
Physics 113, Practice test for final examination

In preparation for the final, go through this exam and through the previous exams (practice and real ones).  Understand all the formulas and concepts that were used in these exams.

Re-use the three cheat cards you wrote, write three new ones or write your formulas on a 8x11.5 piece of paper. 
The final will probably consist of about 15 multiple choice and 15 longer questions. The material covered is Chapters 1-18 
I have provided the answers at the end of this exam.  Some problems might be the same as in other practice exams and real exams.  

Useful information


Acceleration due to gravity: 

g = 9.80m/s2  


Mass of Earth



ME = 5.98(1024 kg


Mass of Sun



Ms = 1.99(1030 kg


Radius of Earth


RE = 6.37(106 m


Density of water


water =1000 kg/m3


Density of air



air =1.29 kg/m3
Density of helium


He =0.179 kg/m3

Standard atmospheric pressure
P0 = 1.013(105 Pa

Moments of inertia: 


(see last page)
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1. Vectors.  
1.   Two vectors, A = 10i + 15j + 20k and B = 12i – 6j + k are given. 

(a) What is the magnitude of  C = 4A - 5B
(b) What is the scalar product A(B?

(c) What is the angle between A and B?

(d) What is the vector product AxB?
2. Motion in one dimension
29.

 A rock is thrown downward from an unknown height above the ground with an initial speed of 10 m/s.  It strikes the ground 3.0 s later.  Determine the initial height of the rock above the ground.



a.
44 m



b.
14 m



c.
74 m



d.
30 m



e.
60 m

47.
 A skier leaves a ski jump with a horizontal velocity of 29.4 m/s. The instant before she lands three seconds later, the magnitudes of the horizontal and vertical components of her velocity are:



a.
0; 29.4 m/s.



b.
29.4 m/s; 0.



c.
29.4 m/s; 29.4 m/s.

d. 29.4 m/s; 41.6 m/s.

e. 41.6 m/s; 41.6 m/s.

4.  Motion in two dimensions

8.
At t = 0, a particle leaves the origin with a velocity of 12 m/s in the positive x direction and moves in the xy plane with a constant acceleration of (–2.0i + 4.0j) m/s2.  At the instant the y coordinate of the particle is 18 m, what is the x coordinate of the particle?



a.
30 m



b.
21 m



c.
27 m

d. 24 m

e. 45 m

42.
Motion in two dimensions. A track star in the broad jump goes into the jump at 12 m/s and launches himself at 20( above the horizontal.  How long is he in the air before returning to Earth?

Chapter 5. 


16.
. A block is pushed up a frictionless 30( incline by an applied force as shown.  If F = 25 N and M = 3.0 kg, what is the magnitude of the resulting acceleration of the block?
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a.
2.3 m/s2


b.
4.6 m/s2


c.
3.5 m/s2


d.
2.9 m/s2


e.
5.1 m/s2

28.
A 2.0-kg object has a velocity of 4.0i m/s at t = 0.  A constant resultant force of 
(2.0i + 4.0j) N then acts on the object for 3.0 s.  What is the magnitude of the object's velocity at the end of the 3.0-s interval?



a.
9.2 m/s



b.
6.3 m/s



c.
8.2 m/s

d. 7.2 m/s

e.
7.7 m/s

14.
The system shown is released from rest and moves 50 cm in 1.0 s.  What is the value of M?  All surfaces are frictionless.
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a.
0.42 kg



b.
0.34 kg



c.
0.50 kg



d.
0.59 kg



e.
0.68 kg

36.
   
In the figure shown, the coefficient of kinetic friction between the block and the incline is 0.29.  What is the magnitude of the acceleration of the suspended block as it falls?  Disregard any pulley mass or friction in the pulley.
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a.
5.4 m/s2


b.
5.2 m/s2


c.
4.9 m/s2


d.
5.6 m/s2


e.
7.9 m/s2

57.
 In order to jump off the floor, the floor must exert a force on you



a.
in the direction of and equal to your weight.



b.
opposite to and equal to your weight.



c.
in the direction of and less than your weight.



d.
opposite to and less than your weight.



e.
opposite to and greater than your weight.

