
Physics B AP Review Packet: Mechanics Name:________________ 

4/24/2008 1 Bertrand 

Position 
Location of a particle in space. 
(x)  or   (x,y)   or  (x,y,z) 

 

Distance 
The total length of the path traveled by an object. 
Does not depend upon direction. 

 

Displacement 
The change in position of an object. 
Depends only on the initial and final positions, not on path. 

Includes direction. 

Represented by Dx. 

 

Problem: Distance versus Displacement 

1. A hiker hikes 25 miles due north and then all 

the way back to the starting point.  

a) How far does the hiker hike? Show your 

work. 
 

b) What is the hikerôs displacement? Show 

your work. 
 

Average speed 

save = d /æt 

 

Average Velocity 

vave =  æx/æt 

 

Problem: Average Velocity  

2. A truck traveled 400 meters north in 80 

seconds, and then it traveled 300 

meters east in 70 seconds. The 

magnitude of the average velocity of 

the truck was most nearly 

(A) 1.2 m/s     (B) 3.3 m/s     (C) 4.6 m/s 

(D) 6.6 m/s      (E) 9.3 m/s 

Show your work: 

 

Acceleration 
A change in velocity. 
Acceleration can be speeding up, slowing down, or turning. 

The SI unit for acceleration is m/s2. 

If the sign of the velocity and the sign of the acceleration is the 
same, the object speeds up. 

If the sign of the velocity and the sign of the acceleration are 

different, the object slows down. 

 

Uniformly Accelerated Motion 

aave = æv/æt 

 

Problem: Acceleration 

3. In which of the following situations would an 

object be accelerated? 

I. It moves in a straight line at constant speed.  

II. It moves with uniform circular motion. 

III. It travels as a projectile in a gravitational 

field with negligible air resistance. 

(A) I only  

(B) III only  

(C) I and II only  

(D) II and III only  

(E) I, II, and III 

Explain your answer: 

 

Kinematic Equations 

v = vo + at 

x = xo + vot + 1/2 at
2
 

v
2
 = vo

2
 + 2a(æx) 

 

Problem: Kinematic Equations  

4. A body moving in the positive x direction 

passes the origin at time t = 0.  Between t = 0 

and t = 1 second, the body has a constant 

speed of 24 meters per second.  At t = 1 

second, the body is given a constant 

acceleration of 6 meters per second squared in 

the negative x direction.  The position x of the 

body at t = 11 seconds is 

(A)  +99 m (B) +36 m (C) -36 m 

(D) -75 m     (E) -99 m 

Show your work: 

 

Problem: Sketch the Kinematic Graphs 
Stationary particle 

 

 

 

 

  
 x vs t v vs t a vs t 

 

Particle moving with constant velocity 

 

 

 

 

  
 x vs t v vs t a vs t 
 

Particle moving with constant non-zero acceleration 

 

 

 

 
 
 x vs t v vs t a vs t 

 

Problem: Kinematic Graphs  

 
5. The displacement x of an object moving along 

the x-axis is shown above as a function of time t. 

The acceleration of this object must be 
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(A) zero  

(B) constant but not zero  

(C) increasing  

(D) decreasing  

(E) equal to g 

Explain your answer: 

 

 

Problem: Kinematic Graphs  

6. The graph shows the velocity versus time for 

an object moving in a straight line.  At what 

time after time = 0 does the abject again pass 

through its initial position? 

(A)  Between O and 1 s 

(B)  1 s 

(C)  Between 1 and 2 s 

(D)  2 s 

(E)  Between 2 and 3 s 

Show your work: 
 

Free Fall 
Occurs when an object falls unimpeded. 

Gravity accelerates the object toward the earth. 

g = 9.8 m/s2 downward. 

a = -g if up is positive. 

acceleration is down when ball is thrown up 

EVERYWHERE  in the balls flight. 

 

Problem: Free Fall  

7. An object is released from rest on a planet that 

has no atmosphere. The object falls freely 

for 3.0 meters in the first second. What is 

the magnitude of the acceleration due to 

gravity on the planet? 

(A) l .5 m/s
2 

(B) 3.0 m/s
2 

(C) 6.0 m/s
2
 

(D) 10.0 m/s
2 

(E) 12.0 m/s
2
 

Show your work: 
 

Projectile Motion 
An example of 2-dimensional motion. 

