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UNIVERSITI TEKNOLOGI PETRONAS FOUNDATION PROGRAM

FAP0025 PHYSICS II TUTORIAL QUESTIONS SOLUTIONS

REFERENCE: NMM, BSMS & HM, FOUNDATION PHYSICS, Prentice
Hall, 2006.

By Dr. John Ojur Dennis

CHAPTER 15

Q12 When two identical ions are separated by a distance of 6 2
10 10. , m the electrostatic

force each exerts on the other is 5 10 9.4 N. How many electrons
are missing from each ion?
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1060.1102.6
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Q16 Suppose the charge q2 in Figure 1930 can be moved left or
right along the line

connecting the charges q1 and q3. Given that q = +12 C , find
the distance from q1 where q2 experiences a net electrostatic force
of zero? (The charges q1 and q3 are separated by a fixed distance
of 32 cm.)

( )

( )( )

( )( )( )

cm 12m 12.0

m 44.0 ,m 12.00.22

10.00.2464.064.0

010.064.00.2m32.0

0.60.2

0m32.00.60.2

0m32.00.6
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2
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2
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22121
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Q29. Two identical point charges in free space are connected by
a string 6.6 cm long. The tension in the string is 0.21 N. (a) Find
the magnitude of the charge on each of the point charges. (b) Using
the information given in the problem statement, is it possible to
determine the sign of the charges? Explain. (c) Find the tension in
the string if +1 0. C of charge is transferred from one point
charge to the other. Compare with your result from part (a).

(a)

( ) C102.3C

N.m108.99

N 21.0m 066.0 7

2

29

2

2

=

==

=

kTrq

rkqT

(b) No, because the repulsive force which causes the tension in
the string depends only upon the magnitude, not the sign, of the
charges.

(c) Regardless of whether the charges are positive or negative,
a transfer of +1.0C will result in the charges having opposite
signs. So, the force between the charges will be attractive and the
tension will be zero.

Q69. A square with sides of length L has a point charge at each
of its four corners. Two corners that are diagonally opposite have
charges equal to +2 25. ; C the other two diagonal corners have
charges Q. Find the magnitude and sign of the charges Q such that
each of the +2 25. C charges experiences zero net force.

Place the square in the first quadrant with the 2.25-C charges
at (0, 0) and (L,

L), and the others with charge Q at (L, 0) and (0, L). Let the
2.25-C charges be called q. Note that the sign Q must be negative
or all of the charges would fly away from each other. Because of
the symmetry of the problem, if Q is found such that one of the
2.25-C charges experiences zero net force, the other one will also.
Set the net force on the charge at the origin equal to zero.

( )

( ) CCqqL

kqL

kqQFx

76

o2

2

2

1095.71025.242

22

21

225cos2

0

==

=

+==

The sign of Q is negative.
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Q76 An object of mass m = 3 7. g and charge Q = +44 C is
attached to a string and placed in a uniform electric field that is
inclined at an angle of 30.0 with the horizontal (Figure 1937). The
object is in static equilibrium when the string is horizontal. Find
(a) the magnitude of the electric field and (b) the tension in the
string.

(a)

Fx = 0 = QE cos TFy = 0 = QEsin mg

E = mgQsin =

(0.0037kg) 9.81 ms2( )

(44 10 6 C) sin 30.0 = 1.6 103 N/C

(b) T = QE cos = Qcos mgQsin

=

mgtan =

(0.0037 kg) 9.81 ms 2( )

tan30.0 = 6.3 102 N

Q78. Figure 1938 shows an electron entering a parallel-plate
capacitor with a speed of

5 106.45 . m / s The electric field of the capacitor has
deflected the electron downward by a distance of 0.618 cm at the
point where the electron exits the capacitor. Find (a) the
magnitude of the electric field in the capacitor and (b) the speed
of the electron when it exits the capacitor.

(a) Find the acceleration.

F = ma = qEa = q

mE
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Solve the equations of motion for a.

x = vty = 1

2at 2 = 1

2a

xv

2

= a x2

2v2

a = 2v2 yx2

= qm

E

Solve for E.

E = 2mv2 y

qx2= 2(9.11 10

31 kg) 5.45 106 ms( )2(0.00618 m)(1.60 1019 C)(0.0225m)2 = 4.13
10

3 N/C

(b)

22

2 2x

y

v vv y x v yv at

v xx

= = = =

2 2f

2 22

2

2

26

4

1 4

m 0.00618m5.45 10 1 4s 0.0225m

x yv v v

v yvx

yvx

= += +

= + = +

= 66.22 10 m s

CHAPTER 16

Q7. When an ion accelerates through a potential difference of
2850 V its electric potential energy decreases by 1.37 1015 J. What
is the charge on the ion?

15

191.37 10 J 4.81 10 C 3.002850 V

Uq eV

= = = = Q19. A particle with a mass of 3.5 g and a charge of
+0.045 C is released from rest at point

A in Figure 2021. (a) In which direction will this charge move?
(b) What speed will it have after moving through a distance of 5.0
cm? (c) Suppose the particle continues moving for another 5.0 cm.
Will its increase in speed for the second 5.0 cm be greater than,
less than or equal to its increase in speed in the first 5.0 cm?
Explain.