Chapter 6. Uniform circular motion

7.
 A highway curve has a radius of 0.14 km and is unbanked.  A car weighing 12 kN goes around the curve at a speed of 24 m/s without slipping.  What is the magnitude of the horizontal force of the road on the car?



a.
12 kN



b.
17 kN



c.
13 kN



d.
5.0 kN



e.
49 kN

Chapter 7. Work and Energy


8.
A 1.4-kg block is pushed up a frictionless 14( incline from point A to point B by a force (magnitude P = 6.0 N) as shown in the figure.  Points A and B are 1.2 m apart.  If the kinetic energies of the block at A and B are 3.0 J and 4.0 J, respectively, how much work is done on the block by the force P between A and B?
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a.
7.2 J



b.
3.0 J



c.
5.0 J



d.
1.0 J

e. 4.0 J

36.
A 10-kg block on a rough horizontal surface is attached to a light spring (force constant = 1.4 kN/m).  The block is pulled 8.0 cm to the right from its equilibrium position and released from rest.  The frictional force between the block and surface has a magnitude of 30 N.  What is the kinetic energy of the block as it passes through its equilibrium position?



a.
4.5 J



b.
2.1 J



c.
6.9 J



d.
6.6 J



e.
4.9 J

Chapter 8. Potential energy and conservation of energy


15.
A 0.04-kg ball is thrown from the top of a 30-m tall building (point A) at an unknown angle above the horizontal.  As shown in the figure, the ball attains a maximum height of 10 m above the top of the building before striking the ground at point B.  If air resistance is negligible, what is the value of the kinetic energy of the ball at B minus the kinetic energy of the ball at A?
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a.
12 J



b.
–12 J



c.
20 J



d.
–20 J



e.
32 J

21.
A spring (k = 200 N/m) is suspended with its upper end supported from a ceiling.  With the spring hanging in its equilibrium configuration, an object (mass = 2.0 kg) is attached to the lower end and released from rest.  What is the speed of the object after it has fallen 4.0 cm?



a.
90 cm/s



b.
79 cm/s



c.
96 cm/s



d.
83 cm/s



e.
57 cm/s


39.
A 1.2-kg mass is projected down a rough circular track (radius = 2.0 m) as shown.  The speed of the mass at point A is 3.2 m/s, and at point B, it is 6.0 m/s.  How much work is done on the mass between A and B by the force of friction?
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a.
–8.9 J



b.
–7.3 J



c.
–8.1 J



d.
–6.6 J

f. –24 J

Chapter 9 Linear Momentum and Collisions

8. A 12-g bullet is fired into a 3.0-kg ballistic pendulum initially at rest and becomes embedded in it.  The pendulum subsequently rises a vertical distance of 12 cm.  

What was the initial speed of the bullet?


(6 points)


16.
A 12-g bullet moving horizontally strikes and remains in a 3.0-kg block initially at rest on the edge of a table.  The block, which is initially 80 cm above the floor, strikes the floor a horizontal distance of 120 cm from its initial position.  What was the initial speed of the bullet?



a.
0.68 km/s



b.
0.75 km/s



c.
0.81 km/s



d.
0.87 km/s



e.
0.41 km/s


18.
A 2.0-kg object moving 5.0 m/s collides with and sticks to an 8.0-kg object initially at rest.  Determine the kinetic energy lost by the system as a result of this collision.



a.
20 J



b.
15 J



c.
30 J



d.
25 J



e.
5.0 J


24.
A 10-g bullet moving horizontally with a speed of 1.8 km/s strikes and passes through a 5.0-kg block initially at rest on a horizontal frictionless surface.  The bullet emerges from the block with a speed of 1.0 km/s.  What is the kinetic energy of the block immediately after the bullet emerges?



