GPLUS EDUCATION

CHAPTER4: MOVING CHARGES AND MAGNETISM
NCERT EXERCISES

4.1 A circular coil of wire consisting of 100 tummns, each of radius 8.0 cm
carries a current of 0.40 A. What is the magnitude of the magnetic
field B at the centre of the coil?

4.2 A long straight wire carries a current of 35 A. What is the magnitude
of the field B at a point 20 cm from the wire?

4.3 A long straight wire in the horizontal plane carries a current of 50 A

A in north to south direction. Give the magnitude and direction of B

at a point 2.5 m east of the wire.
4.4 A horizontal overhead powerflﬁt;{g)cajﬂes a current of 90 A in east Lo
west direction. What is_thé&magnitude and direction of the magnetic

field due to the cu l-e,rﬁ}l\ﬁm below the line?

4.5 What is the Qagﬁ; :t“"&e of magnetic force per unit length on a wire

X carrying a zéf_“lé‘x';ré‘ﬁt of 8 A and making an angle of 30° with the
diregpgp\‘pf\a‘ uniform magnetic field of 0.15 T?

4.6 A.370'\cth wire carrying a current of 10 A is placed inside a solenoid

A& (\{\)béi'ﬁéndicular to its axis. The magnetic field inside the solenoid is
» Tdiven to be 0.27 T. What is the magnectic force on the wire?

4.7 Two long and parallel“Straight:wires A and B carrying currents of
8.0 A and 5.0 A.in‘the same direction are separaled by a distance of
4.0 cm. Estimate’the force on a 10’cm section of wire A.

4.8 A closely wound solenoid 80 cm long has 5 layers of windings of 400
turns each. The diameter‘of the solenoid is 1.8 cm. If the current
carried is 8.0 A, estimate thesmagnitude of B inside the solenoid

SNRalT

near its centre. ¢ @
4.9 A square coil of side 10 cm consists of 20 turgs\\\aﬁ)g carries a current
)Ik};(' of 12 A. The coil is suspended veﬂjcally(apt'\iﬂ ithe mormal to the plane
of the coil makes an angle of 30° wj‘t.l:l'\t‘h.e\direcl:ion of a uniform
horizontal magnetic field of magr;il'.;?ii':iﬁ(:l' '0:80 T. What is the magnitude

of torque experienced by I.h_e.\(jpi.l')?. y

¢

4.10 o moving coil meters.:-;lr\g‘lk\ghd’M2 have the following particulars:
X =10Q. N, =30, 2 ="

= 3.6 x 107,

14 Q, Ny \=,3‘42'/

A, = 1.8 %110 m?, B, =0.50T
(The spring constants are identical for the two meters).
Determine the ratio of (a) current sensitivity and (b) voltage
sensitivity of M, and M,.

4.11 In a chamber, a uniform magnetic field of 6.5 G (1 G = 107 T) is
maintained. An electron is shot into the field with a speed of
4.8 x 10° m s”! normal to the field. Explain why the path of the
electron is a‘circ]e. Determine the radius of the circular orbit.
(e=1.6x10"'"7C, m, =9.1x107° kg)

4.12 In Exercise 4.11 obtain the frequency of revolution of the electron in
its circular orbit. Does Lhe answer depend on the speed of the
electron? Explain.

4.13 (a) A circular coil of 30 turns and radius 8.0 cm carrying a current

¥ of 6.0 A is suspended vertically in a uniform horizontal magnetic

field of magnitude 1.0 T. The field lines make an angle of 60°
with the normal of the coil. Calculate the magnitude of the
counter torque that must be applied to prevent the coil from
turning.

(b) Would your answer change, if the circular coil in (a) were replaced
by a planar coil of some irregular shape that encloses the same
arca? (All other particulars are also unaltered.)

m?,|By= 0.25 T

Il

EERE

- WWW. GPLUSEDUCATION.ORG,MOB-8583042324
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4.14 Two concentric circular coils X and Y of radil 16 cm and 10 cm,

*

4.15 A magnetic field of 100 G (1 G =

4.16 For a circularcoil“of r

s ¥

; Za®
t‘}(g’: o IREN

respectively, lie in the same vertical plane containing the north to
south direction. Coil X has 20 turns and carries a current of 16 A;
coil Y has 25 turns and carries a current of 18 A. The sensc of the
current in X is anticlockwise, and clockwise in Y, for an observer
looking at the coils facing west. Give the magnitude and direction of

the net magnetic field due to the coils at their centre.

10~* T) is required which is uniform
in a region of linear dimension about 10 cm and area of cross-section
about 10-3 m2. The maximum currcnt-carrying capacity of a given

coil of wire is 15 A and the number of turns per unit length that can
be wound round a core i\sia(ffnfé'st 1000 turns m~'. Suggest somc
appropriate design parucﬁ]ii}jsvof a solenoid for the required purpose.
Assume the core,@gﬁﬁiﬁ:j ferromagnetic.

i adius R and N turns carrying current [, the
magnitude of‘the magnetic field at a point on its axis at a distance x

from‘:i{_/‘s\_}é\Cntre is given by.

g
oS oy

2(x* + R? )3/2 i

_ S e,

(a) Show that ,th{”s"',jiiéduces to Ih‘éif‘agﬂ]iar result for field at the
U

1 «

centre of the'Goil. 7. o=

(b) Consider two parallel.c gaxial circu
and number of turns N. carrying equal currents in the same
direction. and separated bysd distance R. Show that the field on
the axis around the mid-point between the coils is uniform over

a distance that is small as compared to R.;‘aﬁ‘c\l‘/\\is given by,

lar coils of equal radius R,

NI ‘ i) Py e
B=0.725""  approximately. . ¢ | Yol
R £ [%\,\ \l

[Such an arrangement to p\rQ(\:l f(,:,e;a‘ nearly uniform magnetic
field over a small region-is, ]\-(nov.rn as Helmholtz coils.]

