined by basic vector operations.
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SOME EXAMPLES 
on

UNIT CONVERSIONS and VECTORS







10 cm/h2        = ….. m/s2

100 kg/m3  = …. g/cm3



7 nano    = 7x10-18 giga
50 nano  = 50x10-21 tera

7 nano    = …….. giga
50 nano  = ……… tera

0.05 mega  =  0.05x1015 nano
6  mili        =  6x103  mikro

0.05 mega  =  …….. nano
6  mili        =  …..…  mikro
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What are the x– 
and y–components 
of the vector

A. Ex = E cos , Ey = E sin 

B. Ex = E sin , Ey = E cos 

C. Ex = –E cos , Ey = –E sin 

D. Ex = –E sin , Ey = –E cos 

E. Ex = –E cos , Ey = E sin 

Q1.1




E?
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A1.1
What are the x– 
and y–components 
of the vector



E?

A. Ex = E cos , Ey = E sin 

B. Ex = E sin , Ey = E cos 

C. Ex = –E cos , Ey = –E sin 

D. Ex = –E sin , Ey = –E cos 

E. Ex = –E cos , Ey = E sin 
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Consider the 
vectors shown. 
Which is a correct 
statement about

Q1.2

 
?A+ B

  A. x–component > 0, y–component > 0

  B. x–component > 0, y–component < 0

  C. x–component < 0, y–component > 0

  D. x–component < 0, y–component < 0

  E. x–component = 0,  y–component > 0
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A1.2

Consider the 
vectors shown. 
Which is a correct 
statement about 

?A+ B

  A. x–component > 0, y–component > 0

  B. x–component > 0, y–component < 0

  C. x–component < 0, y–component > 0

  D. x–component < 0, y–component < 0

  E. x–component = 0,  y–component > 0
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Q1.3

Consider the 
vectors shown. 
Which is a correct 
statement about


 
?A B

A. x–component > 0, y–component > 0

B. x–component > 0, y–component < 0

C. x–component < 0, y–component > 0

D. x–component < 0, y–component < 0

E. x–component = 0,  y–component > 0
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A1.3

Consider the 
vectors shown. 
Which is a correct 
statement about


 
?A B

A. x–component > 0, y–component > 0

B. x–component > 0, y–component < 0

C. x–component < 0, y–component > 0

D. x–component < 0, y–component < 0

E. x–component = 0,  y–component > 0
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Q1.4

Which of the following statements is correct for any two vectors 

A. the magnitude of             is A + B

B. the magnitude of             is A – B

C. the magnitude of             is greater than or equal to |A – B|

D. the magnitude of             is greater than the magnitude of 

E. the magnitude of             is

 
and ?A B

 
A+ B
 
A+ B
 
A+ B
 
A+ B
 
A+ B


 
A B

A2  B2
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A1.4

Which of the following statements is correct for any two vectors 

A. the magnitude of             is A + B

B. the magnitude of             is A – B

C. the magnitude of             is greater than or equal to |A – B|

D. the magnitude of             is greater than the magnitude of 

E. the magnitude of             is

 
and ?A B

 
A+ B
 
A+ B
 
A+ B
 
A+ B
 
A+ B


 
A B

A2  B2
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Which of the following statements is correct for any two vectors 

Q1.5

 
and ?A B

A. the magnitude of             is A – B

B. the magnitude of             is A + B

C. the magnitude of             is greater than or equal to |A – B|

D. the magnitude of             is less than the magnitude of 

E. the magnitude of             is


 
A B


 
A B


 
A B


 
A B


 
A B


 
A B

A2  B2
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Which of the following statements is correct for any two vectors 

A. the magnitude of             is A – B

B. the magnitude of             is A + B

C. the magnitude of             is greater than or equal to |A – B|

D. the magnitude of             is less than the magnitude of 

E. the magnitude of             is

A1.5

 
and ?A B


 
A B


 
A B


 
A B


 
A B


 
A B


 
A B

A2  B2
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Consider the vectors 
shown.

What are the 
components of the vector

A. Ex = –8.00 m, Ey = –2.00 m

B. Ex = –8.00 m, Ey = +2.00 m

C. Ex = –6.00 m, Ey = 0

D. Ex = –6.00 m, Ey = +2.00 m

E. Ex = –10.0 m, Ey = 0

Q1.6

 
?E = A+ D
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Consider the vectors 
shown.

What are the 
components of the vector

A. Ex = –8.00 m, Ey = –2.00 m

B. Ex = –8.00 m, Ey = +2.00 m

C. Ex = –6.00 m, Ey = 0

D. Ex = –6.00 m, Ey = +2.00 m

E. Ex = –10.0 m, Ey = 0

A1.6

 
?E = A+ D
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Q1.7

Consider the vectors 
shown.