a.
8.0 J



b.
6.4 J



c.
5.3 J



d.
9.4 J



e.
10 J


26.
A 1.0-kg ball is attached to the end of a 2.5-m string to form a pendulum.  This pendulum is released from rest with the string horizontal.  At the lowest point in its swing when it is moving horizontally, the ball collides elastically with a 2.0-kg block initially at rest on a horizontal frictionless surface.  What is the speed of the block just after the collision?



a.
2.3 m/s



b.
4.7 m/s



c.
3.5 m/s



d.
3.0 m/s



e.
7.0 m/s


35.
A 5.0-g particle moving 60 m/s collides with a 2.0-g particle initially at rest.  After the collision each of the particles has a velocity that is directed 30( from the original direction of motion of the 5.0-g particle.  What is the speed of the 2.0-g particle after the collision?



a.
72 m/s



b.
87 m/s



c.
79 m/s



d.
94 m/s



e.
67 m/s

Chapter 10: Rotation of a Rigid Object About a Fixed Axis


23.
Two particles (m1 = 0.20 kg, m2 = 0.30 kg) are positioned at the ends of a 2.0-m long rod of negligible mass.  What is the moment of inertia of this rigid body about an axis perpendicular to the rod and through the center of mass?



a.
0.48 kg ( m2


b.
0.50 kg ( m2


c.
1.2 kg ( m2


d.
0.80 kg ( m2


e.
0.70 kg ( m2

49.
The rigid body shown is rotated about an axis perpendicular to the paper and through the point P.  If M = 0.40 kg, a = 30 cm, and b = 50 cm, how much work is required to take the body from rest to an angular speed of 5.0 rad/s?  Neglect the mass of the connecting rods and treat the masses as particles.
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a.
2.9 J



b.
2.6 J



c.
3.1 J



d.
3.4 J



e.
1.6 J

Chapter 11: Rolling Motion, Angular Momentum, Torque

2.
A particle located at the position vector r = (2i + 3k) m has a force F = (-i + 2k) N acting on it.  The torque about the origin is:

 

a.
(1j)N m



b.
(-1j)N m



c.
(7k)N m



d.
(–7j)N m



e.
(i + 5k)N m


26.
What is the angular momentum of the moon about the Earth? The mass of the moon is 
7.35  x 1022 kg, the center-to-center separation of the Earth and the moon is 3.84 x 105 km, and the orbital period of the moon is 27.3 days.

12.  Static equilibrium and Elasticity

4.
A uniform 100-lb beam is held in a vertical position by a pin at its lower end and a cable at its upper end.  A horizontal force (magnitude P) acts as shown in the figure.  If P = 75 lb, what is the tension in the cable?  (Note: You don't have to convert units here.)  (Hint: There Is a horizontal force acting on the pin. Setting up the torque equation will solve this problem).    
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a.
54 lb



b.
69 lb



c.
47 lb



d.
61 lb



e.
75 lb


9.
How large a force is necessary to stretch a 2-mm diameter copper wire 
(Y = 11 x 1010 N/m2) by 1%?



a.
2163 N



b.
3454 N



c.
6911 N



d.
11,146 N



e.
5,420 N

Chapter 13. Oscillatory Motion

6.
A mass m = 3 kg is attached to a spring with spring constant k = 3 N/m and oscillates with simple harmonic motion along the x-axis with an amplitude A = 0.10 m.  

(a) What is the angular frequency  of this oscillation?

(b) What is the period T and the frequency f of the oscillation?

(c) If the phase constant  = 0, write down expressions for the displacement, velocity and acceleration of the mass as a function of time.

(d) What is the maximum displacement, the maximum velocity and the maximum acceleration of the mass?

(e) What is the velocity of the mass when it is halfway between the equilibrium position and the maximum displacement (i.e. x = 5 cm).  

(f) What is the total energy of the oscillation?  

(g) If the amplitude is doubled, how does period change?