(a) The particle has a positive charge, so it will move in the
direction of the

electric field, which is the negative x-direction.
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(b) 212

mv q V qEd= =

( )6 NC2(0.045 10 C) 1200 (0.050 m)2 3.9 cm/s0.0035kg

qEdvm

= = = (c) Its increase in speed will be less than its increase
in speed in the first 5.0 cm

because v is proportional to the square root of the distance
traveled. Q31. Figure 2023 shows three charges at the corners of a
rectangle. (a) How much work

must be done to move the +2.7 - C charge to infinity? (b)
Suppose, instead, that we move the 6.1- C charge to infinity. Is
the work required in this case greater than, less than, or the same
as when we moved the +2.7 - C charge to infinity? Explain. (c)
Calculate the work needed to move the 6.1- C charge to
infinity.

(a) 1

23

6.1 C2.7 C3.3 C

qqq

= = +=

2 32 1

21 23

312

21 23

2 6 69 6

2 2 2

N m 6.1 10 C 3.3 10 C8.99 10 (2.7 10 C)0.25mC (0.25m)
(0.16m)

0.86 J

kq qkq qW Ur r

qqkqr r

= = = +

= + + =

(b) The 6.1 C charge is repelled by the 3.3 C charge more than
it is attracted by the 2.7 C charge. The work required will be
negative, which is less than the work required in part (a).

(c)

1 31 2

12 13

321

12 132 6 6

9 62

N m 2.7 10 C 3.3 10 C8.99 10 ( 6.1 10 C)0.25m 0.16mC

0.54 J

kq qkq qW Ur rqqkq

r r

= = = +

= + =

Q60. A parallel-plate capacitor has plates with an area of 405
cm2 and an air-filled gap

between the plates that is 2.25 mm thick. The capacitor is
charged by a battery to 575 V and then is disconnected from the
battery. (a) How much energy is stored in the capacitor? (b) The
separation between the plates is now increased to 4.50 mm. How much
energy is stored in the capacitor now? (c) How much work is
required to increase the separation of the plates from 2.25 mm to
4.50 mm? Explain your reasoning.
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(a)

( )2 2

2

20

12 4 2 2CN m

3

5

1212

1.00059 8.85 10 (405 10 m )(575 V)

2(2.25 10 m)

2.63 10 J

U CV

A Vd

= =

= =

(b) By doubling the separation, C is reduced by one half, but Q
stays the same, so V is doubled because

0

00

2 2QQV V

C C= = = .

50 0 0 0 0

1 1 (2 ) 2 5.27 10 J2 2

U QV Q V Q V E = = = = = (c) Since the energy stored in the
capacitor increased, 52.63 10 J .W U = = Q69. A point charge Q =
+87.1 C is held fixed at the origin. A second point charge,
with

mass m = 0.0526 kg and charge q = 2.37 C, is placed at the
location (0.323 m, 0). (a) Find the electric potential energy of
this system of charges. (b) If the second charge is released from
rest, what is its speed when it reaches the point (0.121 m, 0)?

(a)

( )229 6 6N mC8.99 10 (87.1 10 C)( 2.37 10 C)0.323 m

5.75 J

kQqUr

=

==

(b)

( )22

i i f f2

i f

2

i f

i f

9 6 6N mC

102

1 1 12

2 1 1

2 8.99 10 (87.1 10 C)( 2.37 10 C) 1 10.0526 kg 0.323 m 0.121
m

19.1 m/s

K U K UkQq kQqmv

r r

mv kQqr r

kQqvm r r

+ = ++ = +

= = =

=
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CHAPTER 17 Q23. It costs 2.6 cents to charge a car battery at a
voltage of 12 V and a current of 15 A for

120 minutes. What is the cost of electrical energy per
kilowatt-hour at this location?

( )3

1 h60 min

cost cost 2.6 cents 10 7.2 cents/kWhkWh power time k(15 A)(12
V)(120 min)

= = =

Q51. (a) Find the current in each resistor in Figure 2137. (b)
Is the potential at point A

greater than, less than, or equal to the potential at point B?
Explain. (c) Determine the potential difference between the points
A and B.

(a) 1 2 (I)I I I= + KK

1

1

0 12 V (3.9 ) (1.2 ) (9.8 )13.710 A (II)1.2

I I I

I I

= = KK

2

2

0 12 V (3.9 ) (6.7 ) 9.0 V (9.8 )3 13.7 A (III)

6.7 6.7

I I I

I I

= = KK

Substitute (II) and (III) into (I).

3 6.713.7 13.71.2 6.7

13.7 3 13.710 A A1.2 6.7 6.7

13.7 13.7 31 10 A A1.2 6.7 6.7

10 A A

1

0.72 A

I I I

I

I

I

= + + + = +

+= + +=

3 6.71 13.7 13.7

1.2 6.73 6.7

2 13.7 13.71.2 6.7

10 A A13.710 A 2 A1.2 1

10 A A3 13.7 A 1.0 A6.7 6.7 1

I

I

+ = = + + + = = + +

The currents through each resistor are as follows: 3.9 , 9.8 :
0.72 A; 1.2 : 2 A; 6.7 :1.0 A.