Something is fired, thrown, shot, or hurled near the earthôs 

surface. 
Horizontal velocity is constant. 

Vertical velocity is accelerated. 

Air resistance is ignored. 
 

Trajectory of Projectile 
The trajectory of a projectile is the path it follows. 
It is defined by a parabola. 

The RANGE of the projectile is how far it travels 

horizontally. 
The MAXIMUM HEIGHT of the projectile occurs halfway 

through its range, provided the projectile is fired over 

level ground. 

Acceleration points down at 9.8 m/s2 for the entire trajectory. 
Velocity is tangent to the path for the entire trajectory. 

The vertical velocity changes while the horizontal velocity 

remains constant. 

 

Problem: Graphs for 2D Projectiles 

 
x-component of motion 

 

 

 

 

  

 x vs t v vs t a vs t 

 
y-component of motion 

 

 

 

 

  

 x vs t v vs t a vs t 

 

Problems: Projectile Motion  

 

8. How do the speeds of the ball at the three 

points compare? 

(A) vP < vQ< vR  

(B) vR < vQ < vP 

(C) vQ < vR < vP  

(D) vQ < vP = vR 

(E) vP = vR < vQ 

Explain your choice: 

 

9. Which of the following 

diagrams best shows the 

direction of the acceleration 

of the ball at point P ?  

Explain your choice: 
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Problem: Graphs of Projectile Motion  

 

 
10. A projectile is fired with initial velocity v0  at an angle 

q with the horizontal and follows the trajectory shown 

above. Which of the following pairs of graphs best 

represents the vertical components of the velocity and 
acceleration, v and a, respectively, of the projectile as 

functions of time t ? 

 Explain your 

reasoning: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2D Motion problems 
Resolve vectors into components. 
Work as one-dimensional problems. 

 

Horizontal Component of Velocity 
Not accelerated 

Not influence by gravity 

Follows equation: 
x = Vo,xt 

 
Problem: Horizontal Component  

11. A diver initially moving horizontally with 

speed v dives off the edge of a vertical cliff and 

lands in the water a distance d from the base of 

the cliff. How far from the base of the cliff 

would the diver have landed if the diver initially 

had been moving horizontally with speed 2v ? 

(A) d        (B) 2d      (C) 2d     (D) 4d  

(E) It cannot be determined unless the height 

of the cliff is known. 

Show your work or explain your reasoning: 

 

Vertical Component of Velocity 
Accelerated by gravity (9.8 m/s2 down)  

Vy = Vo,y - gt 

y = yo + Vo,yt - 
1/2gt2 

Vy
2 = Vo,y

2 - 2g(y ï yo) 

 

Problem: Vertical Component  

12. A 2-kilogram block rests at the edge of a 

platform that is 10 meters above level ground. 

The block is launched horizontally from the edge 

of the platform with an initial speed of 3 meters 

per second. Air resistance is negligible. The time 

it will take for the block to reach the ground is 

most nearly 

 (A) 0.3 s      (B) 1.0 s      (C) 1.4 s  

(D) 2.0 s      (E) 3.0 s 

Show your work: 

 

Problem: Vertical Component  

 
 A rock of mass m is thrown horizontally off a building 

from a height h, as shown above. The speed of the rock as it 

leaves the thrower's hand at the edge of the building is u0 . 

13. How much time does it take the rock to 

travel from the edge of the building to the 

ground? 

 

(A) hu0
 

 

(B) hu0  

 

(C) h gu0  

 

(D) 2h g  

 

(E) 2h g  

Show your work: 

 

Force 
A force is a push or pull on an object. 
Forces cause an object to accelerateé 

To speed up 

To slow down 
To change direction 

Unit: Newton (SI system) 

 

Newtonôs First Law 
The Law of Inertia. 

A body in motion stays in motion at constant velocity and a 
body at rest stays at rest unless acted upon by an external 

force. 
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Problem: Newtonôs 1
st
 Law  

14. Three forces act on an object. If the object is 

in translational equilibrium, which of the 

following must be true? 
I. The vector sum of the three forces must equal zero. 

II.  The magnitudes of the three forces must be equal 
III.  All three forces must be parallel 

(A) I only 

(B) II only 

(C) I and III only 

(D) II and III only 

(E) I, II, and III 

Explain your reasoning 

 

Problem: Newtonôs 1
st
 Law  

 

15.   The sum of the forces on the object is zero 

in which of the cases? 