(h) If the amplitude is doubled, how does the energy change?

(see problem 2 , Midterm 3)


10.
A uniform rod (mass m = 1 kg and length L = 2 m) pivoted at one end oscillates in a vertical plane as shown below.  The period of oscillation (in s) is approximately
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a.
4.0



b.
1.6



c.
3.2



d.
2.3



e.
2.0

Chapter 15:  Fluid Mechanics


9.
A blimp is filled with 200 m3 of helium.  How much mass can the balloon lift?  The density of helium and air are given on the first page.



a. 
115 kg



b. 
215 kg



c. 
315 kg



d. 
415 kg



e. 
37 kg


15.
The water level in a reservoir is maintained at a constant level.  What is the exit velocity in an outlet pipe 3.0 m below the water surface?



a. 
2.4 m/s



b. 
3.0 m/s



c. 
5.4 m/s



d. 
7.7 m/s



e. 
49 m/s


17.
Water pressurized to 3.5 x 105 Pa is flowing at 5.0 m/s in a pipe which contracts to 1/3 its former area.  What is the pressure and velocity of the water after the contraction?



a.    2.5 x 105 Pa, 15 m/s



b.
3.0 x 105 Pa, 10 m/s



c.
3.0 x 105 Pa, 15 m/s



d.
4.5 x 105 Pa, 1.5 m/s



e.
5.5 x 105 Pa, 1.5 m/s


20.
The pressure inside a commercial airliner is maintained at 1 ATM (105 N/m2).  What is the outward force exerted on a 1 m x 2 m cabin door if the outside pressure (at 10 km height) is 0.3 ATM?



a. 
1.4 x 102 N



b. 
1.4 x 103 N



c. 
1.4 x 104 N



d. 
1.4 x 105 N



e. 
7.0 x 103 N

25.  A cube of wood having a side dimension of 18.6 cm and a density of 653 kg/m3 floats on water.



 (a) What is the distance from the horizontal top surface of the cube to the water level?




(b) How much lead weight must be placed on top of the cube so that its top is just level with the water?

26.  What must be the contact area between a suction cup (completely exhausted) and a ceiling if the cup is to support the weight of an 70.0 kg student?

How much weigh could be supported with such a device on the moon, where the air pressure is 0?  

27.   A balloon of radius 1.06 m floats at a constant height. If the density of air is 1.29 kg/m3, what is the mass of the balloon?  

Chapter 16. Wave Motion


1.
The speed of lightwaves in air is 3.0 x 108 m/sec.  The speed of sound waves in air is 
333 m/s.  How long between the time a lightning flash is seen and the thunderclap is heard if the lightning flash is 1.0 km away?



a. 
3.0 s



b.
5.0 s



c.
7.0 s



d.
10 s



e.
1.0 s


2.
The wavelength of light visible to the human eye is on the order of 5 x 10–7 m.  If the speed of light in air is 3 x 108 m/s, find the frequency of the lightwave.



a. 
3 x 107 Hz



b.
4 x 109 Hz



c. 
5 x 1011 Hz



d.
6 x 1014 Hz



e.
4 x 1015 Hz


10.
The lowest A on a piano has a frequency of 27.5 Hz.  If the tension in the 2-m string is 
308 N, and one-half wavelength occupies the string, what is the mass of the wire?