(b) The potential at point A is greater than that at point B
because the potential

has been decreased by the 1.2- resistor between A and B.

(c) 3 6.7

A B 13.7 13.71.2 6.7

10 A A13.710 A (1.2 ) 2 V1.2 1

V V + = = + +

Q64. The resistor in an RC circuit has a resistance of 145 . (a)
What capacitance must be

used in this circuit if the time constant is to be 2.5 ms? (b)
Using the capacitance determined in part (a), calculate the current
in the circuit 5.0 ms after the switch is
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closed. Assume that the capacitor is uncharged initially and
that the emf of the battery is 9.0 V.

(a) 32.5 10 s 17 F

145 C

R

= = =

(b) /

(5.0 ms) /(2.5 ms)

( )

9.0 V(5.0 ms)145 8.4 mA

tI t eR

I e

== =

Q70. You are given resistors of 413 , 521 , and 146 . Describe
how these resistors must

be connected to produce an equivalent resistance of 255 .
Connect the 521- and 146- resistors in series. Then, connect this
pair in parallel with the 413- resistor.

1

eq1 1 255

521 146 413 R

= + = + Q91. A battery has an emf and an internal resistance r.
When the battery is connected to a

25 - resistor, the current through the battery is 0.65 A. When
the battery is connected to 55 - resistor, the current is 0.45 A.
Find the batterys emf and internal resistance.

0 (0.65 A)(25 ) (0.65 A) .................(I)0 (0.45 A)(55 )
(0.45 A) .................(II)

rr

= =

Subtract (II) from (I).

0 8.5 V (0.20 A)r= 43 r =

8.5 V(0.65 A)(25 ) (0.65 A) 44 V0.20 A

= + =

CHAPTER 18

Q6 A particle with a charge of 14 C experiences a force of 2 2
10 4. N when it moves at

right angles to a magnetic field with a speed of 23 m/s. What
force does this particle experience when it moves with a speed of
6.8 m/s at an angle of 25 relative to the magnetic field?

1 1

1

1

sin 90F qv BFBqv

= =

( )m 4 5s1 22 2 2 1 2 m1 1 s6.8

sin sin 2.2 10 N sin 25 2.7 10 N23

F vF qv Fqv v

= = = =
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Q19 When a charged particle enters a region of uniform magnetic
field it follows a circular path, as indicated in Figure 2238. (a)
Is this particle positively or negatively charged? Explain. (b)
Suppose that the magnetic field has a magnitude of 0.180 T, the
particles speed is 6 0 106. / , m s and the radius of its path is
52.0 cm. Find the mass of the particle, given that its charge has a
magnitude of 160 10 19. . C Give your result in atomic mass units,
u, where 1 167 10 27 u kg= . .

(a) According to the RHR, a positively charged particle would
experience a force

to the left. Since the particle is experiencing a force to the
right, it must be negatively charged .

(b) ( )( )19

kg27 6 mu s

(1.60 10 C)(0.520 m)(0.180 T) 1.5 u1.67 10 6.0 10

erBmv

= = =

Q29 A wire with a length of 3.7 m and a mass of 0.75 kg is in a
region of space with a magnetic field of 0.84 T. What is the
minimum current needed to levitate the wire?

sin

sin

F mg ILBmgI

LB

= ==

I is minimized when 90 . = ( )2ms(0.75 kg) 9.81 2.5 A(3.7
m)(0.81 T)sin 90

I = = Q36 Two current loops, one square the other circular, have
one turn made from wires of

the same length. (a) If these loops carry the same current and
are placed in magnetic fields of equal magnitude, is the maximum
torque of the square loop greater than, less than, or the same as
the maximum torque of the circular loop? Explain. (b) Calculate the
ratio of the maximum torques, square circle/ .

(a) A circle has a larger area than a square when the perimeters
of each are equal.

So, since the torque is directly proportional to the area of the
loop, the maximum torque of the square loop is less than the
maximum torque of the circular loop.

(b) ( )( )

22square 4s s

2 2circle c c2

416 4

L

L

IA B A LIA B A L

= = = = =

Q60 A long, straight wire carries a current of 14 A. Next to the
wire is a square loop with

sides 1.0 m in length, as shown in Figure 2244. The loop carries
a current of 2.5 A in the direction indicated. (a) What is the
direction of the net force exerted on the loop? Explain. (b)
Calculate the magnitude of the net force acting on the loop.

(a) The current-carrying wire generates a magnetic field that is
directed into the

page, perpendicular to all four sides of the square loop. The
force on each side of the loop is directed away from the center of
the loop, perpendicular to each
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side, and in the plane of the loop. Because the force is
stronger closer to the wire, the net force is towards the wire
.

(b) Due to symmetry, the forces due to the sides of the loop
cancel.