What is the dot product 
?C • D

A. (120 m2 ) cos 78.0°

B. (120 m2 ) sin 78.0°

C. (120 m2 ) cos 62.0° 

D. (120 m2 ) sin 62.0°

E. none of these
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A. (120 m2 ) cos 78.0°

B. (120 m2 ) sin 78.0°

C. (120 m2 ) cos 62.0° 

D. (120 m2 ) sin 62.0°

E. none of these

A1.7

Consider the vectors 
shown.

What is the dot product 
?C • D
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A. (96.0 m2 ) sin 25.0°

B. (96.0 m2 ) cos 25.0°

C. –(96.0 m2 ) sin 25.0° 

D. –(96.0 m2 ) cos 25.0°

E. none of these

Q1.8

Consider the vectors 
shown.

What is the cross product


 
?A C

k̂

k̂

k̂

k̂



Copyright © 2008 Pearson Education Inc., publishing as Pearson Addison-Wesley

A. (96.0 m2 ) sin 25.0°

B. (96.0 m2 ) cos 25.0°

C. –(96.0 m2 ) sin 25.0° 

D. –(96.0 m2 ) cos 25.0°

E. none of these

A1.8

Consider the vectors 
shown.

What is the cross product


 
?A C

k̂

k̂

k̂

k̂
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Consider the two vectors

A. zero

B. 14

C. 48

D. 50

E. none of these

Q1.9






ˆ ˆ3 4

ˆ ˆ8 6

A = i + j

B = i + j

What is the dot product 
 

?A B
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Consider the two vectors

A1.9






ˆ ˆ3 4

ˆ ˆ8 6

A = i + j

B = i + j

What is the dot product 
 

?A B

A. zero

B. 14

C. 48

D. 50

E. none of these
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Consider the two vectors

Q1.10






ˆ ˆ3 4

ˆ ˆ8 6

A = i + j

B = i + j

What is the cross product 
 

?A B

A.  

B. 

C. 

D. 

E. none of these 

6k̂

6k̂

50k̂

50k̂
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Consider the two vectors

A1.10






ˆ ˆ3 4

ˆ ˆ8 6

A = i + j

B = i + j

What is the cross product 
 

?A B

A.  

B. 

C. 

D. 

E. none of these 

6k̂

6k̂

50k̂

50k̂
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Consider the two vectors

Q1.11




ˆ ˆ3 4
ˆ6

A = i – j

B = k

What is the dot product 
 

?A B

A. zero

B. –6

C. +6

D. 42

E. –42
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Consider the two vectors

A1.11




ˆ ˆ3 4
ˆ6

A = i – j

B = k

What is the dot product 
 

?A B

A. zero

B. –6

C. +6

D. 42

E. –42
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Consider the two vectors

Q1.12




ˆ ˆ3 4
ˆ6

A = i – j

B = k

What is the cross product 
 

?A B

A. zero

B. 

C. 

D. 

E. 

24 î +18 ĵ

24 î 18 ĵ

18î + 24 ĵ

18î  24 ĵ
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Consider the two vectors

A1.12




ˆ ˆ3 4
ˆ6

A = i – j

B = k

What is the cross product 
 

?A B

A. zero

B. 

C. 

D. 

E. 

24 î +18 ĵ

24 î 18 ĵ

18î + 24 ĵ

18î  24 ĵ



MOTION
Definition of Motion: Change in position of an object with respect 
to time. 

More About Motion:
A moving object changes its position as the time passes/changes. 

In general motion is described as the movement of object. 

Objects which are moving will not be at a same position after 
certain interval of time. 

When the object remains at same position after certain interval of 
time then the state of the object is known as “rest”.

In physics, motion is a change in position of an object with respect 
to time and its reference point. Motion is typically described in 
terms of displacement, direction, velocity, acceleration, and time



Change in position of an object with time is 
measured with the units of distance.  It 
describes the speed of an object.  (How fast or 
slow an object is moving.) 

General types of motion: Circular motion, 
Periodic motion, Translatory motion. 

Examples of different types of motion: 
1. Translatory Motion: March-past of soldiers in 
a parade 
Motion of a stone dropped from a building. 
2. Circular Motion: Blades of an Electric fan 
(Switched on).
3. Periodic Motion: “Child on a swing” 
“Motion of needle in a sewing machine”.

