a.
.025 kg



b.
.050 kg



c.
.072 kg



d.
.081 kg



e.
.037 kg


11.
If y = .02 sin (30x – 400t) (SI units), the frequency of the wave is



a.
30 Hz



b.
15/ Hz



c.
200/ Hz



d.
400 Hz



e.
800 Hz


12.
If y = .02 sin (30x – 400t) (SI units), the wavelength of the wave is



a.
/15 m



b.
15/ m



c.
60 m



d.
4.2 m



e.
30 m


13.
If y = .02 sin(30x – 400t) (SI units), the velocity of the wave is



a.
3/40 m/s



b.
40/3 m/s



c.
60/400 m/s



d.
400/60 m/s



e.
400 m/s


14.
If y = .02 sin (30x – 400t) (SI units), the angular frequency of the wave is



a.
30 rad/s



b.
30/2 rad/s



c.
400/2 rad/s



d.
400 rad/s



e.
40/3 rad/s


15.
If y = .02 sin (30x – 400t) (SI units), the wave number is



a.
30 m–1


b.
30/2 m–1


c.
400/2 m–1


d.
400 m–1


e.
60 m–1

17.
Write the equation of a wave, traveling along the +x axis with an amplitude of .02 m, a frequency of 440 Hz, and a speed of 330 m/sec.



a.
y = .02 sin [880 x/330 – t)]



b.
y = .02 cos [880 x/330 – 440t]



c.
y = .02 sin [880(x/330 + t)]



d.
y = .02 sin [2(x/330 + 440t)]



e.
y = .02 cos [2(x/330 + 440t)]


25.
A stone is dropped from rest into a well.  The sound of the splash is heard exactly 2 s later.  Find the depth of the well (speed of sound = 344 m/s).

Chapter 17. Sound Waves


4.
It is possible to hear an approaching train before you can see it by listening to the sound wave through the track.  If the elastic modulus is 2.0 x 1011 N/m2 and the density of steel is 7.8 x 103 kg/m3,  approximately how many times faster is the speed of sound in the track than in air?



a.
20



b.
5



c.
10



d.
15



e.
25

20.
A car approaches a stationary police car at 36 m/s.  The frequency of the siren (relative to the police car) is 500 Hz.  What is the frequency (in Hz) heard by an observer in the moving car as he approaches the police car?  (Assume the velocity of sound in air is 
343 m/s.)



a.
220



b.
448



c.
5264



d.
552



e.
383


21.
A car moving at 36 m/s passes a stationary police car whose siren has a frequency of 
500 hz.  What is the change in the frequency (in Hz) heard by an observer in the moving car as he passes the police car?



a.
416



b.
208



c.
105



d.
52



e.
552


23.
A truck moving at 36 m/spasses a police car moving 45 m/s headed in the opposite direction.  If the frequency of the siren is 500 Hz relative to the police car, what is the frequency heard by an observer in the truck after the police car passes the truck? (The speed of sound in air is 343 m/s.)



a.
361



b.
636



c.
393



d.
396



e.
383


25.
How fast (in m/s) is the Concorde moving if it reaches Mach 1.5? (The speed of sound in air is 343 m/s.)



a.
229



b.
515



c.
416



d.
728



e.
858

Chapter 18


1.
Two harmonic waves are described by




y1 = 3 sin (4x – 700t) m




y2 = 3 sin (4x – 700t – 2) m



What is the amplitude of the resultant wave?



a.
8.0 m



b.
4.3 m



c.
6.0 m



d.
3.2 m



e.
3.0 m


2.
Two harmonic waves are described by

        
    y1 = 4 sin (8x – 300t) m

        
    y2 = 4 sin (8x – 300t – 2) m



What is the frequency of the resultant wave?



a.
300



b.
48



c.
8



d.
0.8



e.
150


3.
Two harmonic waves are described by




y1 = 5 sin (6x – 900t) m




y2 = 5 sin (6x – 900t – 2) m



What is the wavelength of the resultant wave?



a.
3 m



b.
2 m



c.
1 m



d.
4 m



e.
6 m


5.
Two harmonic waves are described by




y1 = 12 sin (3x – 5t) m




y2 = 12 sin (3x – 5t – 4) m



What is the displacement of the resultant wave at x = 1.0 m and t = 1.0 s?



a.
18 m



b.
1.4 m



c.
–3.2 m



d.
–1.6 m



e.
–10 m


11.
Two harmonic waves traveling in opposite directions interfere to produce a standing wave described by y = 3 sin (2x) cos 5t where x is in m and t is in s.  What is the approximate wavelength of the interfering waves?



