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(b) The change in momentum of the cart equals the area under the graph.

�p = area = 2(½b1h1) + lw + 2(½b2h2)

�p = 2[½(0.01 s)(30 N)] + (0.02 s)(10 m/s) + 2[½(0.01 s)(10 N)]

�p = 0.6 N�s = 0.60 kg
m

s
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(c) Fnet =
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p

t
= ma
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004
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N s

s

�
= m(10 m/s2)

m = 1.5 kg

(d) KELost = ½mv1
2 - ½mv2

2 = ½(1.5 kg)(0.22 m/s)2 -½(1.5 kg)(0.18 m/s)2

KELost = 0.012 J
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2. (a) i. �F = Fg = Fc
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ii. v =
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(cross multiply and solve for T2)
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(square both sides)

1.26 x 109 s2 =
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(solve for R)

R = 1.59 x 108 m

(c) i. The resulting path will be an ellipse with an ii. The resulting path will be an ellipse with an

average radius larger than the orbit shown as The resulting path will be an ellipse with as

the dotted line. the dotted line.
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3. (a) I = �mri

2 = mL2 + mL2

I = 2mL2

(b) The linear (tangential) acceleration for a point on the edge of the central pole is equal to the

acceleration of the large block.

�F = maT

4mg - FT = 4maT

FT = 4mg - 4maT

FT = 4m(g - aT)

�� = I�

rFTsin� = Ir
a

r

T (multiply both sides by r, � is 90� and the sin 90� is one, F = Mg = 4mg)

r24m(aT - g) = 2mL2aT (divide both sides by 2m)

r22(g - aT) = L2aT

2r2g - 2r2aT = L2aT

2r2g =L2aT + 2r2aT

aT =
2

2

2

2 2

r g

L r�

(c) ___ Equal to 4mgD

�GPE = �KEtotal (the initial KE is zero and �GPE is 4mgD)

4mgD = KEfinal

(d) ___ Less

The blocks on the end of the string will have some gravitational potential energy. Therefore, in

this situation the change in gravitational potential energy is not all converted to kinetic energy of

the blocks; some is converted to the gravitational potential energy of the two blocks on the strings.

Thus, the intantaneous total kinetic energy of the the three blocks will be less than that in part (c.)

when the large block falls the same distance.
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1. (a) �E = ETC + EBC + ESU + EDU
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�E = (9 x109 N�m2/C2)
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(b) i.

ii. ___ Less because point P2 is farther from the point sources of charge than P1. The sum of the

x-components of the electric fields will be zero for point P2 (as well as P1). The sum of the y-components

of the electric fields will be smaller for point P2 than P1 because point P2 is farther from the point sources

of charge than P1.

(c) i. Vtotal = k
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Vtotal = (9 x 109 N�m2/C2)
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Vtotal = (9 x 109 N�m2/C2)
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Vtotal = (9 x 109 N�m2/C2)
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Vtotal = -1.125 x 108 V

(e) PEtotal = qTC(VBC + VSU + VDU) + qBC(VTC + VSU + VDU) + qSU(VTC + VBC + VDU) + qDU(VTC + VBC + VSU)
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PEtotal = -7.83 x109 J - 8.5 x109 J - 8.5 x109 J - 7.3 x109 J = -3.27 x1010 J = PEtotal
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ETC-Electric field from top of cloud (3 km),

EBC-Electric field from bottom of cloud (2 km),

ESU-Electric field from shallow underground (2 km),

EDU-Electric field from deep underground (3 km).
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2. (a) Using the equation V = �e
t

RC
�

with t = RC (the time constant, �) gives V = �e-1 = 0.368(10 V) = 3.68 V.

Read the time from the graph when the voltage is 3.68 V. This time, 60 minutes (3600 s), is the time

constant, � = RC. So, 3600 s = R(8.0 x 10-6 F)

R = 4.5 x 108 �

(b) C =� � 0

A

d

8.0 x 10-6 F = (5.6)(8.85 x 10-12 C2/N�m2)
A

x m10 10 4. �

A = 16 m2

(c) R = �
L

A

4.5 x 108 � = �
10 10

16

4

2

. x m

m

�

� = 7.2 x 1013 ��m

(d) Q = Q0e

t

RC
�

= C�e
t

RC
�

= (8.0 x 10-6 F)(10 V)
� �� �

e

S

x x F
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4 5 10 8 0 108 6. .�

Q = 1.5 x 10-5 C
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3. (a) I =
�
R

The direction would be to the left (conventional current).

(b) The direction of the current in the cable must be to the right. The force between two parallel wires

is away from one another when the currents are in opposite directions. [Further explanation: For

the force to be upward on the rod, the magnetic field generated by the current in the conducting

cable must be out of the page according to the second right-hand rule (put your fingers in the

direction of the current in the rod, rotate your wrist until your fingers can curl in the direction of

the magnetic field and your thumb will be pointing in the direction of the force on the

current-carrying rod in the presence of the magnetic field). For the magnetic field created by

thecurrent in the conducting cable to be out of the page in the vicinity of the rod, the current in the

cunducting cable must be to the right according to the first right-hand rule(put your thumb in the

direction of the current and the circular direction in which your fingers can curl show the direction

of the magnetic field created by the current-carrying conducting cable).]

(c) �F = Fc - Fg

�

�
0

2

I I

r
lR C - mg = 0 � �o x

T m

A
�

��

��
�

��
�4 10 7

Ic =
� �

mgr

x I lR2 10 7�

(d)  = B�A =
�

�
o

r

r d I

R
ldR

2.

. �

! =
�

�
o

r

r d

I l
dR

R2
�

�

!.
.

=
�

�
o

r

r dI l R
2

� �ln ] = � �" #�

�
o I l r d R

2
� � �ln ln

 =
�

�
o I l

r d

r2
�

��

	



�

�

ln

2001 CE & M