Motion with constant velocity
The simplest type of motion (excluding the trivial case in which the 
body under investigation remains at rest) consists of motion with 
constant velocity. This type of motion occurs in everyday life 
whenever an object slides over a horizontal, low friction surface: e.g., 
a puck sliding across a hockey rink. Figure shows the graph of 
displacement versus time for a body moving with constant velocity. It 
can be seen that the graph consists of a straight-line. This line can be 
represented algebraically as 

x=x0+vt



Here x0, is the displacement at time t=0 : this 
quantity can be determined from the graph as the 
intercept of the straight-line with the -axis. 

Likewise,v=dx/dt is the constant velocity of the body: 
this quantity can be determined from the graph as 
the gradient of the straight-line (i.e., the ratio 
v=x/t , as shown). 

Note that a=d2x/dt2 , as expected.



Figure shows a displacement versus 
time graph for a slightly more 
complicated case of motion with 
constant velocity. The body in question 
moves to the right (since x is clearly 
increasing with t) with a constant 
velocity (since the graph is a straight-
line) between times A and B. The body 
then moves to the right (since x is still 
increasing in time) with a somewhat 
larger constant velocity (since the graph 
is again a straight line, but possesses a 
larger gradient than before) between 
times B and C. The body remains at rest 
(since the graph is horizontal) between 
times C and D. Finally, the body moves 
to the left (since x is decreasing with t) 
with a constant velocity (since the graph 
is a straight-line) between times D and E.























































ONE DIMENSIONAL 
MOTION EXAMPLES











General Equations for 
projectile motions



SOME EXAMPLES 
FOR 

ONE DIMENSIONAL PROJECTILE MOTIONS



Freefall (ax=0, vx=v0x=0,x=0, v0y=0, y=h, 
hitting velocity vy=20 m/s )



Freefall (ax=0, vx=v0x=0,x=0, v0y=0, y=100m)



Freefall (ax=0, vx=v0x=0,x=0, v0y=0, y=h, t=10 s)



Vertical Motion (ax=0, vx=v0x=0,x=0)



Vertical Motion (ax=0, vx=v0x=0,x=0)
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Q2.1

A. point P. B. point Q. C. point R. D. point S.

E. not enough information in the graph to decide

This is the x–t 
graph of the 
motion of a 
particle. Of the 
four points P, Q, R, 
and S, the velocity 
vx is greatest (most 
positive) at
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This is the x–t 
graph of the 
motion of a 
particle. Of the 
four points P, Q, R, 
and S, the velocity 
vx is greatest (most 
positive) at

A. point P. B. point Q. C. point R. D. point S.

E. not enough information in the graph to decide

A2.1
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Q2.2
This is the x–t 
graph of the 
motion of a 
particle. Of the 
four points P, Q, R, 
and S, the speed is 
greatest at

A. point P. B. point Q. C. point R. D. point S.

E. not enough information in the graph to decide
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This is the x–t 
graph of the 
motion of a 
particle. Of the 
four points P, Q, R, 
and S, the speed is 
greatest at

A2.2

A. point P. B. point Q. C. point R. D. point S.

E. not enough information in the graph to decide



Copyright © 2008 Pearson Education Inc., publishing as Pearson Addison-Wesley

Q2.3
This is the x–t 
graph of the 
motion of a 
particle. Of the 
four points P, Q, R, 
and S, the 
acceleration ax is 
greatest (most 
positive) at 

A. point P. B. point Q. C. point R. D. point S.

E. not enough information in the graph to decide
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This is the x–t 
graph of the 
motion of a 
particle. Of the 
four points P, Q, R, 
and S, the 
acceleration ax is 
greatest (most 
positive) at 

A2.3

A. point P. B. point Q. C. point R. D. point S.

E. not enough information in the graph to decide
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You toss a ball straight upward, in the positive direction. 
The ball falls freely under the influence of gravity.

At the highest point in the ball’s motion,

A. its velocity is zero and its acceleration is zero.

B. its velocity is zero and its acceleration is positive (upward).

C. its velocity is zero and its acceleration is negative (downward). 

D. its velocity is positive (upward) and its acceleration is zero.

E. its velocity is positive (upward) and its acceleration is zero.

Q2.4
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A. its velocity is zero and its acceleration is zero.

B. its velocity is zero and its acceleration is positive (upward).

C. its velocity is zero and its acceleration is negative (downward). 

D. its velocity is positive (upward) and its acceleration is zero.

E. its velocity is positive (upward) and its acceleration is zero.

A2.4
You toss a ball straight upward, in the positive direction. 
The ball falls freely under the influence of gravity.

At the highest point in the ball’s motion,
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This is a motion diagram of an object moving along the x–
direction with constant acceleration. The dots 1, 2, 3, … 
show the position of the object at equal time intervals ∆t.