(A) II only 

(B) III only 

(C) I and II only 

(D) I and III only 

(E) I, II, and III 

Explain your reasoning 

 

Problem: Newtonôs 1
st
 Law 

16. A hall of mass m is suspended from two 

strings of unequal length as shown above.  

The tensions T1 and T2 in the strings must 

satisfy which of the following relations? 

(A)  T1= T2 

(B)  T1>T2 

(C)  T1<T2 

(D)  T1+T2=mg 

(E)  T1-T2=mg 

Show your work: 

 

 

 

 

 

Problem: Newtonôs 1
st
 Law  

17. When an object of 

weight W is suspended 

from the center of a 

massless string as 

shown above, the 

tension at any point in 

the string is 

 

(A) 2Wcosq 

(B) 
Wcosq

2
 

(C) Wcosq 

(D) 
W

2cosq
 

(E) 
W

cosq
 

Show your work: 

 

Newtonôs Second Law 
SF = ma  

General Procedure for Solving Second Law 

Problems 

Step 1: Draw the problem 
Step 2: Free Body Diagram 

Step 3: Set up equations 

SF = ma  SFx = max    SFy = may 

Step 4: Substitute  

Make a list of givens from the word problem. 

Substitute in what you know. 
Step 5: Solve 

 

Problem: Second Law  

 
 

18. When the frictionless system shown above is 

accelerated by an applied force of magnitude F, 

the tension in the string between the blocks is 

(A)  2F 

(B)   F 

(C)  
2

3
F  

(D)  
1

2
F  

(E)  
1

3
F  

Show your work: 
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Problem: Second Law  

19. A ball falls straight down through the air 

under the influence of gravity. There is a 

retarding force F on the ball with magnitude 

given by F = bv, where t is the speed of the ball 

and b is a positive constant. The magnitude of 

the acceleration a of the ball at any time is equal 

to which of the following? 

(A) g b-  

(B) g
bv

m
-  

(C) g
bv

m
+  

(D) 
g

b
 

(E) 
bv

m
 

 

Show your work:  

 

Problem: Second Law  

 

 
20. A block of mass 3m can move without 

friction on a horizontal table. This block is 

attached to another block of mass m by a cord 

that passes over a frictionless pulley, as 

shown above. If the masses of the cord and 

the pulley are negligible, what is the 

magnitude of the acceleration of the 

descending block? 

(A) Zero      (B) g/4     (C) g/3  

(D) 2g/3       (E) g 

Show your work: 

 

Newtonôs Third Law 
For every action there exists an equal and opposite reaction. 

If A exerts a force F on B, then B exerts a force of -F on A. 

 

Weight 
W = mg 

Normal Force 

Force that prevents objects from penetrating each other 
Reaction to other forces 

Commonly a reaction to gravity 

 

Problem: Normal Force Flat  

 

21. A block of weight W is pulled along a 

horizontal surface at constant speed v by a 

force F. which acts at an angle of q with the 

horizontal, as shown above. The normal 

force exerted on the block by the surface has 

magnitude 

(A) W - Fcos q 

(B) W - Fsin q 

(C) W  

(D) W + Fsin q  

(E) W + Fcos q 

 

Show your work 

 

Problem: Normal Force Ramp  

 

 
 

 
 

 

 
 

 

A plane 5 meters in length is inclined at an angle of 37,̄ as 
shown above. A block of weight 20 newtons is placed at the 

top of the plane and allowed to slide down. 

 

22. The magnitude of the normal force exerted 

on the block by the plane is most nearly 

(A) l0 N      (B) 12N       (C) l6 N  

(D) 20 N      (E) 33 N 

Show your work 

 

Problem: Elevators and Normal Force  

23. A 50-kg middle school student stands on a 

scale in an elevator that is moving 

downward, but slowing with an acceleration 

of magnitude 2.0 m/s
2
. What does the scale 

read (in N)? 

a) 300       b) 400       c) 500   

d) 600        e) 700  

Show your work 

 

Friction 
The force that opposes a sliding motion. 

Static friction exists before sliding occurs 

Kinetic friction exists after sliding occurs 
In general Kinetic friction <= Static friction 

 

Calculating Static Friction 
fs ¢ msN 
Static friction increases as the force trying to push an object 

increasesé up to a point! 

