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1.   Correct Response:  E 

 Both work and torque have dimensions 

M ∙ L2

T2
 

 
2.   Correct Response:  C 

(30.0 km hr⁄ ) (
1000 m

km
) (

100 cm

m
) (

1.00 in

2.54 cm
) (

1 hr

3600 s
) = 328 in s⁄  

 

3.   Correct Response:  A 

Using a coordinate system with the +x direction toward the east and the +y direction 

toward the north  

𝐝𝐵𝐴 = 𝐫𝐵 − 𝐫𝐵 = 800 m �̂� − 600 m �̂� 

𝑑𝐵𝐴 = √𝑑𝐵𝐴𝑥
2 + 𝑑𝐵𝐴𝑦

2 = √(−600 m)2 + (800 m)2 = 1000 m 

𝜃𝐵𝐴 = tan−1
𝑑𝐵𝐴𝑦

𝑑𝐵𝐴𝑥
+ (180° 𝑖𝑓 𝑑𝐵𝐴𝑥 < 0)                                                   

= tan−1
800 m

−600 m
+ 180° = 126.9° (CCW from + x axis) = 36.9° west of north 

 

4.   Correct Response: C  

In the reference frame of the speeding car, the position of the speeding car is always 

zero.  The position of the patrol car in that reference frame is 

𝑥𝑝𝑐 = 𝑥𝑝𝑐0 + 𝑣𝑝𝑐0𝑡 +
1

2
𝑎𝑝𝑐𝑡2     ⟹     0 =  0 − (40.0

m

s
) 𝑡 +

1

2
(3.00

m

s2
) 𝑡2 

⟹     𝑡 = 0    or    𝑡 =  
40.0

m
s

1
2

(3.00
m
s2)

= 26.7 s 

 

5.   Correct Response: A   

Using a coordinate system with the +x direction toward the east and the +y direction 

toward the north, 

𝐯𝐷𝑇 = 𝐯𝐷 − 𝐯𝑇     ⟹     𝑣𝐷𝑇𝑥 = 𝑣𝐷𝑥 − 𝑣𝑇𝑥     𝑎𝑛𝑑    𝑣𝐷𝑇𝑦 = 𝑣𝐷𝑦 − 𝑣𝑇𝑦     ⟹ 

𝑣𝐷𝑇𝑥 = (30.0 knots) cos 225° − (20.0 knots) cos 60.0° = −31.2 knots 

𝑣𝐷𝑇𝑦 = (30.0 knots) sin 225° − (20.0 knots) sin 60.0° = −38.5 knots  

𝑣𝐷𝑇 = √𝑣𝐷𝑇𝑥
2 + 𝑣𝐷𝑇𝑥

2 = √(−31.2 knots)2 + (−38.5 knots)2 = 49.6 knots 

𝜃𝐷𝑇 = tan−1 (
𝑣𝐷𝑇𝑦

𝑣𝐷𝑇𝑥
) + 180° = tan−1 (

−38.5 knots

−31.2 knots
) + 180° = 231.0°  (51.1° S of W) 
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6.   Correct Response:  D  

𝑦 = 𝑦0 + 𝑣0𝑡 +
1

2
𝑎𝑦𝑡2     ⟹     

𝑡 =
−𝑣0 ± √𝑣0

2 − 2𝑎𝑦(𝑦0 − 𝑦)

𝑎𝑦
    ⟹ 

𝑡 =
−20.0 m/s ± √(20.0 m/s)2 − 2(−9.80 m/s2)(2.00 m − 0 m)

(−9.80 m/s2)
= 4.18 s    or   − 0.099 s 

 

7.   Correct Response:  C 

𝑣2 − 𝑣0
2 = 2𝑎(𝑦 − 𝑦0)     ⟹     𝑦 = 𝑦0 +

𝑣2 − 𝑣0
2

2𝑎
= 2.00 m +

0 − (20.0 m/s)2

2(−9.80 m/s2)
= 22.4 m  

8.   Correct Response:  B 

Recalling that an equation of constant accelerated motion is  

𝑥(𝑡) = 𝑥0 + 𝑣0𝑡 +
1

2
𝑎𝑡2     ⟹     

1

2
𝑎 = 2.00 m s2⁄     ⟹     𝑎 = 4.00 m s2⁄  

 