Q2.5

x
x = 0

5 4 3 2 1

A. vx < 0, ax = 0 B. vx < 0, ax > 0

C. vx < 0, ax < 0 D. vx > 0, ax > 0

E. vx > 0, ax < 0

At the time labeled 3, what are the signs of the 
object’s velocity vx and acceleration ax?
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A2.5

x
x = 0

5 4 3 2 1

A. vx < 0, ax = 0 B. vx < 0, ax > 0

C. vx < 0, ax < 0 D. vx > 0, ax > 0

E. vx > 0, ax < 0

At the time labeled 3, what are the signs of the 
object’s velocity vx and acceleration ax?

This is a motion diagram of an object moving along the x–
direction with constant acceleration. The dots 1, 2, 3, … 
show the position of the object at equal time intervals ∆t.
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This is a motion diagram of an object moving along the x–
direction with constant acceleration. The dots 1, 2, 3, … 
show the position of the object at equal time intervals ∆t.

Which of the following vx–t graphs best matches the motion 
shown in the motion diagram? 

Q2.6

x
x = 0

5 4 3 2 1

t

vx

0

A.
t

vx

0

B.
t

vx

0

C.
t

vx

0

D.
t

vx

E.
0
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An object moves along the x–axis with constant 
acceleration. The initial position x0 is positive, the initial 
velocity is negative, and the acceleration is positive.

Which of the following vx–t graphs best describes this 
motion?
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This is the vx–t graph for 
an object moving along 
the x-axis.

Which of the following 
descriptions of the 
motion is most accurate?

Q2.9

A. The object is slowing down at a decreasing rate.

B. The object is slowing down at an increasing rate.

C. The object is speeding up at a decreasing rate.

D. The object is speeding up at an increasing rate.

E. The object’s speed is changing at a steady rate.
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You are given the vx–t graph for an object moving along 
the x-axis with constant acceleration. Which of the 
following could you not determine from the information 
given in this graph alone?

Q2.10

A. the object’s x–acceleration at any time t

B. the object’s x–velocity at any time t

C. the object’s position at any time t 

D. more than one of the above

E. misleading question — you could determine 
all of these from the vx–t graph alone
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Q2.11

A. For t > 0, the object is never at rest.

B. The object is at rest at t = 0.5 s.

C. The object is at rest at t = 1.0 s. 

D. The object is at rest at t = 2.0 s.

E. More than one of B., C., and D. is correct.

The position of an object moving along the x-axis is given by 

x = 5.0 m – (4.0 m/s)t + (2.0 m/s2)t2 

Which statement about this object is correct?
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Q2.12
The position of an object moving along the x-axis is given by 

x = 5.0 m – (4.0 m/s)t + (2.0 m/s2)t2 

How many times does this object pass through the point x = 0?

A. twice, first moving in the positive x-direction, 
then moving in the negative x-direction

B. twice, first moving in the negative x-direction, 
then moving in the positive x-direction

C. only once, moving in the positive x-direction

D. only once, moving in the negative x-direction

E. never
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MOTION EQUATIONS



Horizontal  Motion (ax=0, v0=vx=v0x, v0y=0)



Example: Horizontal  Motion (v0=vx=v0x=12 m/s, 
h=20 m)



Example: Vertical distance for v=500 
m/s, R=1000 m 



Example: Horizontal range and time for 
v= 500 m/s,d=20 m



General Trajectory: Projectile motion



Example: Particular horizontal velocity, horizontal distance, 
vertical velocity and vertical position for v0=30 m/s and θ=60 

at t=2



Range



Peak Height



Time of Flight



Example: Peak Height, Range and Time 
of Flight for v0=10 m/s and θ=30



Example: Peak Height, Range and Time 
of Flight for v0=10 m/s and θ=45



Example: Peak Height, Range and Time 
of Flight for v0=10 m/s and θ=60



Angle of Launch



Example: Angle of Launch for R=20 m 
and v0=20 m/s



Peak Height and Time of Flight for 
v0=20 m/s x=25 m and θ=30



More on Horizontal Distance



Example: Launch Velocity for R=40 m 
and θ=30



Example: Launch Velocity and Launch 
Angle  for R=40 m and h=20m



























Resultant velocity?



Resultant velocity?



Boat velocity ?



Current velocity?







Motion in a Vertical Circle
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A bicyclist starts at point P and travels around a 
triangular path that takes her through points Q and R 
before returning to point P. What is the magnitude 
of her net displacement for the entire round trip?

Q3.1

A. 100 m

B. 200 m

C. 600 m

D. 1200 m 

E. zero

400 m
500 m

300 m

P

Q R
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Q3.2
This illustration shows the path 
of a robotic vehicle, or rover. 
What is the direction of the 
rover’s average acceleration 
vector for the time interval 
from t = 0.0 s to t = 2.0 s?

