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1. Correct answer: D

Note: [quantity] denotes: units of quantity
[7]= [F X If] =[r][m][a]= [Iength][mass][length /timez] =[mass] [Iength]2 / [time]2

2. Correct answer: A
Y

f\lg

Since the block slides down the incline at constant speed, the vector
sum of the Normal force, the gravitational force, and the frictional force
acting on the block must be zero.

Parallel to the incline’s surface:
a) —f +mgsin(B)=0 = 1N =mgsin(f)
Perpendicular to the incline’s surface: N

b) N-mgcos(8)=0 =  N=mgcos(p) mg

Dividing equation a) by equation b): f

LN _mesn()
N mgcos(f)
Hx :tan(ﬂ)

When the block slides at constant velocity, the coefficient of kinetic friction depends only upon the
angle the incline makes with the horizontal.

3. Correct answer:
0.0000 s g hlack box 0.5459 s 0.7001s

0.1429 s .
car_ > hlghWay Q {:}: I .. -
l0.00m

Average speed according to the times recorded for the rear wheels:

Iength 10.00m

=17.95m/s
time  (0.7001-.1429)s

ave
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4. Correct answer: B
Vave(between 0.5459 s and 0.7001 s) / vae(between 0.0000 s and 0.1429 s)?

Let L represent the distance between front wheels and back wheels.

Vave(from 0.5459 s to 0.7001s) _ I—/(07001_ 05459) _ 0.1429

= =0.9267
0.1429-0.0000) 0.1542

Vave(from 0.0000 s to 0.1429 s) L/(

5. Correct answer: E
Using conservation of momentum:

MV initial + M2V 2nitiar = MV final + M2V2 final
m, (+23.5) +m, (0) = m, (-4.00) + m, (15.0)
27.5m, =15.0m,
m, /m, =15.0/27.5
m,/m, =0.545

6. Correct answer: B

2.9979x10°8
V-V,

-0
(o ~ 100 ] m/s
- a 9.80 m/s?

j: 3.06x10%s

7. Correct answer: A

v? —vZ =2ad

29979x10° )
vZ —vZ 100 (mzls2

m/s?

_ =4.59%x10"m
2a 2x9.80

8. Correct answer: A

Ball weight = 154.0 N
Forearm weight = 22.0 N
Elbow to biceps connection: x = 0.0480 m.

\ 4

Elbow to center of gravity (c. g.) of forearm: d = 0.150m.

O

Elbow to ball’s center of gravity: L = 0.340 m.
The sum of torques about about any point is zero.

Using the elbow joint to calculate torques acting on the forearm:

Tbiceps forearmd (CW) + Wball L (CW) =0

cos(10.0°)(x)(ccw)+w

lg ravity
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Thiceps cos(10.0° )(x)(—cw) +Wigreamd (CW) +Wba”L( =0
Tbiceps — forearmd +WbaIIL (22 O)(O 150) 154 O (_mJ 1180N
X cos(l0.0") 0.0480cos 10 0° m

9. Correct answer: B

o Foet _ { - (369N/m)x +(93.7N) | %
{ —r(n369 N/m)(0.800 mr;+ (93.7N) | %

0.168kg
=-1199X m/s? =-1.20 X km/s?

10. Correct answer: D
The maximum speed occurs where the acceleration (and therefore the force) is zero.
—(369N/m)x + (93.7N): 0
93.7N

X=—=0.254m
369N/m

11. Correct answer: B

v
Letting down be the positive direction: 7
//g? after 1.65 s
2 s
y - yo = VOYt + %ayt Vmuzzle_ _?_)Q._OO
Y ~Y, =(0) +4(9.80m/s?)(1.655) =13.3m Earth
12. Correct answer: C
248 m m
muzzle 003(30 00) honzontal = @ =150.3 Z
150. 3 —
\% == = 174
muzzle cos (30 OO ) s
13. Correct answer: A TF

F =(m1+m2)g +(m1+m2)a

F =(m, +m,)(g +a)=(0.280kg)(9.80 + 2.2)m/s? = 3.36N Earth's surface

0.140 kg

0.140 kg
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14. Correct answer: B
Since the boy is moving in a circular orbit, his direction of motion is constantly changing. Even
though the magnitude of his velocity (i.e., his speed) is constant, the boy’s velocity is changing
because of the change in direction. The change in the velocity vector is toward the center of the
circular orbit. Therefore the boy has an acceleration toward the center of the circular orbit.

Therefore, the net force acting on the boy is radially inward.

15. Correct answer: D

F= GmE""’z‘“ Mhss _ Miss@ss
Rorbit
1 24 {Nmz j(kg)
ey = e _ (6.673x1071)(5.98 x10 2) kg?
Rooe  (6.38x10° +250x10°) (M)

N
=9.08— =9.08m/s?
aISS kg

16. Correct answer: C

W =F od =|F||d||cos (o)

@ is the angle between the force and the displacement.
F =3.50N,east + 6.00N,south

d =4.00m,west

The work done by the 3.50 N component is:
W, soneast = (3.50 N)(4.00 m)cos(1800) =-14.0J

The work done by the 6.00 N component is:
Wi sonsoutn = (6-00N)(4.00m)cos(90°) =0

The total work done by the push is therefore —14 J.
17. Correct answer: E

The work done = the change in energy of the object.