 

Calculating Kinetic Friction 
fk = mkN 
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Problems: Friction on Flat Surface  

 

24. A push broom of mass m is pushed across a 

rough horizontal floor by a force of 

magnitude T directed at angle q as shown 

above.  The coefficient of friction between 

the broom and the floor is It.  The frictional 

force on the broom has magnitude 

(A)  m(mg +Tsinq) 

(B)  m(mg -Tsinq) 

(C)  m(mg +Tcosq) 

(D)  m(mg -Tcosq) 

(E)  mmg 

Show your work 

 

Problems: Friction on Ramp 

Questions 25-26 

A 2-kilogram block 

slides down a 30̄ 

incline as shown above 

with an acceleration of 

2 meters per second 

squared. 

 

25. Which of the following diagrams best 

represents the gravitational force W, the 

frictional force f, and the normal force N that 

act on the block? 

 

 

 

 

 

 

 

 

 

 

Expl

ain 

your 

Reas

onin

g: 

 

 

 

 

26.     The magnitude of the frictional force along 

the plane is most nearly 

(A)  2.5 N   (B) 5N (C) 6 N   (D) 10 N    (E) 16 N 

Show your work: 

 

 

 

 

 

Uniform Circular Motion 
An object moves at uniform speed in a circle of constant 
radius. 

 

Acceleration in Uniform Circular Motion 
Turns object; doesnôt speed it up or slow it down. 

Acceleration points toward center of the circle. 

Called centripetal acceleration. 
 

Centripetal Acceleration 

ac = v
2
/r 

 

Force in Uniform Circular Motion 
Any force or responsible for uniform circular motion is 

referred to as a centripetal force. Centripetal force can 

arise from one force, or from a combination of sources. 

Fc = SF = mac 

Fc = SF  = m v2 / r 

Centripetal forces always arise from other forces. 
Since speed of object remains constant, kinetic energy 

remains constant, and work is zero. 
Friction, tension, normal force, gravity and the magnetic 

force are common forces that can act centripetally to cause 

uniform circular motion. 

 
Problem: Centripetal Force  

27. A car initially travels north and then turns to 

the left along a circular curve. This causes a 

package on the seat of the car to slide 

toward the right side of the car. Which of the 

following is true of the net force on the 

package while it is sliding? 
(A) The force is directed away from the center of the circle. 

(B) The force is directed north. 

(C) There is not enough force directed north to keep the 
package from sliding. 

(D) There is not enough force tangential to the car's path to 

keep the package from sliding. 
(E) There is not enough force directed toward the center of 

the circle to keep the package from sliding. 

Explain your reasoning: 

 

Problem: Centripetal Force  

28. The horizontal turntable shown below rotates 

at a constant rate. As viewed from above, a coin 

on the turntable moves counterclockwise in a 

circle as shown. Which of the following vectors 

best represents the direction of the frictional 

force exerted on the coin by the turntable when 

the coin is in the position shown? 

 



Physics B AP Review Packet: Mechanics Name: ________________ 

 

4/24/2008 7 Bertrand 

   
Explain your reasoning: 

 

Universal Law of Gravity 
Fg = -Gm1m2/r

2 

The negative sign simply means the force is attractive. 

Most orbit problems can be solved by setting the 

gravitational force equal to the centripetal force. 
Gm1m2 / r

2 = m1v
2 / r  

      (a good starting point for most problems!) 

 

Problem:  Orbit  

29. A satellite of mass M moves in a circular 

orbit of radius R at a constant speed v. Which of 

the following must be true? 
I. The net force on the satellite is equal to mv2/R and is 

directed toward the center of the orbit. 

II. The net work done on the satellite by gravity in one 

revolution is zero. 
III. The angular momentum of the satellite is a constant. 

      (A) I only (B) III only (C) I and II only 

      (D) II and III only (E) I, II, and III  

Explain your reasoning: 

 

Problem:  Orbit  

30.  What is the kinetic energy of a satellite of 

mass m that orbits the Earth, of mass M, in a 

circular orbit of radius R ? 

(A) Zero (B) 1

2

GMm

R
 (C) 1

4

GMm

R
 

(D) 1

2 2

GMm

R
 (E) GMm

R2
 

Show your work: 

 

Problem:  Law of Gravity and Weight  

31. An object has a weight W when it is on the 

surface of a planet of radius R. What will be the 

gravitational force on the object after it has been 

moved to a distance of 4R from the center of the 

planet? 