A. up and to the left

B. up and to the right

C. down and to the left

D. down and to the right

E. none of the above
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A3.2
This illustration shows the path 
of a robotic vehicle, or rover. 
What is the direction of the 
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The motion diagram shows an object moving along a 
curved path at constant speed. At which of the points A, C, 
and E does the object have zero acceleration?

A. point A only

B. point C only

C. point E only 

D. points A and C only

E. points A, C, and E

Q3.3
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An object moves at a constant speed in a clockwise direction 
around an oval track. The geometrical center of the track is at 
point O. When the object is at point P, which arrow shows 
the direction of the object’s acceleration vector?

A. #1 (directly away from O)

B. #2 (perpendicular to the track)

C. #3 (in the direction of motion)

D. #4 (directly toward O)

E. #5 (perpendicular to the track)

Q3.4

#1
#2

#3

#4
#5

P

O

Oval track
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45°

A pendulum swings back and forth, reaching a maximum angle of 
45° from the vertical. Which arrow shows the direction of the 
pendulum bob’s acceleration as it moves from left to right through 
point Q (the low point of the motion)?

Q3.5

45°

#1

#2

#3

#4

P R

Q

A. #1 (to the left)

B. #2 (straight up) 

C. #3 (to the right)

D. #4 (straight down)

E. misleading question — the 
acceleration is zero at Q 
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45°

Q3.6

45°#1 #2

#3

#4

P R

Q

A pendulum swings back and forth, reaching a maximum angle of 
45° from the vertical. Which arrow shows the direction of the 
pendulum bob’s acceleration at P (the far left point of the 
motion)?

#5

A. #1 (up and to the left)

B. #2 (up and to the 
right) 

C. #3 (down and to the 
right)

D. #4 (straight down)

E. #5 (down and to the 
left )
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45°

A3.6

45°#1 #2

#3

#4

P R

Q

A pendulum swings back and forth, reaching a maximum angle of 
45° from the vertical. Which arrow shows the direction of the 
pendulum bob’s acceleration at P (the far left point of the 
motion)?A. #1 (up and to the left)

B. #2 (up and to the 
right) 

C. #3 (down and to the 
right)

D. #4 (straight down)

E. #5 (down and to the 
left )

#5
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The velocity and acceleration of an object at a certain instant are

A. speeding up and following a curved path.

B. speeding up and moving in a straight line.

C. slowing down and following a curved path.

D. slowing down and moving in a straight line.

E. none of these is correct

Q3.7

 
   



 2 2

ˆ3.0 m/s
ˆ ˆ0.5 m/s – 0.2 m/s

v = j

a = i j

At this instant, the object is
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The velocity and acceleration of an object at a certain instant are
Q3.8

   

   






2

2 2

ˆ ˆ2.0 m/s 3.0 m/s
ˆ ˆ0.5 m/s – 0.2 m/s

v = i j

a = i j

At this instant, the object is

A. speeding up and following a curved path.

B. speeding up and moving in a straight line.

C. slowing down and following a curved path.

D. slowing down and moving in a straight line.

E. none of these is correct
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The velocity and acceleration of an object at a certain instant are
A3.8
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A zoo keeper fires a tranquilizer dart directly at a monkey. The 
monkey lets go at the same instant that the dart leaves the gun 
barrel. The dart reaches a maximum height P before striking 
the monkey. Ignore air resistance. 

When the dart is at P, the monkey

Q3.9

A. is at A (higher than P).

B. is at B (at the same 
height as P). 

C. is at C (lower than P).

D. not enough information 
given to decide
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A projectile is launched at a 30° angle above the horizontal. 
Ignore air resistance. The projectile’s acceleration is greatest

Q3.10

A. at a point between the launch point and the high point of 
the trajectory.

B. at the high point of the trajectory.

C. at a point between the high point of the trajectory and 
where it hits the ground.

D. misleading question — the acceleration is the same (but 
nonzero) at all points along the trajectory

E. misleading question — the acceleration is zero at all points 
along the trajectory
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You drive a race car around a circular track of radius 100 m at a 
constant speed of 100 km/h. If you then drive the same car 
around a different circular track of radius 200 m at a constant 
speed of 200 km/h, your acceleration will be

A. 8 times greater.

B. 4 times greater.

C. twice as great.

D. the same.

E. half as great.

Q3.11
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Newton’s Laws of Motion
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A ball (mass 0.40 kg) is 
initially moving to the 
left at 30 m/s. After 
hitting the wall, the ball 
is moving to the right at 
20 m/s. What is the 
impulse of the net force 
on the ball during its 
collision with the wall?