9.   Correct Response:  B 

This is a two-body problem.  For the sliding mass, use a coordinate system with the +xb 

direction parallel to and up the inclined plane.  For the mass m, use a coordinate system 

with the +ym direction vertically upward.  Then the constraint of the string is 

𝑎𝑥𝑏 = −𝑎𝑦𝑚 

6.00 kg block:     ∑ 𝐹𝑜𝑛 𝐵𝑥 = 𝑚𝑏𝑎𝑥𝑏     ⟹    −𝑚𝑏𝑔 sin 30.0° + 𝑇 = 𝑚𝑏𝑎𝑥𝑏 

mass m:     ∑ 𝐹𝑜𝑛 𝑚𝑥 = 𝑚𝑚𝑎𝑦𝑚     ⟹    −𝑚𝑚𝑔 + 𝑇 = −𝑚𝑚𝑎𝑥𝑏 

⟹    𝑚𝑏𝑔 sin 30.0° − 𝑚𝑚𝑔 = −𝑚𝑏𝑎𝑥𝑏−𝑚𝑚𝑎𝑥𝑏     ⟹     𝑚𝑚 =
𝑚𝑏𝑔 sin 30.0° +𝑚𝑏𝑎𝑥𝑏

𝑔 − 𝑎𝑥𝑏
 

⟹     𝑚𝑚 =
(6.00 kg)(9.80 m 𝑠2⁄ ) sin 30.0° + (6.00 kg)(2.00 m 𝑠2⁄ )

(9.80 m 𝑠2⁄ ) − (2.00 m 𝑠2⁄ )
= 5.31 kg 

 

10.   Correct Response:  B 

𝑊 = Δ𝐾 + Δ𝑈    ⟹    −𝜇𝑚𝑔𝑑 cos 𝜃 =
1

2
𝑚(𝑣2 − 𝑣0

2) + 𝑚𝑔Δℎ    ⟹ 

𝜇 = −
1
2
𝑚(𝑣2 − 𝑣0

2) + 𝑚𝑔Δℎ

𝑚𝑔𝑑 cos 𝜃
=

𝑔𝑑 sin 𝜃 − 1
2
(𝑣2 − 𝑣0

2)

𝑔𝑑 cos 𝜃
 

𝜇 =
(9.8 m s2⁄ )(1.50 m) sin 30.0° − 1

2
[(3.00 m s⁄ )2 − (1.00 m s⁄ )2]

(9.8 m s2⁄ )(1.50 m) cos 30.0°
= 0.263 
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11.   Correct Response:  E 

The drag force of the parachute is in the upward direction and has a magnitude 

𝐹𝑝𝑎𝑟𝑎𝑐ℎ𝑢𝑡𝑒 =
1

2
𝐶𝑑𝜌𝐴𝑣2 =

1

2
(0.800)(1.29 kg m3⁄ )(30.0 m2)(20.0 m s2⁄ )2 = 6.19 × 103 N 

Using a coordinate system with upward as the positive y direction, 

∑ 𝐹𝑦 = 𝑚𝑎𝑦     ⟹     𝐹𝑝𝑎𝑟𝑎𝑐ℎ𝑢𝑡𝑒 − 𝑚𝑔 = 𝑚𝑎𝑦     

⟹     𝑎𝑦 =
𝐹𝑝𝑎𝑟𝑎𝑐ℎ𝑢𝑡𝑒

𝑚
− 𝑔 =

6.19 × 103 N

80.0 kg
− 9.80 m s2⁄ = 67.6  m s2⁄  

 

12.   Correct Response:  D 

At terminal velocity, the net force is zero. 

1

2
𝐶𝑑𝜌𝐴𝑣2 − 𝑚𝑔 = 0    ⟹     𝑣 = √

2𝑚𝑔

𝐶𝑑𝜌𝐴
= √

2(80.0 kg)(9.80 m s2⁄ )

(0.800)(1.29 kg m3⁄ )(30.0 m2)
= 7.12 m s⁄  

 

13.   Correct Response:   B 

There are no external forces acting on the system, so the center of mass moves with 

constant velocity.  From the initial conditions, the center of mass velocity is 

𝑣𝑐𝑚 =
𝑚1𝑣1 + 𝑚2𝑣2

𝑚1 + 𝑚2
=

(4.00 kg)(2.00 m s⁄ ) + (3.00 kg)(−4.00 m s⁄ )

(4.00 kg) + (3.00 kg)
= −0.5714 m s⁄   

 

𝑥𝑐𝑚 − 𝑥0𝑐𝑚 = 𝑣𝑐𝑚𝑡 = (−0.5714 m s⁄ )(3.00 s + 6.00 s) = −5.14 m 

 

14.   Correct Response:  E 

A totally elastic collision is one in which the total kinetic energy of the system is the same 

after the collision as it was before the collision. 

   

15.   Correct Response:  D 

The T in the units represents the metric prefix tera = 1012. 