B Y\ V) O
non—[e;‘x\'_omagnetic) of inner radius 25 cm and

4.17 A toroid has a core (non;

4

i

outer radius 26 cm; around which 3500 turns of a wire are wound.

If the current ifi the/wire is 11 A, what is the magnetic field
(a) outside the\toroid, (b) inside the core of the toroid, and (c) in the

emply s;jqqéj’sbfrounded by the toroid.

4.18 Answer the following questions:

4

4.19 An electron emitted by a h

A4 K

(a) A magnetic field that varies in magnitude from point to point
but has a constant direction (east to west) is set up in a chamber.
A charged particle enters the chamber and travels undeflected
along a straight path with constant speed. What can you say
about the initial velocity of the particle?

(b) A charged particle enters an environment of a strong and
non-uniform magnetic field varying from point to point both in
magnitude and direction, and comes out of it following a
complicated trajectory. Would its final speed equal the initial
speed ifl it suffered no collisions with the environment?

(c) An electron travelling west to east enters a chamber having a
uniform electrostatic field in north to south direction. Specify
the direction in which a uniforrm magnetic field should be sét
up to prevent the electron ‘from defllecting from its straight line
path.

eated cathode and accelerated through a

potential difference of 2.0 kV, enters a region with uniform magnetic

ficld of 0.15 T. Dctermine the trajectory of the electron it the field

(a) 1s transverse to its initial velocity, (b) makes an angle of 30° with

the initial vclocity.
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4.20 A magnetic field set up using Helmholtz coils (described in Exercise
4.16) is uniform in a small region and has a magnitude of 0.75 T. In
the same region, a uniform electrostatic field is maintained in a
direction normal to the common axis of the coils. A narrow beam of
(single species) charged particles all accelerated through 15 kV
enters this region in a direction perpendicular to both the axis of
the coils and the electrostatic field. If the beam remains undeflected
when the electroslatic field is 9.0 x 10°® V m™', make a simple guess
as to what the beam contains. Why is the answer not unique?

4.21 A straight horizontal conducting rod of length 0.45 m and mass

£ 60 g is suspended by two veruca_l wires at its ends. A current of 5.0 A
is set up in the rod through,tpe wires.
(a) What magnetic field \should be set up normal to the conductor
in order that the“ tens:on in the wires is zero?
(b) What will be the “total tension in the wires if the direction of
current s fs reversed keeping the magnelic field same as before?
(Ignore the mass of the wires.) g =9.8m s>
4.22 'I‘hbf‘wires which connect the battery of an automobile to its starting
(\x‘q\motor carry a current of 300 A (for a short time). What is the force
¢ per unit length between the wires if they are 70 cm long and 1.5 cm
apart? Is the force attractive-or. repulswe?

4.23 A uniform magnetic field of 1. 5 T ‘exists in a cylindrical region of
radius10.0 cm, its'direction parallel- “to the axis along east to west. A
wire carrying currcnt ‘of.7. 0 A in the north to south direction passés
through this region. What is the magnitude and direction of the
force on the wire if, %, t ?

(a) the wire intersects tHe” axls -0

(b) the wire is turned from¢ N S to northeast—noﬂhwest direction,

(c) the wire in the N-S dlrect.ion is lowered: from the axis by a distance
of 6.0 cm? i r“-‘

4.24 A uniform magnetic field of 3000 G 1s estabhshed along the positive
z-direction. A rectangular loop'\of sides 10 cm and 5 cm carries a

X ,r current of 12 A. What is t_hc ‘torque on the loop in the different cases

shown in Fig. 4.28%: ,What\is the force on each case? Which case

corresponds to stableiequllxbrlum?

JQ,—} zy
I :
—» : y

X (a) X (b) * (c)

x (d) X (e)

FIGURE 4,28
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4.25 A circular coil of 20 turns and radius 10 cm Is placed In a uniform
magnetic field of 0.10 T normal to the plane of the coll. If the current

d“f’ in the coil is 5.0 A. what is the

(a) total torque or:ht:iocirloll.
::i:)]l :‘c:,t::ag;rcér?; on eacl; electron in the coll due to the magnetic

_ﬂclc_i? f copper wi
211::— ?:;leiscll‘;i(::o(; density in copper

re of cross-sectional arca 107" m?, and
is given to be about

s iu f windings
aditus 4.0 cm has 3 layers o ; ¢
°.29 e agdcx(:'il;‘:-o‘gg“ﬁrc of mass 2.5 g lics inside the
s el ). & is: both the wire and the
* solenoid (near its cenuwnomal to its axis:

< i he wire Is connected
3 2 25" he horizontal plane. T
?ﬁizfééhtizoigﬁ;q}aﬁ:ﬁl to the axis of the solenoid l‘;lar: cx:crna}
" e A in the wire. wat value o
s lies a current of 6.0

}:)St-trzrgfv::ﬁ;\ a;!;]:opﬁatc sense of circulation) in lhg gvindi_r;p_s of
e i = 9. s °.
Lpéiééié%()id can; SURPOTL e WEIght ¢ lt'hle2“?1rez;?ndgthe mel:.-:'c shows
4.27 U h’alvanomcter coil has a resistance O bt o vou convert the

full scale deflection for a_eurrent of 3 mA. How y

-t ™ v?
metre into a volimeterrof range O to,18 —
4.28 A palvanometer ¢oil has a resistance, of-15 Q and the metre s W
: ) g X { of4 mA. How will you convert the

* - full scale dellection for,a curren B
metre into an ammeter ol'-n?tngc 0O to 6 A
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