A. 20 kg • m/s to the right

B. 20 kg • m/s to the left 

C. 4.0 kg • m/s to the right

D. 4.0 kg • m/s to the left

E. none of the above

Q8.1
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You are testing a new car using crash test dummies. Consider two 
ways to slow the car from 90 km/h (56 mi/h) to a complete stop:

(i) You let the car slam into a wall, bringing it to a sudden stop.

(ii) You let the car plow into a giant tub of gelatin so that it comes 
to a gradual halt.

In which case is there a greater impulse of the net force on the car? 
A. in case (i)

B. in case (ii) 

C. The impulse is the same in both cases.

D. not enough information given to decide

Q8.2
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A 3.00-kg rifle fires a 0.00500-kg bullet at a speed of 300 
m/s. Which force is greater in magnitude:
(i) the force that the rifle exerts on the bullet; or 
(ii) the force that the bullet exerts on the rifle?

A. the force that the rifle exerts on the bullet

B. the force that the bullet exerts on the rifle

C. both forces have the same magnitude

D. not enough information given to decide

Q8.3
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Two objects with different 
masses collide and stick to 
each other. Compared to 
before the collision, the 
system of two objects after 
the collision has

A. the same total momentum and the same total kinetic energy.

B. the same total momentum but less total kinetic energy.

C. less total momentum but the same total kinetic energy.

D. less total momentum and less total kinetic energy.

E. not enough information given to decide

Q8.4

A B
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Two objects with different 
masses collide and bounce 
off each other. Compared 
to before the collision, the 
system of two objects after 
the collision has

A. the same total momentum and the same total kinetic energy.

B. the same total momentum but less total kinetic energy.

C. less total momentum but the same total kinetic energy.

D. less total momentum and less total kinetic energy.

E. not enough information given to decide

Q8.5

A B
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Block A has mass 1.00 kg and block B has mass 3.00 kg. The 
blocks collide and stick together on a level, frictionless surface. 
After the collision, the kinetic energy (KE) of block A is

A. 1/9 the KE of block B.

B. 1/3 the KE of block B.

C. 3 times the KE of block B.

D. 9 times the KE of block B.

E. the same as the KE of block B.

Q8.6
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Block A on the left has mass 1.00 kg. Block B on the right 
has mass 3.00 kg. The blocks are forced together, 
compressing the spring. Then the system is released from 
rest on a level, frictionless surface. After the blocks are 
released, the kinetic energy (KE) of block A is

A. 1/9 the KE of block B. B. 1/3 the KE of block B.

C. 3 times the KE of block B. D. 9 times the KE of block B.

E. the same as the KE of block B.

Q8.7
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C. 3 times the KE of block B. D. 9 times the KE of block B.

E. the same as the KE of block B.

A8.7
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A yellow block and a red rod are joined together. Each object is 
of uniform density. The center of mass of the combined object is 
at the position shown by the black “X.”

Which has the greater mass, the yellow block or the red rod?

A. the yellow block

B. the red rod

C. they both have the same mass

D. not enough information given to decide

Q8.9
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A yellow block and a red rod are joined together. Each object is 
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The four forces shown all have the 
same magnitude: F1 = F2 = F3 = F4.

Which force produces the greatest 
torque about the point O (marked 
by the blue dot)?

A. F1

B. F2

C. F3

D. F4

E. not enough information given to decide

Q10.1
F1

F2

F3

F4

O
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The four forces shown all have the 
same magnitude: F1 = F2 = F3 = F4.

Which force produces the greatest 
torque about the point O (marked 
by the blue dot)?

A. F1

B. F2

C. F3

D. F4

E. not enough information given to decide
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Which of the four forces shown 
here produces a torque about O that 
is directed out of the plane of the 
drawing?

A. F1

B. F2

C. F3

D. F4

E. more than one of these

Q10.2
F1

F2

F3

F4

O
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Which of the four forces shown 
here produces a torque about O that 
is directed out of the plane of the 
drawing?

A. F1

B. F2

C. F3

D. F4

E. more than one of these
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A plumber pushes 
straight down on the 
end of a long wrench 
as shown. What is the 
magnitude of the 
torque he applies about 
the pipe at lower right?

A. (0.80 m)(900 N)sin 19° 

B. (0.80 m)(900 N)cos 19° 

C. (0.80 m)(900 N)tan 19° 

D. none of the above

Q10.3
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A. (0.80 m)(900 N)sin 19° 

B. (0.80 m)(900 N)cos 19° 

C. (0.80 m)(900 N)tan 19° 

D. none of the above

A10.3

A plumber pushes 
straight down on the 
end of a long wrench 
as shown. What is the 
magnitude of the 
torque he applies about 
the pipe at lower right?
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Q10.4

What is the torque that this force applies about the origin?