( )

net close far

0 0

close far

0

close far7 T m

A

5

2 21 1

2

4 10 (1.0 m)(2.5 A)(14 A) 1 12 0.2 m 1.2 m

3 10 N

F ILB ILBI IIL

r rLII

r r

= =

= =

=

CHAPTER 19 Q14 A single conducting loop of wire has an area of 7
10 2 2.4 m and a resistance of

110 . Perpendicular to the plane of the loop is a magnetic field
of strength 0.28 T. At what rate (in T/s) must this field change if
the induced current in the loop is to be 0.32 A?

22 2

(1)

(0.22 A)(110 ) 3.3 10 T/s7.4 10 m

A BIR Nt t

B IRt A

= = = = = =

Q22 Figure 2330 shows a current-carrying wire and a circuit
containing a resistor R. (a)

If the current in the wire is constant, is the induced current
in the circuit clockwise, counterclockwise, or zero? Explain. (b)
If the current in the wire increases, is the induced current in the
circuit clockwise, counterclockwise, or zero? Explain.

(a) Since the current in the wire is constant, the magnetic
field through the circuit

does not vary with time, so the induced current is zero .

(b) Since the current in the wire is increasing, the magnetic
field through the circuit is increasing. And, since the magnetic
field is directed out of the page, the induced current in the
circuit will induce a magnetic field into the page. So, the current
in the circuit flows clockwise .

Q52 After the switch in Figure 2336 has been closed for a long
time the energy stored in

the inductor is 0.11 J. (a) What is the value of the resistance
R? (b) If it is desired that more energy be stored in the inductor,
should the resistance R be greater than or less than the value
found in part (a)? Explain.
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(a) 2 2

2 2

eq

1 1 1 1 12 2 2 7.5

U LI L LR R = = = +

2

1

2

1

3 2

1 1 27.5

2 17.5

2(0.11 J) 17.5 (62 10 H)(12 V)

40

UR L

URL

+ = = =

= (b) The energy stored in the inductor is inversely
proportional to the square of the

equivalent resistance. If the equivalent resistance is
decreased, the energy stored is increased. If R is decreased, the
equivalent resistance is decreased. So, the value of R should be
less than the value found in part (a).

Q79 A conducting rod of mass m is in contact with two vertical
conducting rails separated

by a distance L, as shown in Figure 2339. The entire system is
immersed in a magnetic field of magnitude B pointing out of the
page. Assuming the rod slides without friction, (a) describe the
motion of the rod after it is released from rest. (b) What is the
direction of the induced current (clockwise or counterclockwise) in
the circuit? (c) Find the speed of the rod after it has fallen for
a long time.

(a) Initially, the rod falls with the acceleration of gravity.
As the rod falls, the

induced current begins to flow, and the rod is acted upon by an
upward magnetic force. This causes the acceleration to decrease.
When the acceleration reaches zero, the rod falls with constant
speed.

(b) As the rod falls, the magnetic flux increases. The induced
emf opposes the increase, resulting in a clockwise flowing
current.

(c) mg ILBmgILB

==

2 2IR mg R mgRv

LB LB LB LB L B

= = = =
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CHAPTER 20 Q13 The maximum current in a 22 - F capacitor
connected to an ac generator with a

frequency of 120 Hz is 0.15 A. (a) What is the maximum voltage
of the generator? (b) What is the voltage across the capacitor when
the current in the circuit is 0.10 A and increasing? (c) What is
the voltage across the capacitor when the current in the circuit is
0.10 A and decreasing?

(a) maxmax max 1 60.15 A 9.0 V

2 (120 s )(22 10 F)C

IV X I

C = = = =

(b)

1 1max max

max

0.10 Asin( 90 ) sin sin 90 (9.04 V)sin sin 90 6.7 V0.15 A

IV V VI

= = = =

(c)

1 1max max

max

0.10 Asin sin 180 sin 90 (9.04 V)sin 180 sin 90 6.7 V0.15 A

IV V VI

= = = =

Q16 A capacitor has an rms current of 21 mA at a frequency of
60.0 Hz when the rms

voltage across it is 14 V. (a) What is the capacitance of this
capacitor? (b) If the frequency is increased, will the current in
the capacitor increase, decrease, or stay the same? Explain. (c)
Find the rms current in this capacitor at a frequency of 410
Hz.

(a) 3

rms1rms

1 27 10 A 6.0 F2 (60.0 s )(12 V)C

ICX V

= = = =

(b) The current in the capacitor is directly proportional to the
frequency, so the current will increase if the frequency
increases.

(c) 1 6rms rms 2 (410 s )(5.97 10 F)(12 V) 180 mAI CV = = = Q21
The rms current in an RC circuit is 0.72 A. The capacitor in this
circuit has a

capacitance of 13 F and the ac generator has a frequency of 150
Hz and an rms voltage of 95 V. What is the resistance in this
circuit?

2

2rms

rms22 2 2

rms1 6rms

1

1 95 V 1 100 0.72 A 2 (150 s )(13 10 F)

VZ RI C

VRI C

= = + = = =
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Q49 Consider the ac circuit shown in Figure 2432, where we
assume that the values of R, L, and C are the same as in the
previous problem, and that the rms voltage of the generator is
still 6.00 V. The frequency of the generator, however, is doubled
to 60.0 kHz. Calculate the rms voltage across (a) the resistor, R,
(b) the inductor, L, and (c) the capacitor, C. (d) Do you expect
the sum of the rms voltages in parts (a), (b), and (c) to be
greater than, less than, or equal to 6.00 V? Explain.