1 TeV = 1012 eV 

  

16.   Correct Response:  D   

𝑎 = √𝑎𝑐𝑒𝑛𝑡𝑟𝑖𝑝𝑒𝑡𝑎𝑙
2 + 𝑎𝑡𝑎𝑛𝑔𝑒𝑛𝑡𝑖𝑎𝑙

2 = √
𝑣2

𝑅
+ 𝑎𝑡𝑎𝑛𝑔𝑒𝑛𝑡𝑖𝑎𝑙

2 = √[
(10.0 m s2⁄ )

25.0 m
]

2

+ [3.00 m s2⁄ ]2 

       = 5.00 m s2⁄  
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17.   Correct Response:   B 

Δ𝐾 + Δ𝑈 = 0    ⟹     
1

2
𝑚𝑣2

2 − 
1

2
𝑚𝑣1

2 + 𝑚𝑔ℎ2 − 𝑚𝑔ℎ1 +
1

2
𝑘𝑥2

2 − 
1

2
𝑘𝑥1

2 = 0 

0 − 0 + (3.00 kg) (9.8
m

s2
) (−𝑑 − 0.40 m) +

1

2
(2000 N m⁄ )(𝑑2 − 0) = 0  ⟹ 

(1000 N m⁄ )𝑑2 − (29.4 N)𝑑 − 11.76 N ∙ m = 0    ⟹ 

𝑑 =
29.4 𝑁 ± √(29.4 N)2 − 4(1000 N m⁄ )(−11.76 N ∙ m)

2(1000 N m⁄ )
=     0.124 m    or   − 0.095 m 

 

18.   Correct Response:  A 

As the initial object is at rest, the total momentum before the explosion is zero.  By 

conservation of momentum, the total momentum after the explosion must also be zero. 

∑ 𝐩 = 0    ⟹     𝑚1𝐯1 + 𝑚2𝐯2 + 𝑚3𝐯3 = 0    ⟹     𝐯3 = −
𝑚1𝐯1 + 𝑚2𝐯2

𝑚3
 

𝐯3 = −
(3.00 kg)(200 �̂� + 300 �̂� + 200 �̂�) m s⁄ + (2.00 kg) ((100 �̂� − 400 �̂� − 200 �̂�) m s⁄ )

(4.00 kg)
 

   𝐯3 = (−200 �̂� − 25 �̂� − 50 �̂�) m s⁄  

 

19.   Correct Response:  E 

In static equilibrium, the net torque on the disk is zero.  Using counterclockwise as the 

positive rotation direction, 

∑ 𝜏 = 0    ⟹     𝑚𝑔𝑅 sin 90.0° − 𝐹(𝑅 2⁄ ) sin 60.0° = 0 

⟹    𝐹 =
2𝑚𝑔 sin 90.0°

sin 60.0°
=

2(20.0 kg)(9.80 m s2⁄ ) sin 90.0°

sin 60.0°
= 453 N 

 

20.   Correct Response:  B 

𝐼 = 𝐼𝑐𝑚 + 𝑚𝑑2     ⟹     𝑑 = √
𝐼 − 𝐼𝑐𝑚

𝑚
= √

1.200 kg ∙ m2 − 0.800 kg ∙ m2

2.00 kg
= 0.447 m 

 

21.   Correct Response:  C 

𝑔 =
𝐺𝑀𝑒

𝑅𝑒
2 =

𝐺𝑀𝑝𝑙𝑎𝑛𝑒𝑡

𝑅𝑝𝑙𝑎𝑛𝑒𝑡
2 =

𝐺(4.00)𝑀𝑒

𝑅𝑝𝑙𝑎𝑛𝑒𝑡
2     ⟹     𝑅𝑝𝑙𝑎𝑛𝑒𝑡 = √(4.00)𝑅𝑒

2 = 2.00𝑅𝑒 

 

22.   Correct Response:  D 

𝑃1 + 𝜌𝑔ℎ1 +
1

2
𝜌𝑣1

2 = 𝑃2 + 𝜌𝑔ℎ2 +
1

2
𝜌𝑣2

2     ⟹     𝑃2 = 𝑃1 + 𝜌𝑔(ℎ1 − ℎ2) +
1

2
𝜌(𝑣1

2 − 𝑣2
2) 

As the fluid is incompressible and the cross-section of the pipe is uniform, 𝑣1 = 𝑣2.    