A. zero

B. 

C. 

D. 

E. 

  ˆ ˆ24 18 N mi + j

   ˆ ˆ24 18 N mi j

  ˆ ˆ18 24 N mi + j

   ˆ ˆ18 24 N mi j

A force  
 ˆ ˆ4 3 NF = i j acts an object at a point

  ˆ6 m.r = klocated at the position
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A. m2g = T2 = T1 

B. m2g > T2 = T1 

C. m2g > T2 > T1 

D. m2g = T2 > T1 

E. none of the above

Q10.5
A glider of mass m1 on a frictionless horizontal track is connected 
to an object of mass m2 by a massless string. The glider accelerates 
to the right, the object accelerates downward, and the string rotates 
the pulley. What is the relationship among T1 (the tension in the 
horizontal part of the string), T2 (the tension in the vertical part of 
the string), and the weight m2g of the object?
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A. m2g = T2 = T1 

B. m2g > T2 = T1 

C. m2g > T2 > T1 

D. m2g = T2 > T1 

E. none of the above

A10.5
A glider of mass m1 on a frictionless horizontal track is connected 
to an object of mass m2 by a massless string. The glider accelerates 
to the right, the object accelerates downward, and the string rotates 
the pulley. What is the relationship among T1 (the tension in the 
horizontal part of the string), T2 (the tension in the vertical part of 
the string), and the weight m2g of the object?
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A lightweight string is wrapped several 
times around the rim of a small hoop. If  
the free end of the string is held in place 
and the hoop is released from rest, the 
string unwinds and the hoop descends. 
How does the tension in the string (T) 
compare to the weight of the hoop (w)?

A. T = w 

B. T > w 

C. T < w 

D. not enough information given to decide

Q10.6
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A lightweight string is wrapped several 
times around the rim of a small hoop. If  
the free end of the string is held in place 
and the hoop is released from rest, the 
string unwinds and the hoop descends. 
How does the tension in the string (T) 
compare to the weight of the hoop (w)?

A. T = w 

B. T > w 

C. T < w 

D. not enough information given to decide

A10.6



Copyright © 2008 Pearson Education Inc., publishing as Pearson Addison-Wesley

A solid bowling ball rolls 
down a ramp.

Which of the following forces 
exerts a torque on the bowling 
ball about its center?

A. the weight of the ball 

B. the normal force exerted by the ramp 

C. the friction force exerted by the ramp 

D. more than one of the above

E. The answer depends on whether the ball rolls without slipping.

Q10.7
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A yo-yo is placed on a horizontal 
surface as shown. There is 
sufficient friction for the yo-yo to 
roll without slipping. If the string 
is pulled to the right as shown,

A. the yo-yo rolls to the right.

B. the yo-yo rolls to the left.

C. the yo-yo remains at rest.

D. The answer depends on the magnitude F of the pulling 
force compared to the magnitude of the friction force.

Q10.8

F
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A yo-yo is placed on a horizontal 
surface as shown. There is 
sufficient friction for the yo-yo to 
roll without slipping. If the string 
is pulled to the right as shown,

A. the yo-yo rolls to the right.

B. the yo-yo rolls to the left.

C. the yo-yo remains at rest.

D. The answer depends on the magnitude F of the pulling 
force compared to the magnitude of the friction force.
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A yo-yo is placed on a horizontal 
surface as shown. There is 
sufficient friction for the yo-yo to 
roll without slipping. If the string 
is pulled to the right as shown,

A. the yo-yo rolls to the right.

B. the yo-yo rolls to the left.

C. the yo-yo remains at rest.

D. The answer depends on the magnitude F of the pulling 
force compared to the magnitude of the friction force.

Q10.9
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A yo-yo is placed on a horizontal 
surface as shown. There is 
sufficient friction for the yo-yo to 
roll without slipping. If the string 
is pulled to the right as shown,

A. the yo-yo rolls to the right.

B. the yo-yo rolls to the left.

C. the yo-yo remains at rest.

D. The answer depends on the magnitude F of the pulling 
force compared to the magnitude of the friction force.
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A yo-yo is placed on a horizontal 
surface as shown. There is 
sufficient friction for the yo-yo to 
roll without slipping. If the string 
is pulled straight up as shown,

A. the yo-yo rolls to the right.

B. the yo-yo rolls to the left.

C. the yo-yo remains at rest.

D. The answer depends on the magnitude F of the pulling 
force compared to the magnitude of the friction force.

Q10.10
F
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A yo-yo is placed on a horizontal 
surface as shown. There is 
sufficient friction for the yo-yo to 
roll without slipping. If the string 
is pulled straight up as shown,

A. the yo-yo rolls to the right.

B. the yo-yo rolls to the left.

C. the yo-yo remains at rest.

D. The answer depends on the magnitude F of the pulling 
force compared to the magnitude of the friction force.

A10.10
F
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A spinning figure 
skater pulls his arms 
in as he rotates on the 
ice. As he pulls his 
arms in, what 
happens to his 
angular momentum L 
and kinetic energy K?

