MASSACHUSETTS INSTINUTE OF TECHNOLOGY
ESG Physics

8.02 with Kai Spring 2003
Problem Set 9 Solution

Problem 1: 30-7 and 8

A conductor consists of a circular loop of radius R =0.100 m and two straight, long

sections, as shown below. The wire lies in the plane of the paper and carries a current of

1 =7.00 A . Determine the magnitude and direction of the magnetic field at the center of
the loop.

1=7.00A

Solution:

We can think of the total magnetic field as the superposition of the field due to the long

straight wire (having magnitude % directed into the page) and the field due to the
V4

. . . 1 . . .
circular loop (having magnitude #0” and directed into the page). The resultant magnetic

field 1s
B=(1+ij”01 (1.1)

which gives

B =58.0 4T directed into the page (1.2)




Problem 2: 30-9

The segment of wire below carries a current of / =5.00 A , where the radius of the
circular arc is R =3.00 cm . Determine the magnitude and direction of the magnetic field
at the origin.

=

Solution:

For the straight sections
dsxr=0 (2.1)

The quarter circle makes one-quarter of the field of a full loop. Therefore

-1 ud  ul .
B =—2" =" into the paper 2.2
4 2R R pap 2.2)

which gives

B =26.2 4T into the paper (2.3)




Problem 3: 30-24

A cylindrical conductor of radius R = 2.50 cm carries a current of / =2.50 A along its
length; this current is uniformly distributed throughout the cross-section of the conductor.

(a) Calculate the magnetic field midway along the radius of the wire (that is, at

R
r=—
5)

(b) Find the distance beyond the surface of the conductor at which the magnitude of

the magnetic field has the same value as the magnitude of the field at » =§

Solution:
For r<a,

Hol ;

B=
27a’

Substituting, you will get

For magnetic field beyond the conductor’s surface, we have

Mol

27 B

Substituting, B =10.0 xT, we will have

r=0.0500 m

(3.1)

(3.2)

(3.3)

(3.4)

which means when it is 2.50 cm beyond the conductor’s surface, the magnitude of the

magnetic field has the same value as the magnitude of the field at :g



Problem 4: 31-9

A loop of wire in the shape of a rectangle of width w and length L and a long, straight
wire carrying a current / lie on a tabletop as shown below.

(a) Determine the magnetic flux through the loop due to the current /.

(b) Suppose that the current is changing with time according to [ = a + bt , where a
and b are constants. Determine the induced emf in the loop if 5=10.0 A/s,
h=1.00cm, w=10.0 cm, and L =100 cm . What is the direction of the induced
current in the rectangle?

Solution:
(@)
d®, =B-dA =2"—01de 4.1
X
Therefore,
®, :J-h+w@ HoIL _ HolL In h+w 4.2)
h x 2w 27 h
(b)
g:_&:—i /’O_ILln(h"'_Wj = &Lln(h-”v} (ﬂj (4.3)
dt dt| 2z h 2z h dt

Substituting, and knowing the % =b, we have
£=-4.80 uV (4.4)

The long wire produces magnetic flux into the page through the rectangle. As it
increases, the rectangle wants to produce its own magnetic field out of the page,
which it does by carrying a counterclockwise current.



Problem 5: 31-22
A conducting rod of length / moves on two horizontal, frictionless rails, as shown below.
If a constant force of 1.00 N moves the bar at 2.00 m/s through a magnetic field B that is
directed into the page,

(a) What is the current through an 8.00 Q resistor R?

(b) What is the rate at which energy is delivered to the resistor?

(c) What is the mechanical power delivered by the force F, ?

