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S Olutlons Constants and Formulas
po = 4m x 1077 Tm/A.
V = iR
q = CV
C = C1+0y
1/C = 1/C1+1/Cq
F = iLxB
dB = g
4mr?
Mot L
= s ds X T
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Problem I
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The above circuit has components of the fol-
lowing values: Ry = 4.0 ), Ry = 8.0 €,
E=20V,& =30V, and & = 50 V. Con-
sider the current directions as shown.

Solution

Question 1
The outer rectangular loop gives
81 — ilRl — 83 =0.

Hence,

Question 2

The lower rectangular loop gives
82 - igRQ - 83 - O

Hence,

&

=—25A
19 R2

Question 3

The junction equation gives
11+ +13 =0

Hence,

iy = —iyg — i, = 10 A

Question 4

Starting at a, going down and then going right
along the bottom branch to b encounters the
source &3. Hence,

Vo+ &=V
Hence,

Vi—Va=E =50V



Problem II Question 7

Icll Cy (Ij|3 The voltage across C, is 10V. Hence the
A A charge in it is
ae o)
C qq = C4V =6.0x10= 60,UC
4

Four capacitors are connected as shown
above. Each capacitor has a capacitance of
6.0uF. A voltage of 10V is applied between
the points a and b.

Solution

Question 5

(', Cy and Cj are in series. So their combi-
nation has capacitance C'; given by

1/Cy =1/Cy +1/Cy +1/Cy = 1/2
Hence,
Cy =20

C, and () are in parallel. Hence, the net ca-
pacitance C'is given by

C =C,+ Cy = 8.0uF

Question 6

The full voltage of 10V is across the capaci-
tance C;. The charge in the series combina-
tion is the same as the charge in each member
of the combination. Hence,

¢ =¢qs =CsV =2.0x10 =20uC



Problem 111

B

A
o

The figure above shows a magnetic field B di-
rected towards the top of the page. Its mag-
nitude is 2.0T. A piece of wire is placed in
this magnetic field in the plane of the page
as shown. The top segment has a length
a = 4.0m and the left segment has a length
b = 2.0m. The distance between the ends of
the wire is ¢ = 2.5m. A current of 7 = 5.0A
is flowing in the wire in the direction shown.

Solution

Question 8
The force is given by
F=iLxB

The right hand rule gives the direction of F to
be out of the page. The magnitude is

F =i|L x B| = iaBsin90° = 40 N

Question 9
The magnitude is

F =i|L x B| = ibBsin0° = 0N

Question 10

Here, the vector L is the one joining the end-
points in the direction of the current. So, the
right hand rule gives the direction of F to be
out of the page. The magnitude is

F =i|L x B| = icBsin90° = 25N



Problem IV

A long thin wire is bent in the shape shown
above. Assume it extends to infinity in the
positive y and positive x directions as shown.
A current ¢ flows in the wire as shown. The
point marked P is at a distance R along the
negative y axis as shown.

Solution

Biot-Savart law gives

Hot
A7rr?

dB = ds x

Question 11

“— r —
ds

o i
T

P

T
R
)

Using the right-hand-rule, the magnetic field
direction due to the element of wire ds is
found to be out of the page. As this direc-
tion is the same for all elements of wire, in-

tegrating the magnitude of the field will give
the total field.

Ho?
47r?

dB = ds sin 6

where sin @ = R/r. Hence,

B:/dB:

Choosing the left end of the wire as the origin
of the = axis and the distance of the line ele-
ment from the origin to be x, it follows that
ds = dx and r = (2® + R?)'/2. Hence,

poil [ ds

4 73

/00 dz
o (224 R2)3/?

iR
 A4r

B

Question 12

For this part, the angle between ds and t is
zero. So, dS x r = 0. Hence, the magnetic
field due to this part is zero.

Question 13

Direction is out of the page as seen in the so-
lution of question 11.
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