Class: Physics 152 (section 001)  Homework Assignment # 7 SOLUTIONS
Instructor: Dr. Michael Pravica
Date Due: 10/18/09

Homework Assignment #7 Solutions: Problems 21.2, 21.3,21.8,21.12, 21.16, 21.17, 21.21, 21.26,
21.27,21.32,21.34, 21.36, 21.37, 21.47, 21.48, 21.54,
21.60

2. REASONING The magnmitude B of the magnetic field 1s given by B=

_F
|g0‘1-'sin g

(Equation 21.1), and we will apply this expression directly to obtain B.

SOLUTION The charge q,=-8.3x 10° C travels with a speed v=7T74 x 10° my/s at an
angle of 8= 52° with respect to a magnetic field of magnitude B and experiences a force of
magnitude F=5.4 x 107 N. According to Equation 21.1, the field magnitude is

q. -3
5 F 54107 N 07 1]

‘qd‘r‘sin.&? ‘—8.3":10_6 C {7.4'<106 111-"'5-:Jsi11 52°

Note in particular that it is only the magnitude ‘q0| of the charge that appears in this

calculation. The algebraic sign of the charge does not affect the result.

3. REASONING AND SOLUTION The speed of the electron can be determined using
el’=(1/2)m" so that

Gor (2(1.60x107° C)(19 000 V) i
v =] = |— — = 8.17x10" m/s
Vo om \I 911x107" kg

The magnetic force is given by

F=|g|vB sin@ = (1.60 x 107 C)(8.17 x 10" m/s)(0.28 T) sin 90.0° = | 3.7 x 107% N

mv.
la| B

m and v are the mass and speed of the particle, respectively. |q| 1s the magnitude of the

12. REASONING The radius r of the circular path 1s given by » = (Equation 21.2), where

charge. and B 1s the magnitude of the magnetic field. This expression can be solved directly

for B. since r, m, and v are given and g = +e, where e = 1.60 x 1077 C.

SOLUTION Solving Equation 21.2 for B gives

mv (3.06%107 kg )(7.2x10° m/s)

B L =[0.14 T]

el Fr60%107° cf(0.10 m)
(
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8. REASONING The drawing on the left shows the directions of the two magnetic
tields, as well as the velocity v of the particle. Each component of the magnetic field
15 perpendicular to the velocity, so each exerts a magnetic force on the particle. The

magnitude of the force 1s F = |gﬂ|1‘B sin# (Equation 21.1), and the direction can be

determined by using Right-Hand Rule No. 1 (RHR-1). The magnitude and direction
of the net force can be found by using trigonometry.

X

B, =0048T

SOLUTION
a. The magnitude F; of the magnetic force due to the 0.048-T magnetic field 1s

F = |go|vB, sin90.0° =(2.0x107° €)(4.2x10% m/s)(0.048 T)=4.0x107 N
The magnitude F, of the magnetic force due to the 0.065-T magnetic field 1s
F, =|qo|vB, sin90.0°= (2.0x107 C)(4.2x10% m/s}(0.065 T) =5.5x10 N

The directions of the forces are found using RHR-1, and they are indicated in the
drawing on the right. Also shown is the net force F, as well as the angle & that it
makes with respect to the +x axis. Since the forces are at right angles to each other,
we can use the Pythagorean theorem to find the magnitude F of the net force:

F=\F2+F} =\](4.0><m—3 1\')2 +(5.5><1{:r3 :~~~:l')2 =16.8x102 N

b. The angle & can be determined by using the inverse tangent function:

[F ) (4.0x10° N —
H=ta11_1| —L ‘=tan_1| R T |=m
L Fy ) L5.5x107 N )
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16. REASONING The speed of the a-particle can be obtained by applying the principle
of conservation of energy. recogmizing that the total energy is the sum of the
particle’s kinetic energy and electric potential energy. the gravitational potential
energy being negligible in comparison. Once the speed 1s known, Equation 21.1 can
be used to obtain the magnitude of the magnetic force that acts on the particle.
Lastly. the radius of its circular path can be obtained directly from Equation 21.2.