Solution:
Since
F,=1IB (5.1
and
&=Blv (5.2)
we have
& Blv
[=—=" 53
2R (5.3)
Thus
p-IR (5.4)
v
(a) Since
2
F-TR (5.5)
lv
therefore, we have
F.v
[=]-L 5.6
2 (5.6)

which gives

(5.7)

(b)
P=I'R=[2.00 W (5.8)



(c) For constant force,
P=F-v=(1.00 N)(2.00 nvs) (5.9)

(5.10)

which gives



Problem 6: 31-31

Two parallel rails with negligible resistance are 10.0 cm apart and are connected by a
5.00Q resistor. The circuit also contains two metal rods having resistances of 10.0Q2 and
15.0Q2 sliding along the rails. The rods are pulled away from the resistor at constant
speeds 4.00 m/s and 2.00 m/s, respectively. A uniform magnetic field of magnitude
0.0100 T is applied perpendicular to the plane of the rails. Determine the current in the
5.00Q2 resistor.

Solution:
Name the currents as shown in the diagram. Iy Iy
Rl -
Left loop: AN A N |
P -« |x X IlT x ||—>
+Bdv,~I,R,~I,R =0 (6.1) P2mA00m/s ROl lCh
) s00F "
Right loop: el | el M | e
R,=10.0Q R;=15.0Q
+Bdv, —LLR, +I R =0 (6.2)
At the junction:
1, =1 +1, (6.3)
Solving for /,, we will get
R,—Vv.R
I =Bd| — 250 upward (6.4)
RR,+RR,+R,R,

Substituting the known values, we will get

1, =145 pA upward (6.5)




Problem 7- 31.32

For the situation described in the figure below,

the magnetic field changes with time according to the expression

B= (2.00# —4.007 +0.8oo) T
and , =2R =5.00 cm.

(7.1)

(a) Calculate the magnitude and direction of the force exerted on an electron located

at point P, when 1 =2.00s.

(b) At what time is the force equal to zero?
Solution:

(a) We know that

9B = 6.00¢> —8.00¢
dt

and

lel=—

Therefore, at t =2.00 s

()
27y, \ dt

Since F = gFE , then after substitution, we have

|F =8.00x10"*" N clockwise for the electron|

(7.2)

(7.3)

(7.4)

(7.5)



(b) That happens when Cil_lj =0, therefore

(7.6)



Problem 8: 31.60

A conductor rod moves with a constant velocity v perpendicular to a long, sraight wire
carrying a current / as shown below. Show that the magnitude of the EMF generated
between the ends of the rod is

g = 2oL 8.1)
2r
Solution:
Since we know that
&= Bl (8.2)
At a distance 7 from wire
1
B=1tht (8.3)
27r

then the result is immediate.



Problem 9: 31.66
A conducting rod of length / moves with velocity v parallel to a long wire carrying a

steady current /. The axis of the rod is maintained perpendicular to the wire with the near
end a distance » away. Show that the magnitude of the emf induced in the rod is

B :ﬂ—(’lvln(HLJ ©.1)

27 r

Solution:

Find an expression for the flux through a rectangular :
area “swept out” by the bar in time ¢. The magnetic field | |
|
|

at a distance x from wire is -7
w1 I
B=—"" (9.2)
27wx -« —>
And
D, = j BdA (9.3)
therefore
o, =l [ ol dx (9.4)
2r v x

where vt is the distance the bar has moved in time ¢. therefore

|8|=&=’u°—1vln(l+£j 9.5)
dt 2r r




Problem 10: 31.67

A rectangle loop of dimensions / and w moves with a constant velocity v away from a
long wire that carries a current / in the plane of the loop.

| TR >

A

*—r—*‘*—w—*

The total resistance of the loop is R. Derive an expression that gives the current in the
loop t the instant the near side is a distance » from the wire.

Solution:

The magnetic field at a distance x from a long wire is

p=tl (10.1)
27wx
Therefore
Mol
do, =—"—(ldx 10.2
s 27rx( ) ( )
So
D, _ ol j@ A (10.3)
2w 7 x 27 r
Therefore
g:_d(DB:,uollv w (10.4)
dt 2nr r+w
and
[ &Ml w (10.5)
R 2nrRr+w
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