A. L and K both increase.

B. L stays the same, K increases. 

C. L increases, K stays the same.

D. L and K both stay the same.

Q10.11
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The graph shows the 
angular velocity and 
angular acceleration 
versus time for a 
rotating body. At 
which of the following 
times is the rotation 
speeding up at the 
greatest rate?

A. t = 1 s

B. t = 2 s 

C. t = 3 s

D. t = 4 s

E. t = 5 s

Q9.1
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The graph shows the 
angular velocity and 
angular acceleration 
versus time for a 
rotating body. At 
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times is the rotation 
speeding up at the 
greatest rate?

A. t = 1 s

B. t = 2 s 

C. t = 3 s

D. t = 4 s

E. t = 5 s

A9.1
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A. 0.40 rad

B. 0.80 rad

C. 1.0 rad 

D. 2.0 rad

Q9.2

A DVD is initially at rest so that the 
line PQ on the disc’s surface is along 
the +x-axis. The disc begins to turn 
with a constant z = 5.0 rad/s2. 

At t = 0.40 s, what is the angle 
between the line PQ and the +x-axis?
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A. 0.40 rad

B. 0.80 rad

C. 1.0 rad 

D. 2.0 rad

A9.2

A DVD is initially at rest so that the 
line PQ on the disc’s surface is along 
the +x-axis. The disc begins to turn 
with a constant z = 5.0 rad/s2. 

At t = 0.40 s, what is the angle 
between the line PQ and the +x-axis?
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A DVD is rotating with an ever-
increasing speed. How do the 
centripetal acceleration arad and 
tangential acceleration atan 
compare at points P and Q?

A. P and Q have the same arad 
and atan. 

B. Q has a greater arad and a 
greater atan than P.

C. Q has a smaller arad and a greater atan than P.

D. P and Q have the same arad, but Q has a greater atan than P.

Q9.3
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A. a faster linear speed and a faster angular speed.

B. the same linear speed and a faster angular speed.

C. a slower linear speed and the same angular speed.

D. the same linear speed and a slower angular speed.

E. none of the above

Q9.4

Compared to a gear tooth on the 
rear sprocket (on the left, of 
small radius) of a bicycle, a gear 
tooth on the front sprocket (on 
the right, of large radius) has
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A. a faster linear speed and a faster angular speed.

B. the same linear speed and a faster angular speed.

C. a slower linear speed and the same angular speed.

D. the same linear speed and a slower angular speed.

E. none of the above

A9.4

Compared to a gear tooth on the 
rear sprocket (on the left, of 
small radius) of a bicycle, a gear 
tooth on the front sprocket (on 
the right, of large radius) has
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You want to double the radius of a rotating solid sphere 
while keeping its kinetic energy constant. (The mass 
does not change.) To do this, the final angular velocity 
of the sphere must be

A. 4 times its initial value.

B. twice its initial value.

C. the same as its initial value.

D. 1/2 of its initial value.

E. 1/4 of its initial value.

Q9.5
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You want to double the radius of a rotating solid sphere 
while keeping its kinetic energy constant. (The mass 
does not change.) To do this, the final angular velocity 
of the sphere must be

A. 4 times its initial value.

B. twice its initial value.

C. the same as its initial value.

D. 1/2 of its initial value.

E. 1/4 of its initial value.
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The three objects 
shown here all have 
the same mass M 
and radius R. Each 
object is rotating 
about its axis of 
symmetry (shown 
in blue). All three 
objects have the 
same rotational 
kinetic energy. 
Which one is 
rotating fastest?

A. thin-walled hollow cylinder

B. solid cylinder

C. thin-walled hollow sphere

D. two or more of these are tied 
for fastest

Q9.6
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A thin, very light wire is wrapped 
around a drum that is free to rotate. 
The free end of the wire is attached 
to a ball of mass m. The drum has 
the same mass m. Its radius is R and 
its moment of inertia is I = (1/2)mR2. 
As the ball falls, the drum spins.

At an instant that the ball has 
translational kinetic energy K, the 
drum has rotational kinetic energy

A. K. B. 2K. C. K/2. D. none of these

Q9.7
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