SOLUTION
a. Using A and B to denote the imitial positions, respectively, the principle of
conservation of energy can be written as follows:

1 1 2
3 nn‘é + EPEgy = Smvy + EPE, (1)
Final kinetic Final electric Tnitial kinetic Inifial electric
energy potential energy energy potential energy

Using Equation 19.3 to express the electric potential energy of the charge g, as

EPE = qgV, where Vis the electric potential, we find from Equation (1) that

12 1 2
mvg +qoVg =5mvay + 4oV (2)

-
Fa

Since the particle starts from rest, we have that v, =0m/s. and Equation (2)

indicates that

= > =|1.08x107 m/s
n 6.64x107"" kg

i} _‘qug{@—VB) 2[2[+1.5oxm—19 C”[l.zﬂxlﬂﬁ V)
o=

b. According to Equation 21.1, the magnitude of the magnetic force that acts on the
particle 1s

F =gq|vgBsin & = 2(1.60x10™ €)|(1.08x107 m/s)(2.20 T)sin90.0° =[7.60x1072 N

where &= 90.0°, since the particle travels perpendicular to the field at all times.

¢. According to Equation 21.2, the radius of the circular path on which the particle
travels 1s

mvg _ (:6'64“0_2? kg}[l.{}Sxm? 111.-"5)

= = : =0.102 m
20| B ‘2(1.50><m-19 C]‘{E.EG T)
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17. REASONING The drawing shows the velocity v of /B (out of paper)

the carbon atoms as they enter the magnetic field B.
The diameter of the circular path followed by the AT T~
carbon-12 atoms is labeled as 2r,. and that of the ,;f“““-\, \*
carbon-13 atoms as 2r;3. where  denotes the radius of 1 F‘f” ‘\ \\I
the path. The radius is given by Equation 21.2 as 1"1 1
3'=m]-‘.-"'{|q|B]. where ¢ 1s the charge on the ion 5, =

' 12
(g = +e). The difference Ad m the diameters is e =

=13

Ad =213 — 21}, (see the drawing).

SOLUTION The spatial separation between the two isotopes after they have traveled
though a half-cirele 1s

[(myv) _[mav 2y .
Ad =213 -2, =2 13 |-2| =2 ‘=_{}?113_n11'\:|
- . eB | | eB el =

J

2(6.667x10° m/s) ) -
=- — - (21.591077 kg -19.93x107 kg]=|1.63 x 1072 m
(1.60 x 107 c)(o.ssoa T)'

21. REASONING When the proton moves in the magnetic field, its trajectory 1s a circular path.
The proton will just miss the opposite plate if the distance between the plates 1s equal to the

radius of the path. The radius 1s given by Equation 21.2 as r=mv/ Hq|B} This relation can

be used to find the magnitude B of the magnetic field, since values for all the other variables
are known.

SOLUTION Solving the relation »=mv/ [|q‘B] for the magnitude of the magnetic field.

and realizing that the radius 1s equal to the plate separation, we find that

i - 27 Y o 5 )
;o (1.67 % 107" kg |{3.5x<10 m/s |
m_1 i '-[016 T

p=""_1" :
lalv (1.60 x 107° C}(0.23 m)

The values for the mass and the magnitude of the charge (which is the same as that of the
clectron) have been taken from the inside of the front cover.

26. REASONING The magnitude F of the magnetic force experienced by the wire 1s given by
F=1ILBsin@ (Equation 21.3), where I 1s the current. L 1s the length of the wire, B 1s the
magnitude of the earth’s magnetic field, and & is the angle between the direction of the
current and the magnetic field. Since all the variables are known except B, we can use this
relation to find its value.