(A) 16W                  Show your work ;       

(B) 4W  

(C) W  

(D) 
1

4
W  

(E) 1

16
W  

 

Problem: Law of Gravity and Accel. 

32. The planet Mars has mass 6.4 x 10
23

 

kilograms and radius 3.4 x 10
6
 meters. The 

acceleration of an object in free-fall near the 

surface of Mars is most nearly 

(A) zero  (B) l.0 m/s2  (C) 1.9 m/s2  

(D) 3.7 m/s2  (E) 9.8 m/s2 

Show your work: 

 

Torque 
Torque is a ñtwistò (whereas force is a push or pull). 

t = F r sin q 

Torque Units: mN or Nm. 

 

Problem: Torque  

 
33.  A rod on a horizontal tabletop is pivoted at 

one end and is free to rotate without friction 

about a vertical axis, as shown above. A force F 

is applied at the other end, at an angle q to the 

rod. If F were to be applied perpendicular to the 

rod, at what distance from the axis should it be 

applied in order to produce the same torque? 

(A) Lsinq 

(B) Lcosq 

(C) L  
(D) L tanq 

(E) 2L  

Show your work: 

 

Rotational Equilibrium 
If counterclockwise torques equal the clockwise torques, the 

system is balanced and no rotation occurs. 

Stcw = Stccw 
 

Problem: Rotational Equilibrium  

 
34. Two objects, of masses 6 and 8 kilograms, 

are hung from the ends of a stick that is 70 

centimeters long and has marks every l0 

centimeters, as shown above. If the mass of 

the stick is negligible, at which of the points 

indicated should a cord be attached if the 

stick is to remain horizontal when suspended 

from the cord? 

(A) A  (B) B  (C) C  (D) D  (E) E 

Show your work: 

 

Problem: Rotational Equilibrium  
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12
m

s

2

 
35.  A 5-meter uniform plank of mass 100 

kilograms rests on the top of a building with 2 

meters extended over the edge as shown above.  

How far can a 50-kilogram person venture past 

the edge of the building on the plank before the 

plank just begins to tip? 

A)  

1

2
m           B)   1 m 

 

C)   

2

3
m        D)   2 m 

E)  It is impossible to make the plank tip 

since the person would have to he more 

than 2 meters from the edge of the 

building. 

Show your work: 

 

Problem: Rotational Equilibrium 

 
 

36.  A wheel of radius R and negligible mass is 

mounted on a horizontal frictionless axle so that 

the wheel is in a vertical plane. Three small objects 

having masses m, M, and 2M, respectively, are 

mounted on the rim of the wheel, as shown above. 

If the system is in static equilibrium, what is the 

value of m in terms of M? 

(A) 

                Show your work:

 

 

(B)  
 

(C)  

 

(D)  
 

(E)  

 

ADVANCE TOPIC: ANGULAR 

MOMENTUM  

The tendency of a spinning body to remain spinning. 

L = I w  
L: angular momentum (kg m2/s) 

I: rotational inertia (MR2 for a particle) 

w: angular speed (radians/second) 
Angular momentum, like linear momentum, is conserved. 

Unless there is an external torque on the system, there can be 

no change in angular momentum 

 

Problem: Angular Momentum  

37. A 2 kg object moves in a circle of radius 4 m 

at a constant speed of 3 m/s.  A net force of 4.5 

N acts on the object. What is the angular 

momentum of the object with respect to an axis 

perpendicular to the circle and through its 

center? 

(A)  

 

(B)  

 

(C)  

(D)  

(E)  

 

Show your work: 

 

Problem: Angular Momentum  

 

38.   An asteroid moves in an elliptic orbit with 

the Sun at one focus as shown above.  Which of 

the following quantities increases as the asteroid 

moves from point P in its orbit to point Q? 

(A)  Speed 

(B)  Angular momentum 

(C)  Total energy 

(D)  Kinetic energy 

(E)  Potential energy 

Show your work: 

 

Periodic Motion 
Repeats itself over a fixed and reproducible period of time. 

Mechanical devices that do this are known as oscillators. 

 

Simple Harmonic Motion (SHM) 
Periodic motion described by a sine or cosine function. 

Springs and pendulums are common examples of Simple 

Harmonic Oscillators (SHOs). 
All SHOôs experience a ñrestoring forceò . 

 