Again, find rms.I

( )3 1 6

rms rmsrms 22 1

22 3 1 3 1

2 (60.0 10 s )(0.100 10 F)

6.00 V

(2.50 ) 2 (60.0 10 s )(0.300 10 H)

69.3 mA

C

V VIZ

R L

= =+

= +

=

(a) rms, rms (69.3 mA)(2.50 ) 0.173 VRV I R= = =

(b) 3 1 3rms, rms (69.3 mA)2 (60.0 10 s )(0.300 10 H) 7.84 VLV I
L = = =

(c) rmsrms, 3 1 669.3 mA 1.84 V

2 (60.0 10 s )(0.100 10 F)C

IVC = = =

(d) Since the rms voltages are not all in phase, their sum will
be greater than the overall rms voltage of 6.00 V. (The sum of the
magnitudes of out-of-phase phasors is greater than the magnitude of
their vector sum.)

Q70 The phasor diagram for an RLC circuit is shown in Figure
2433. (a) If the resistance

in this circuit is 525 , what is the impedance? (b) If the
frequency in this circuit is increased, will the impedance
increase, decrease, or stay the same? Explain.

(a)

cos

525 606 cos cos30.0

RZ

RZ

== = =

(b) By inspection of the diagram, we see that XL > XC. If the
frequency is increased, 2 2( ) [ 1/( )]L CX X L C = will increase.
Since 2 2( ) ,L CZ R X X= + the impedance will increase if the
frequency is increased.
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CHAPTER 21 Q4 In an EM wave traveling west, the B field
oscillates vertically and has a frequency of

80.0 kHz and an rms strength of T.1075.6 9 What are the
frequency and rms strength of the electric field, and what is its
direction?

The frequency of the two fields must be the same: 80.0 kHz.

The rms strength of the electric field is E rms = cBrms = 3.00
108 m s( ) 6.75 109 T( )= 2.03 V m. The electric field is
perpendicular to both the direction of travel and the magnetic
field, so the electric field oscillates along the horizontal
north-south line.

Q19 The magnetic field in a traveling EM wave has an rms
strength of 28.5 nT. How long

does it take to deliver 235 J of energy to 2cm00.1 of a wall
that it hits perpendicularly? The energy per unit area per unit
time is

S = cB rms2

0

= 3.00 108 m s( ) 28.5 109 T( )2

4 107 T m A( ) = 0.194 W m2 . We find the time from

t = UAS

= 235 J( )1.00 104 m2( ) 0.194 W m2 = 1.21 10

7s = 140 days.

Q32 The oscillator of a 96.1-MHz FM station has an inductance of
H.8.1 What value

must the capacitance be? We find the capacitance from the
resonant frequency:

f0 = 12

1LC

12

;

96.1 106 Hz = 12

1

1.8 106 H( )C

12

, which gives C = 1.5 1012 F = 1.5pF.
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Q35 A satellite beams microwave radiation with a power of 10 kW
toward the Earths surface, 550 km away. When the beam strikes
Earth, its circular diameter is about 1500 m. Find the rms electric
field strength of the beam.

The rms electric field strength of the beam is given by

S = PA

= c0E rms2 ;10 103 W( ) 750m( )2

= 3.0 108 m s( ) 8.85 1012 C2 N m2( )E rms2 ,

which gives E rms2 = 2.1314 V2 m2, and E rms = 1.5V m.

CHAPTER 22 Q16 The image of a distant tree is virtual and very
small when viewed in a curved mirror.

The image appears to be 18.0 cm behind the mirror. What kind of
mirror is it, and what is its radius of curvature?

We take the object distance to be , and find the focal length
from

1d

o

+ 1d

i

= 1f

;

1

+

118.0 cm( )

=

1f

, which gives f = 18.0 cm.

Because the focal length is negative, the mirror is convex. Q29
Rays of the Sun are seen to make a 31.0 angle to the vertical
beneath the water. At

what angle above the horizon is the Sun? We find the incident
angle in the air from

n1 sin

1= n

2 sin

2;

1.00( ) sin 1 = 1.33( ) sin 31.0, which gives 1 = 43.2. Thus the
angle above the horizon is

90.0 1 = 90.0 43.2 = 46.8.
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Q30 An aquarium filled with water has flat glass sides whose
index of refraction is 1.52. A beam of light from outside the
aquarium strikes the glass at a 43.5 angle to the perpendicular
(Fig. 2349). What is the angle of this light ray when it enters (a)
the glass, and then (b) the water? (c) What would be the refracted
angle if the ray entered the water directly?