𝑃2 = 200 × 103 Pa + (5.00 × 103  kg m3⁄ )(9.80 m s2⁄ )(2.00 m − [−8.00 m]) = 

= 6.90 × 105 Pa = 690 kPa 
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23. Correct Response:  C 

𝑉𝐿 = 𝐼𝐿𝑋𝐿 = 𝐼𝐿𝜔𝐿 = (2.00 A)(80.0 s−1)(50.0 × 10−3 H) = 8.00 V 

 

24.   Correct Response:  D 

𝑅𝑒𝑞 = 2.00 Ω + 6.00 Ω = 8.00 Ω    ⟹     𝐼 =
𝑉

𝑅𝑒𝑞
=

40.0 V

8.00 Ω
= 5.00 A 

𝑉6.00 Ω = 𝐼(6.00 Ω) = (5.00 A)(6.00 Ω) = 30.0 V 

 

25.      Correct Response:  D 

𝐄 =
𝑘𝑞1

𝑟1
2 �̂�𝟏 +

𝑘𝑞2

𝑟2
2 �̂�𝟐

=
(8.99 × 109  

N ∙ m2

C2 ) (20.0 × 10−6 C)

(40.0 × 10−2 m)2
(−�̂�) +

(8.99 × 109  
N ∙ m2

C2 ) (−50.0 × 10−6 C)

(60.0 × 10−2 m)2
(�̂�) 

       = −2.38 × 106  N C⁄  �̂� 

 

26.   Correct Response:  D 

Δ𝑈 = 𝑞Δ𝑉 = 𝑘𝑞 {𝑞1 (
1

𝑟1𝑓
−

1

𝑟1𝑖
) + 𝑞2 (

1

𝑟2𝑓
−

1

𝑟2𝑖
)}     ⟹ 

Δ𝑈 =

= (8.99 × 109  
N ∙ m2

C2 ) (30.0 × 10−6 C) {(20.0 × 10−6 C) (
1

30.0 × 10−2 m
−

1

30.0 × 10−2 m
)

+ (−50.0 × 10−6 C) (
1

130.0 × 10−2 m
−

1

70.0 × 10−2 m
)} = 8.90 J 

 

27.   Correct Response:  B 

𝑚𝜆 = 𝑎 sin 𝜃 =
𝑎𝑦

𝐿
    ⟹     𝑑 = 𝑦+1 − 𝑦−2 =

(+1)𝜆𝐿

𝑎
−

(−2)𝜆𝐿

𝑎
 

⟹     𝑎 = {(+1) − (−2)}
𝜆𝐿

𝑑
= 3

(600 × 10−9 m)(2.00 m)

(5.00 × 10−3 m)
= 7.20 × 10−4 m = 720 μm 

 

28.   Correct Response:  E 

1

𝑓
=

1

𝑠
+

1

𝑠′
    𝑎𝑛𝑑    𝑚 = −

𝑠′

𝑠
    ⟹     𝑚 =

𝑓

𝑓 − 𝑠
=

30.0 cm

30.0 cm − 20.0 cm
= 3.00 

 

29.   Correct Response:  D 

𝑃 =
𝑄

∆𝑡
=

𝑚𝐶∆𝑇

∆𝑡
= (2.00 kg)(800 J kg⁄ C°⁄ )(2.00 C° min⁄ )(1.00 min 60 s⁄ ) = 53.3 W 
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30.   Correct Response:  E 

|𝐸𝑀𝐹| = |
Δ𝜙𝐵

Δ𝑡
| = |

Δ𝐵 ∙ 𝐴 ∙ cos 𝜃

Δ𝑡
| = |

Δ𝐵 ∙ 𝐴 ∙ cos 𝜃

Δ𝑡
| = |

(0 − 3.00 T)𝜋(0.200 m)2

40.0 × 10−3 s
| =    9.42 V 

 

31.   Correct Response:  B 

𝑃1𝑉1

𝑃2𝑉2
=

𝑛1𝑅𝑇1

𝑛2𝑅𝑇2
    ⟹     𝑃2 =

𝑃1𝑉1

𝑉2

𝑛2𝑅𝑇2

𝑛1𝑅𝑇1
=

𝑃1𝑉1

𝑉2
=

𝑃𝑉

2.00𝑉
= 0.500𝑃 

 

32.   Correct Response:  A 

The change in internal energy of an ideal gas is proportional to the change in absolute 

temperature.  The process described is isothermal, meaning at constant temperature.  

As there is no change in temperature, there is no change in internal energy. 

 

33.   Correct Response:  E 

Each of the phenomena listed in responses a. through d. cannot be explained in terms of 

purely classical physics. 

 

34.   Correct Response:  C 

𝐿 =
𝐿0

𝛾
=  𝐿0√1 −

𝑣2

𝑐2
  ⟹     𝑣 = 𝑐√1 −

𝐿2

𝐿0
2 = 𝑐√1 −

(60.0 m)2

(80.0 m)
= 0.661𝑐 

 

35.   Correct Response:  E 

𝜆 =
1

𝜏
=

1

𝑇1 2⁄

ln 2
⁄

=
ln 2

𝑇1 2⁄
 

 

 