2
W = AE =E, -E :O—%mvfm =—%(125)(49.0)Z(k9 m ]=—1.50><105J
S

final — —init
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18. Correct answer: E

ceiling

Initial Final compressed
» p

R=0.250 m spring

gravity near |
""""" Earth’s surfacel i‘ ----( bead at rest
Vo—6.(£>m/s . :
spring !
0.400kg A (relaxed) A
Using conservation of energy:
Efinal = Einitial
1 1 1 1
5 KXinat +Mghg o + 5 MVi = > kxz +mgh,, + 5 mvie,
1 kG +MgR + 1 (O)2 _ Ly (0)2 +mg(0)+ L mv2,
2 2 2 2
%kxﬁnal +mgR = %mvfm (« With practice, one would probably start here.)

init

2

mv2, —2mgr M(VE —20R) (0.400)((6.00)" - 2(9.80)(0.250)) [kgmzlsz
m

J =80.7N/m
4 4
19. Correct answer: A

The momentum of the cannon-sled-cannon ball system is conserved (constant) in the Earth frame
of reference.

Let; B=ball, CS=cannon & sled, E=Earth, r.t.=relative to

Using the relative velocity formula to convert the ball’s velocity to the Earth frame:

Verte =Verics tVesrte
Verie =63.0m/S+Vesii e

Inserting this into the momentum equation:
Final momentum of the B-CS system = Initial momentum of the B-CS system =0

MesVes e + MgV e =0
MegVesre Mg (63-0 m/s +Ves it E) =0

(mCS +Mg )Vcs rt.E = Mg (63.0 m/s)

-m ~76.3
Vesre = LmJ(es.o m/s) = (mj(as.o m/s)=-3.15m/s

Vesree|=3.15m/s
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20. Correct answer: C

Find the weighted average of x:

Zmixi (2.00g)(5.00cm)+(8.00g)(5.00cm) + (6.00g) (5.00cm+5.00cm cos(60.0°) |
) Miotal 16.09
_(10.0+400+45.0)gcm
=y 16.0g

Xavg

=5.94 cm

21. Correct answer: D

A0 =8.50rev(2z7Y,, )=17.0zrad

w, =0

Using a formula from rotational kinematics:
Af =t +1at?

o200 _ 2(17.07)

== _( )2 =0.475rad/s?
15.0s

22. Correct answer: D

The direction of the force is in the same direction as the acceleration. Since the acceleration has a
negative x-component and a positive y-component, the acceleration vector lies in the 2" quadrant.

a= (-12.0? + 16.0]) m/s?
6 =tan™(16.0/-12.0) =-53.13°
angular direction = 180° -53.13° =127°

23. Correct answer: E

[F|=mla| = (4.50kg)/(-12.0)° +(16.0)° m/s> =90.0N

24. Correct answer: A

gravity
[Torque| =|F|(lever arm) R l
=mgR sin(a) P

= (2.45kg)(9.80m/s2)(0.180m)sin(35.0°) mg| oo
=2.48Nm v
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25. Correct answer: B

The frictional force acts at the contact point between the wheel and the

surface. The direction of the frictional force is to the left. Applying

Newton’s 2" Law:

21.0N(right ) +Fy,cyo, = (15.0kg)(0.800m/s? )(right )

Fircton = (15.0kg)(0.800m/s? ) (right ) - 21.0N(right )
Fricion = ~9-00N(right ) = 9.00N left)
|[Friction| = 9-00N

friction

26. Correct answer: A

0.800m/s?)(3.00s
:at :( )( )=9.60rad/s

o= —
R 0.250m

v

R

27. Correct answer: C
Using:

Impulse = change in momentum
and

F

25.0

The area under a force versus time graph =|impulse].

area=|impulse|=|Amomentum|
1 1

E-(300s)(25.0N)+§-(4.ooS)(250N)=87.5Ns=|mvf—rrwi|=(18.0kg)(vf)

v, =4.86m/s

28. Correct answer: D

Gauss’ Law relates the net flux of an electric field through a closed surface to the net charge

enclosed by that surface.

29. Correct answer: B

An adiabatic process is a process in which the system does not exchange heat with its

surroundings.

30. Correct answer: B

\Y; =f/1:[£]/1
2

_2av 27(365m/s)
T T 2.80m

=819rad/s

(N)

t 210N
Ffriction
R AR R
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31. Correct answer: E

18x10°1b

P = = 5488Ib/ft>
cravler (8)(10.1t) (41.1t)
1801b ,
P = = 480Ib/ft
Person (2)(0.75ft)(0.25ft)
M =11
P

person

32. Correct answer: D

Peop * %pvt%p = Pootom + % pV§ottom

Rep + %pvfop = (Rop +1210 Pa) +1 v om
%pvtf)p =(1210Pa) + 1 Ve om

%p(vfop —VZ om ) =1210N/m?

1(1.28kg/m?) ((145 m/s) —vZom ) =1210N/m?

Viottom =138 Mm/s

33. Correct answer: E
R1 =400. Q Rz = 600. Q

In the given circuit, the 300. Q resistor and the 400. O A NN /vv\/

resistor are in parallel, and those two are in series with

the 600. Q resistor. Rs =300. Q 250V
Requy = 600.Q2 +[300.Q ]| 400.0]
(300.)(400.)
6000+ 0~ 600.0+171.4Q = 771.4.0
300. + 400.
2 2.50)
p-_Y _(250) W =8.10 mW
R 771.4

equiv

Note: Series resistances add, while two parallel resistances combine as the product divided by the
sum. (This does not extend to three parallel resistances.)

34. Correct answer: C

The speed of a wave on a wire under tension depends upon the tension in the wire and the linear
density of the material making up the wire.

V= \/i: 454N =143.2m/s
A 0.332kg /15.0m

2L 2x15.0m
oundtie =y 143.2mis

t =0.209s
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35. Correct answer: D

Conservation of energy:

Carnot relationship:

Therefore:

T

Qy =W +Qy [T_CJ
H

_q,[1-1e
woaik)

w :(425)(1_
147 +273.15

W =116J

147.0 °C

Qn=4251]
— W=7

Qc

32.0°C

32.0+ 273.15jJ