SOLUTION Solving F =ILBsm & for the magnitude of the magnetic field, we have

_F 0.15N
ILsing (75 A)(45 m)sin60.0°

=151 % 10T
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. |SSM| REASONING AND SOLUTION The force on a current-carrying wire 1s given by

Equation 21.3: F= ILBsind. Solving for the angle 8. we find that the angle between the
wire and the magnetic field 1s

[ ]
~1

546N

&3':51'11"(—]— in7| - _ |=|57.6°
B (21.0 A)(0.655 m)(0.470 T) |

32. REASONING A maximum magnetic force is exerted on the wire by the tfield components
that are perpendicular to the wire, and no magnetic force is exerted by field components that
are parallel to the wire. Thus, the wire experiences a force only from the x- and y-
components of the field. The z-component of the field may be ignored. since it 1s parallel to
the wire. We can use the Pythagorean theorem to find the net field in the x. y plane. This
net field, then, 1s perpendicular to the wire and makes an angle of 8= 90° with respect to the

wire. Equation 21.3 can be used to calculate the magnitude of the magnetic force that this
net field applies to the wire.

SOLUTION  According to Equation 21.3, the magnetic force has a magnitude of
F=1LB sin & where I 1s the current, B 1s the magnitude of the magnetic field, L is the length

of the wire, and & is the angle of the wire with respect to the field. Using the Pythagorean
theorem, we find that the net field in the x, y plane is

B=.,/B? +B’

Using this field in Equation 21.3, we calculate the magnitude of the magnetic force to be

F=ILBsing=IL, B +B; sind

= (4.3 A)(025m)/(0.10T)* +(0.15T)" sin00°=
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34. REASONING Since the rod does not rotate about the axis at P, the net torque relative to
that axis must be zero: X7 = 0 (Equation 9.2). There are two torques that must be
considered, one due to the magnetic force and another due to the weight of the rod. We
consider both of these to act at the rod's center of gravity. which 1s at the geometrical center
of the rod (length = L), because the rod is uniform. According to Right-Hand Rule No. 1. the
magnetic force acts perpendicular to the rod and 1s directed up and to the left in the drawing.
Therefore, the magnetic torque 1s a counterclockwise (positive) torque. Equation 21.3 gives
the magnitude F of the magnetic force as F=ILB sin 90.0°, since the current is
perpendicular to the magnetic field. The weight i1s mg and acts downward, producing a
clockwise (negative) torque. The magnitude of each torque 1s the magnitude of the force
times the lever arm (Equation 9.1). Thus, we have for the torques:

rmag‘.rl\t‘tic:

=+(ILB)(L/2) and T eiaht = _{mg}[{:L:"E_} cos 5’]

e [—

force lever amm force lever arm

Setting the sum of these torques equal to zero will enable us to find the angle fthat the rod
makes with the ground.

SOLUTION Setting the sum of the torques equal to zero gives 7= Tmagnetic T Twveight = 0

and we have

+(ILB)(L/2)~(mg)[(L/2)cos&|=0 or cos@=—r
- mg

4.1A)(0.45m)(0.36 T
5 = co-l| (4-14)(0-45 m)( A e

(0.094 kg)(9.80 m/s” )

47. REASONING AND SOLUTION The magnitude B of the magnetic field at a distance r
from a long straight wire carrying a current [ is B = g J/(277). Thus, the distance 1s

I {4‘? x 107 T-m:’A}HSA]

o=

: 0.12m (21.5
27B 27(8.0x107 T) :

Ph 152 Assignment #7 Solutions Dr. Pravica



7

36. REASONING According to Equation 21.4, the torque 7 that the circular coil
experiences 1s 7= NJABsing, where N is the number of turns, I 1s the current, 4 1s

the area of the circle, B is the magnetic field strength, and ¢ 1s the angle between the

normal to the coil and the magnetic field. To use this expression, we need the area
: C. g, : : . .

of the circle, which 1s 77, where r 1s the radius. We do not know the radius, but

we know the length L of the wire, which must equal the circumference of the single
turn. Thus, L =2xr, which can be solved for the radius.