(a) We find the angle in the glass from the refraction at the
airglass surface:

n1 sin

1= n

2 sin

2;

1.00( ) sin 43.5 = 1.52( ) sin 2 , which gives 2 = 26.9. (b)
Because the surfaces are parallel, the refraction angle from the
first surface is

the incident angle at the second surface. We find the angle in
the water from

the refraction at the glasswater surface:

n2 sin

2= n

2 sin

3;

1.52( ) sin 26.9 = 1.33( ) sin 3, which gives 3 = 31.2. (c) If
there were no glass, we would have

n1 sin

1= n

3 sin

3;

1.00( ) sin 43.5 = 1.33( )sin 3, which gives 3 = 31.2. Note
that, because the sides are parallel,

3 is independent of the presence of

the glass.
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Q35 A light ray is incident on a flat piece of glass with index
of refraction n as in Fig. 2322. Show that if the incident angle is
small, the emerging ray is displaced a distance nntd )1( = from the
incident ray, where t is the thickness of the glass and is in
radians. [Hint: for small tansin, in radians.]

Because the glass surfaces are parallel, the exit beam will be
traveling in the

same direction as the original beam. We find the angle inside
the glass from

n

air sin = n sin .

If the angles are small, we use

cos 1, and sin , where is in radians.1.00( ) = n, or =

n.

We find the distance along the ray in the glass from

L = t

cos t.

We find the perpendicular displacement

from the original direction from

d = L sin ( ) t ( )= t

n

= t n 1( )n

.
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Q47 A stamp collector uses a converging lens with focal length
24 cm to view a stamp 18 cm in front of the lens. (a) Where is the
image located? (b) What is the magnification?

(a) We locate the image from

1d

o

+ 1d

i

= 1f

;

118 cm

+

1d

i

= 124 cm

, which gives di= 72 cm.

The negative sign means the image is 72 cm behind the lens
(virtual).

(b) We find the magnification from

m = did

o

= 72 cm( )18 cm( )= +4.0.

CHAPTER 23 Q7 In a double-slit experiment, it is found that blue
light of wavelength 460 nm gives a

second-order maximum at a certain location on the screen. What
wavelength of visible light would have a minimum at the same
location?

For constructive interference of the second order for the blue
light, we have

d sin = m

b= 2( )460nm( )= 920nm.

For destructive interference of the other light, we have

d sin = m +12( ), m = 0,1, 2, 3,K .

When the two angles are equal, we get

920nm = m +12( ), m = 0,1, 2, 3,K .

For the first three values of m , we get

920nm = 0 + 12( ), which gives = 1.84 103 nm;

920nm = 1+ 12( ), which gives = 613nm;

920nm = 2 + 12( ), which gives = 368 nm.

The only one of these that is visible light is 613nm.
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Q33 Light falling normally on a cmline-9700 grating is revealed
to contain three lines in the first-order spectrum at angles of
31.2, 36.4, and 47.5. What wavelengths are these?

We find the wavelengths from

d sin = m;1

9700 lines cm( )

10

2 m cm( )sin 31.2 = 1( )1, which gives 1 = 5.34 107 m =
534nm;1

9700 lines cm( )

10

2 m cm( )sin 36.4 = 1( )2 , which gives 2 = 6.12 107 m =
612nm;1

9700 lines cm( )

10

2 m cm( )sin 47.5 = 1( )3, which gives 3 = 7.60 107 m =
760nm.

Q36 White light containing wavelengths from 410 nm to 750 nm
falls on a grating with

.cmlines8500 How wide is the first-order spectrum on a screen
2.30 m away? We find the angles for the first order from

d sin = m = ;1

8500lines cm( )

10

2 m cm( )sin410 = 410 109 m( ), which givessin

410= 0.3485,so

410= 20.4;

18500lines cm( )

10

2 m cm( )sin750 = 750 109 m( ), which givessin

750= 0.6375, so

750= 39.6.

The distances from the central white line on the screen are

y410

= L tan410

= 2.30 m( )tan 20.4 = 0.855 m;y

750= L tan

750= 2.30 m( )tan 39.6 = 1.90 m.

Thus the width of the spectrum is

y

750 y

410= 1.90 m 0.855 m = 1.05 m.

Q37 A He-Ne gas laser which produces monochromatic light of a
known wavelength

m10328.6 7= is used to calibrate a reflection grating in a
spectroscope. The first-order diffraction line is found at an angle
of 21.5 to the incident beam. How many lines per meter are there on
the grating?

We find the angle for the first order from

d sin = m = ;d sin 21.5 = 6.328 107 m, which gives d = 1.73 106
m. The number of lines per meter is

1d

= 11.73 106 m = 5.79 10

5 lines m.
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CHAPTER 25 Q14 The wavelength at which the Sun emits its maximum
energy light is about 550 nm.

Assuming the Sun radiates as a blackbody, estimate (a) its
surface temperature and (b) its total emitted power.

(a) max T = 2.90 103 mK, T = 2.90 103 mK

max = 2.90 103 mK

550 109 m = 5.27 103 K . (b) P = AeT4 = [5.67 108
W/(m2K4)](4)(7.0 108 m)2(1.0)( 5273 K)4 = 2.7 1026 W . Q25 A source
of UV light has a wavelength of 150 nm. How much energy does one of
its

photons have expressed in (a) joules and (b) electron-volts?

