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Solution

Fundamental Constants

= 47r1€0 =9x 10° N-m?/C? Coulomb’s constant
€0 =8.85 x 107" C?/(N - m?) Permitivity of free space
o =47 x 107" T -m/A Permeability of free space
e=16x10""C Elementary charge
me = 9.11 x 1073 kg Mass of an electron
m, = 1.67 x 107" kg Mass of a proton
eV=16x10"1"1] Conversion from eV to J
N, = 6.022 x 10* /mol Avogadro’s number

Prefixes of units
m =103 =106 n=10"° p=10"12 k = 103 M = 10°

Instructions to the Students:

e All communication devices must be switched off and placed in your bag. Anyone found
using a communication device will be disqualified.

e Programmable calculators, which can store equations, are not allowed.
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. In the circuit shown, R = 22.0 €2, the emf of the real battery € = 36.0 V and the
internal resistance of the battery is » = 2.0 2. Find the terminal voltage of the

Solution: The current in the circuit is

The terminal voltage is
V=€ —-Ir=33V

. An electric heater is required to produce 3.6x10° J of heat energy in 5 minutes. It is
to be connected to a 220 V source and the heating element is made of a material with
resistivity p = 6.0 x 107% Q-m. If the radius of the wire is 1.2 mm, what must be the

length of the wire?

Solution: We have

E
p =28 900w
V2 V2
The resistance of the wire: P = " — R = B =40.3 Q2
Then RA R
A p p

— L =304m
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3. In the circuit shown, Ry = Ry = 12.0 Q and € = 21.0 V, but R3 is unknown. The

power dissipated in Ry is P, = 3.0 W.
(a) Find the power Py dissipated in R;.

(b) Find the power Ps dissipated in Rj.

Solution: We can calculate V, and/or I,

P=—= =V
2 R 2
Then
Ry and Rj3 are parallel }
R; and Rs3 are in series
V2
So | Pb=--=1875W | and I
Ry

Ry and Rj3 are parallel
R; and Rs3 are in series

|

Total power in the circuit:

Power dissipated in Rj:

P3:P—P1—P2 —

=/ PRy=60V

Vos =V =60V

Vi=€ -V =150V

:E:1.25A
Ry

Lios=1 =125 A

P — [1238 = 2625 W
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4. An electron moves in a clockwise circular path of radius R = 2.0 mm in a region of
uniform magnetic field of magnitude B = 4.0 x 1073 T (shown in the figure).

(a) What is the direction of the magnetic field B? Q B

(Tick the correct answer)

into-t\l}é-plane X out-of-the-plane (*)

(b) Find the magnitude of the magnetic force F'z on the electron.

First find the speed:

muv _ BlglR

R=— — v=
Blq| m

1.4 x 10° m/s

For circular motion, the angle between B and @ is 6 = 90°. So

Fp=lgvB=90x10"" N

(c) Find the kinetic energy of the electron in eV.

1
KE = imvz =893 x107¥ J=56eV
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5. A uniform magnetic field of magnitude B = 5.0 x 1073 T in the —z-direction is
established in the shaded area (see figure below). A rectangular (80 cmx40 cm) wire
carrying a current I = 7 A is partly inside the region as shown.

y I
(a) Find the magnitude of the magnetic <
force (F'p) on the wire. i A _ < /
For a straight wire, the magnetic force is Y o
® B
Fp =ILB sind o M I .
60 cm
where, L = length of the wire inside the
region of magnwetic field and 6 = angle B <
between L and B.
Here, we have two pieces of straight wires 0 < .
inside the region of magnetic field:
L; =30 cm, 6=90° Ly, =60 cm, 0 =0°
— I'py =118 sin 90° = 0.0105 N Fpy =1LsB sin0° =0

So, the magnitude of the net magnetic force is

Fp = Fp1 + Fpa = 0.0105 N

(b) What is the direction of F? (Tick the correct answer)

upward T downward \L ’ to-the-right — ‘

to-the-left <— ‘ into-t@)e/-plane X out-of-the-plane (*)
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6. Two long straight wires carrying currents perpendicular to the xy—plane are shown.
The current I; = 6 A, out-of-the-plane (see the figure) and the x—component of
the net magnetic field at the point P is B, = +3.0 x 107% T. The current I, is
unknown. We denote El and ég as the magnetic fields at P due to currents I; and
I respectively.

Y
. /'B;
(a) Draw the vector By at P. P 4

Using the right-hand-rule, B, isin the neg- 50 cm
ative x-direction 30cm N
i I
(b) Find B, and Bs,. @Il ®2
7 ; 40 cm
Mol —6 ‘
Bi,=—-B =———=-40x1 T
L ' o %03 Vo

B, =By, +B2x = By, =+70x10°T

(c) Use the value of By, to draw the vector B, at P.

Since By, > 0 and B, must be perpendicular to the 50 c¢m line, the only way to
draw Bs is as shown in the figure.

(d) Use the vector By to find the direction of I, (Tick the correct answer).

I is into-t@}(—plane X I, is out-of-the-plane ()

(e) Find the value of I5.
/L()]Q 0.3

0.3
Byy=4Byx — = 70x107 %= "2 x = — [, =292A
20 = +B2 X 5 . 21 x 05 0.5 2
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7. Three long straight current-carrying wires are parallel to the y—axis and in the xy—plane
as shown. The current I; = 3 A, upward (1) and the current I, = 4 A, upward (1).

F
The net magnetic force per m of the wire 1, i.e. fl = 0.
(a) What is the direction of the current I3?7 y
(Tick the correct answer)
20cm | 20cm
F]Q . . F]B 7; 777777777777777777777777777777777777777777777 X
7 s to the rlglrit. So T must be to I A LA L
F
the left to make fl = 0. So I3 must be
downward.
upward T g{?évnward J,
(b) What is the value of I5?
Fio  Fi3 polils polils
L L 21 x 0.2 271 x 0.4 ’

—

F
(c) f = net magnetic force per m of wire 2. Find its magnitude.

@ B polils

T =3 wpg~ 12X 107 N/m,  to-the-left

. LI ;
23 fof2ds 3.2x 1072 N/m, to-the-left

L 27 x02
F
So, the magnitude of TQ is
F. F. F.
f = % + % =44x10° N/m, to-the-left

—

: . . F :
(d) What is the direction of f?

| togthe-left <— | ’ to-the-right — ‘
\4