SOLUTION Using Equation 21.4 and the fact that the area 4 of acircle 1s A=n 2,
we have that

r=NIABsing=NI [Jr - )B sing (1)

Since the length of the wire 1s the circumference of the circle, or L =271, it follows

that the radius of the circle 1s » = - Substituting this result into Equation (1) gives
2T

. - "
F9 . (L . NI E .
r= NI(JI‘I"J35111$= NI Jr| 2— | Bs111<§>=4—5111<€>
\ \ T J A

The maximum torque T ax OCCUIS when ¢ = 90.0°, so that

1ax

a
I

NI2B (1)(4.30 A)(7.00x107> m}"(2.50 T)

= sm90.0°= 5in90.0°=[4.19%10~> N-m

max

A 4w

37. REASONING The magnmitude 7 of the torque that acts on a current-carrying coil
placed in a magnetic field is specified by r = NI4B sing (Equation 21.4), where N 1s the
number of loops i the coil, I 1s the current, A 1s the area of one loop, B is the magnitude of
the magnetic field, and ¢ 1s the angle between the normal to the coil and the magnetic field.
All the variables in this relation are known except for the current, which can. therefore, be
obtamed.

SOLUTION Solving the equation 7 = NI4B sing for the current / and noting that ¢= 90.0°
since 71s specified to be the maximum torque, we have

I r B 58 N-m
N4Bsing  (1200)(1.1 x 107 m?}(0.20 T)sin90.0°

=224
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48. REASONING The magnitude B of the magnetic field in the interior of a solenoid that has a
length much greater than its diameter 1s given by B = uynl (Equation 21.7), where
g g g ¥ Hy q
fhg = 4T > 10~ T-m/A is the permeability of free space, n is the number of turns per meter

of the solenoid’s length, and I 1s the current in the wire of the solenoid. Since B and I are
given, we can solve Equation 21.7 for n.

SOLUTION Solving Equation 21.7 for n. we find that the number of turns per meter of
length 1s

n= B _ : - 7.0 T —_—]2.8x10" turns/m
ol (4mx107" T-m/A)(2.0x10” A

54. REASONING AND SOLUTION The net force on the wire loop is a sum of the

forces on each segment of the loop. The forces on the two segments perpendicular
to the long straight wire cancel each other out. The net force on the loop 1s therefore
the sum of the forces on the parallel segments (near and far). These are

F,..=u I LLI2rd, )= u,(12 A)(25 A)(0.50 m)/[27 (0.11 m)] =2.7 x 107 N
Fo, =u L LLIQ2md, ) = py(12 A)(25 A)(0.50 m)/[27 (0.26 m)] =1.2x 10" N

Note: F,__1s a force of attraction, while F,_1s a repulsive one. The magnitude of
the net force is, therefore,

F=F__—F,=27x10°"N-12x10"N =|1.5x107*N
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60. REASONING Since the two wires are next to each other. the net magnetic field 1s
everywhere parallel to A¢ in Figure 21.40. Moreover, the net magnetic field B has

the same magnitude B at each point along the circular path, because each point 15 at
the same distance from the wires. Thus, i Ampére's law (Equation 21.8), B =B,

I'=1I+1,, and we have
IBAL=B(ZAl) =y (L +1))
But ZA( 1s just the circumference (21r) of the circle, so Ampére's law becomes
B(27r)=py (I, +1,)
This expression can be solved for B.

SOLUTION
a. When the currents are in the same direction, we find that

) _7 )
(L +1) (47x107 T-m/A)(28 A+12 A) i
5 tolh 4)={~ ) Lo 1L1x107° T
2Ty 27(0.72m)

b. When the currents have opposite directions. a similar calculation shows that

' _7 .- .
1 (I — 1, Ar=107" T -m'A EEA—HA}
B=‘[‘5’{1 ‘)={* }{ =] 44%107° T
2Ty 27(0.72m)
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