(a) E = hf = hc = 1.24 103 eVnm

150 nm = 8.27 eV = 1.32 1018 J .

`(b) As in (a), E = 8.27 eV . Q34 The work function of a
material is 3.5 eV. If the material is illuminated with

monochromatic light ( = 300 nm), what are (a) the stopping
potential and (b) the cutoff frequency?

(a) eVo = Kmax = hf o = hc o = 1.24 103 eVnm

300 nm 3.5 eV = 0.63 eV.

So Vo = 0.63 V .

(b) fo = o h =

(3.5 eV)(1.6 1019 J/eV) 6.63 1034 Js = 8.4 10

14 Hz .

Q47 A monochromatic beam of X-rays with a wavelength of 0.280 nm
is scattered by a

metal foil. What is the wavelength of the scattered X-rays
observed at an angle of 45 from the direction of the incident
beam?

= C (1 cos ) = (2.43 1012 m)(1 cos 45) = 7.12 1013 m. So = o + =
2.80 1010 m + 7.12 1013 m = 2.81 1010 m = 0.281 nm .
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Q66 A hydrogen atom in its ground state is excited to the n = 5
level. It then makes a transition directly to the n = 2 level
before returning to the ground state. (a) What are the wavelengths
of the emitted photons? (b) Would any of the emitted light be in
the visible region?

(a) E = (13.6 eV)( 1 nf2 1 ni2 ). E52 = (13.6 eV)( 1 22 1 52 )=
2.856 eV. 52 = 1.24 10

3 E (in eV) nm =

1.24 103 2.856 nm = 434 nm . E21 = (13.6 eV)

( 1 12 1 22 )= 10.2 eV. 21 = 1.24 10

3 10.2 nm = 122 nm .

(b) Yes, the transition from n = 5 to n = 2 is in the visible
region (violet).

CHAPTER 26 Q8 An electron and a proton are moving with the same
speed. (a) Compared with the

proton, will the electron have (1) a shorter, (2) an equal, or
(3) a longer de Broglie wavelength? Why? (b) If the speed of the
electron and proton is 100 m s , what are their de Broglie
wavelengths?

(a) The electron will have (3) a longer de Broglie wavelength
due to its

smaller mass. The de Broglie wavelength is inversely
proportional to the

mass, = h mv .

(b) electron = h mv = 6.63 1034 Js

(9.11 1031 kg)(100 m/s) = 7.28 106 m .

proton = 6.63 1034 Js

(1.67 1027 kg)(100 m/s) = 3.97 109 m .

Q13 A proton traveling at a speed of 4.5 104 m/s is accelerated
through a potential

difference of 37 V. (a) Will its de Broglie wavelength (1)
increase, (2) remain the same, or (3) decrease, due to the
potential difference? Why? (b) By what percentage does the de
Broglie wavelength of the proton change?

(a) Its de Broglie wavelength will (3) decrease due to the
potential difference. The proton gains speed from the potential
difference, and the de

Broglie wavelength is inversely proportional to speed, = h mv .
(b) The initial kinetic energy of the proton is


	
22

Ko = 12 mv2o = 12 (1.67 1027 kg)(4.5 104 m/s)2 = 1.69 1018 J =
10.6 eV. Since the initial speed of the proton is 4.5 104 m/s, it
had taken 10.6 V to accelerate the proton from rest to this speed.
So V1 = 10.6 V and V2 = 10.6 V + 37 V = 47.6 V.

From Eq. 28.3: = 1.50 V nm, so 1

V .

Therefore, the percentage difference is

2 1 1 =

2 1 1 =

V1 V2

1 = 10.6 V 47.6 V 1 = 0.53 = 53% (a decrease) .

Q14 What is the energy of a beam of electrons that exhibits a
first-order maximum at an

angle of 25 when diffracted by a crystal grating with a lattice
plane spacing of 0.15 nm?

d sin = m, ) = d sin m = (0.15 109 m) sin 25

1 = 6.34 1011 m = 0.0634 nm.

From Eq. 28.3: = 1.50 V nm, ) V = 1.50 2 =

1.50 (0.0634)2 = 3.7 102 V.

Therefore, it is = 3.7 102 eV . Q16 According to the Bohr theory
of the hydrogen atom, the speed of the electron in the

first Bohr orbit is 2.19 106 m s. (a) What is the wavelength of
the matter wave associated with the electron? (b) How does this
wavelength compare with the circumference of the first Bohr
orbit?

(a) = h mv = 6.63 1034 Js

(9.11 1031 kg)(2.19 106 m/s) = 3.32 1010 m .

(b) = 2r1 = 2(0.529 1010 m) = 3.32 1010 m. So they are the same,
= 2r1, because it is a standing wave .
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CHAPTER 27 Q10

24 Mg and 25 Mg are two isotopes of magnesium. What are the
numbers of protons,

neutrons, and electrons in each if (a) the atom is electrically
neutral, (b) the ion has a 2 charge, and (c) the ion has a +1
charge?

(a) A neutral Mg atom has the same number of protons as
electrons (12).

For 24Mg: 12p , 24 12 = 12n , and 12e . For 25Mg: 12p , 25 12 =
13n , and 12e .