a.
3 m



b.
1 m



c.
6 m



d.
12 m



e.
2 m


12.
Two harmonic waves traveling in opposite directions interfere to produce a standing wave described by y = 4 sin (5x) cos (6t) where x is in m and t is in s.  What is the approximate frequency of the interfering waves?



a.
3 Hz



b.
1 Hz



c.
6 Hz



d.
12 Hz



e.
5 Hz


14.
Two harmonic waves traveling in opposite directions interfere to produce a standing wave described by y = 2 sin (x) cos (3t) where x is in m and t is in s.  What is the distance (in m) between the first two antinodes?



a.
8



b.
2



c.
4



d.
1



e.
0.5


15.
A string is stretched and fixed at both ends, 200 cm apart.  If the density of the string is .015 g/cm, and its tension is 600 N, what is the wavelength (in cm) of the first harmonic?



a.
600



b.
400



c.
800



d.
1000



e.
200


16.
A string is stretched and fixed at both ends, 200 cm apart.  If the density of the string is 0.015 g/cm, and its tension is 600 N, what is the fundamental frequency?



a.
316 Hz



b.
632 Hz



c.
158 Hz



d.
215 Hz



e.
79 Hz


17.
A stretched string is observed to vibrate in three equal segments when driven by a 480 Hz oscillator.  What is the natural frequency of vibration for this string?



a.
480 Hz



b.
320 Hz



c.
160 Hz



d.
640 Hz



e.
240 Hz


18.
A clarinet behaves like a tube closed at one end. If its length is 1.0 m, and the velocity of sound is 344 m/s, what is its fundamental frequency (in Hz)?



a.
264



b.
140



c.
86



d.
440



e.
172


19.
An organ pipe opened at both ends has a radius of 4.0 cm and a length of 6.0 m.  What is the frequency (in Hz) of the third harmonic? (Assume the velocity of sound is 344 m/s.)



a.
76



b.
86



c.
54



d.
28



e.
129


21.
A length of organ pipe is closed at one end.  If the speed of sound is 344 m/s, what length of pipe (in cm) is needed to obtain a fundamental frequency of 50 Hz?



a.
28



b.
86



c.
344



d.
172



e.
688

Conceptual Problems

26.
A student wants to establish a standing wave on a wire 1.8 m long clamped at both ends.  The wave speed is 540 m/s.  What is the minimum frequency she should apply to set up standing waves?
Solutions:

1. Vectors 

(no answers given, know scalar product, vector addition, vector product,…)

2. Motion in one dimension 

29c

47c

4.  Motion in two dimensions

8c

42: 0.83 s

5.  The laws of motion, Newton’s laws, force,  

16a 

28a  

14b

36c

57e

6. Newton’s law and circular motion

7d

7. Work and Energy

8c

36b

8.  Potential energy and conservation of energy

15a

21b

39c

9. Linear Momentum and collisions

(see 2. Midterm)

16b

18a

24b

26b

35b

10. Rotation of a rigid object

23a

49b

11.  Rolling motion, angular momentum, torque

2d

26: 2.88(1034 kgm2/s

12. Static equilibrium and Elasticity 

4a

9b

13. Oscillatory Motion

6. (see problem 6 Midterm 3)

10d

15.  Fluid mechanics

9b

15d

17a

20d

25 [6.45] cm  [2.23] kg

26 [0.00677] m2; 0

27. 6.4 kg

16.  Wave motion

1a

2d

10b

11c

12a

13b

14d

15a

17a

25: 18.6

17.  Sound waves

4d

20d

21c

23d

25b

18.  Superposition and Standing waves

Chapter 18


1.
 :  d


2.
 :  b


3.
 :  c


5.
 :  a


11.
 :  a


12.
 :  b


14.
 :  d


15.
 :  b


16.
 :  c


17.
 :  c


18.
 :  c


19.
 :  b


21.
 :  d

26.
 :  150 Hz
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