(b) With a 2 charge, the ion has two more electrons than the
neutral atom. For 24Mg: 12p , 24 12 = 12n , and 14e . For 25Mg: 12p
, 25 12 = 13n , and 14e .

(c) With a +1 charge, the ion has one fewer electron.

For 24Mg: 12p , 24 12 = 12n , and 11e . For 25Mg: 12p , 25 12 =
13n , and 11e .

Q24 Polonium-214 can decay by alpha decay. (a) The product of
its decay has how many

fewer protons than polonium-214: (1) zero, (2) one, (3) two, or
(4) four? Why? (b) Write the nuclear equation for this decay.

(a) In an decay, the proton number decreases by two. So the
decay product has

(3) two fewer protons.

(b) decay: 214 84Po 210 82Pb + 42He . Q25 A lead-209 nucleus
results from both alphabeta sequential decays and betaalpha

sequential decays. What was the grandparent nucleus? (Show this
result for both decay routes by writing the nuclear equations for
both decay processes.)

: 209 82Pb + 01e 20981 Tl; 209 81Tl + 42He 21383 Bi . : 20982 Pb
+ 42He 213 84Po; 213 84Po + 01e 213 83Bi . Q41 What period of time
is required for a sample of radioactive tritium (

3 H) to lose 80.0% of its activity? Tritium has a half-life of
12.3 years.

N t = N = No e t =

No t e t , ) e t = 0.20.
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So t = ln 0.20 = t1/2 ln 0.20

0.693 = (12.3 years) ln 0.20

0.693 = 28.6 years .

Q49 Francium-223 ( 87223 Fr) has a half-life of 21.8 min. (a)
How many nuclei are initially

present in a 25.0-mg sample of this isotope? (b) How many nuclei
will be present 1 h and 49 min later?

(a) The mass of one nuclei is (223 u)(1.66 1027 kg/u).

So there were 25.0 106 kg

(223 u)(1.66 1027 kg/u) = 6.75 1019 nuclei .

(b) t = 0.693 t1/2 t = 0.693

21.8 min (60 min + 49 min) = 3.465.

Thus, N = No e t , ) N No = et = e3.465 = 0.0313.

Therefore, there are (0.0313)(6.75 1019 nuclei) = 2.11 1018
nuclei .

CHAPTER 28 Q11 What would the daughter nuclei in the following
decay equations be? Can these

decays actually occur spontaneously? Explain your reasoning in
each case.

(a) 1022 Ne 1122Na + 10e , (b) 88226 Ra 86222Rn + 24He , (c)
8

16 O 612C + 24He For a reaction to occur spontaneously, the Q
value must be greater than zero.

(a) 2211Na . Q = (21.991384 u 21.994435 u me) c2 < 0. So no .
(b) 222 86Rn . Q = (226.025406 u 222.017574 u 4.002603 u) c2 >
0. So yes . (c) 12 6C . Q = (15.994915 u 12.000000 4.002603 u) c2
< 0. So no . Q30 Calculate the amounts of energy released in the
following fusion reactions: (a)

12 H + 12H 23He + 01 n, (b) 1

2 H + 13H 24He + 01 n.

(a) Q = (2mH-2 mH-3 mn)c2 = [2(2.014 102 u) 3.016 029 u 1.008
665 u](931.5 MeV/u) = 3.27 MeV .

(b) Q = (mH-2 + mH-3 mHe mn)c2 = (2.014 102 u + 3.016 029 u
4.002 603 u 1.008 665 u)(931.5 MeV/u) = 17.6 MeV .
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Q37 A neutrino created in a beta-decay process has an energy of
2.65 MeV. Assume that it is massless, and thus has the same
relationship between its energy and momentum as a photon (that is,
E = pc ). Determine the de Broglie wavelength of the neutrino.

Assuming the neutrino has no mass, E = pc = hc . Therefore = hc
E =

(6.63 1034 J)(3.00 108 m/s) (2.65 106 eV)(1.6 1019 J/eV) = 4.69
10

13 m .

Q41 The kinetic energy of an electron emitted from a 32 P
nucleus that beta decays into a

32S nucleus is observed to be 1.00 MeV. What is the energy of
the accompanying neutrino of the decay process? Neglect the recoil
energy of the daughter nucleus. (See Exercise 39.)

From Exercise 30.39, the maximum energy released in the decay
is

Q = (Mp MD)c2 = (31.973 908 u 31.972 072 u)(931.5 MeV/u) = 1.710
MeV. So the energy of the neutrino is 1.710 MeV 1 MeV = 0.71 MeV
.

Q64 Complete the following nuclear reactions:

(a) 36 Li + 11H 23He + 24He , (b) 2858 Ni + 12H 2859Ni + 11H

(c) 92235 U + 01 n 54138 Xe + 501 n + 3823Sr , (d) 49 Be( , n )
612C , (e) 8

16O (n, p) 716 N

Solution

(a) 11H . (b) 5928Ni .

(c) 9338Sr . (d) n or 10n . (e) 16 8O .

END OF TUTORIAL SOLUTIONS
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