Electro Magnetic Induction

1991 A/L-8 X

1) State the faws ol electromagnetic induction. x
As shown in the figure a thin rigid wire is formed into a
circular loop ARC and placed perpendicular lo a uniform X X
magnetic ficid which is directed into the plane of the %

peper. The loop is connected to a resistance ol 100 Q

using thin cornecting wires. The radius of the loopis 7em X X

ard the magaetic fux density of the field decreases® with £

: 2 g 1002

time at a constarit rate of 10 T s™.

i) Neglecting the effect of connecting. wires, calculate the magnitude of the e.m.f.
induced in (ke loop.

i) Assuming that the resistances of the loop and connecting wires are negligible, find the
magnitude of the current through 100 Q.

iif) What is the direction of the cusrent through 100 Q resistor ? (from D to E er E to D)?
Explain clearly how you arrived at the answer,

iv) When the current flows through the loop a tension is developed in the wire. Explain
how this arises and calculate this tension at the instant when the magnitude of the
magnetic Nux density, threading the loop is 0.1 T, :

X
X
A

X X X X X

X
X
D

1994 A/L.

2} An L - shaped cubz ABC of square cross — scetion of side 5 mm is connected to a large
tank T containing @ conducting licuid as shown in the diagram. A uniform magnetic field
of flux density 9.2 T is acting in the dirsction indicated across the horizonial arm of the
tube BC. A current of 6 A is passed vertically upwards along an entire cross section of

the liquid I A
“* Sm
®0.27 f,
4 B xxxx | C
XX 1
& ¥ il &
2 XXnX
$ XXX @ 0.2T
(i) ¥ind the magnitude and dircction of the force acting across the cross-section of the
liguid
(i) Find the pressure developed across the cross-section of the liquid dug 1o the above
force

(i) If the density of the liquid is 1.2 x 10’kg m™ how high will the liquid level rise in
the vertical a-m AB due to this pressure? (Assume that the change in level of liquid
~inthe tank s negligibly small)
(iv) if the vertical arm AB of the tube is not there, what is the Dow speed of the liquid?

e m———
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1995 A/L g : . .
EJ' Write down Biot -Savart law in the forim of n mathematical expression clearly

identifying all the symbols you have used, Show in a diagram the directions of all the
variables associnted with the expression.

Write down un expression for the magnetic [Tux density B at a point which is situated at 5
distunce r Irom a thin straight conductor ol infinite length carrying a current [

A wire XY bent to form two rectangular loops as :

shown in the ligure and carrying a current ol 10 A is G s L
placed symmetrically between two long  straight s

. A =l
parallel wires AB and CD so that their long sides run 1 t v

parallel to AB and CD. All wire sections of XY, {0en
which are parallel to the two long wires have u length [ _4=—__ =, ..
of 20 cm and a separation of 10 cm as indicated on  |'0em  10en  10m
the diagram. Assume all the wires lie on the same :

fine, i
P I b

-

(i) If the wire AB carries a current ol 20 A in the upward dirzction {BA ) find the
magnitude and the direction of the resultant force exerted on the wire XY by the
~magaetic field due to the current in wire AB.

(ii) Is the actual magnitude of the resultant force acting on XY equal to the value
calculated in (i) ? Explain your answer.

(ili) Now in addition to the wire AB, the wire CD also carries a current of 20 A but in

the opposite dircction (CD) find the magnitude of the resultant force acting on the
wire XY by the magnetic fields due to the currents in AB and CD. You may arrive
al your answer even without a calculation but in such cases a brief explanation is
required, A
(iv) Comment on the resultant magnetic ficld produced by the pair of wires belonging to
XY which lie to the right of point P.

B o1 0x107 Tma™
4

1997 A/l

4)  State Biol Suvart [ay in the

: form of an expression and identify all the symbols used.
Write down ap expi ‘

B Bw e .-essiun.l‘or the :11f:g:1u1ic Nux
: i PoInt, a distance r Irom a long
slra.sghl Wire carrying a current 1.
?sbatssi?: '}I’"B Sl_l‘fiighl wire placed on a table. and ed
i AT WIre kept 3 x 102 m vertically above
" aﬂ’s’::];;llnciarnllul l0it, as shown in the figure. PQ
i pm'atllelrr[cm cun:y.mg :fund uctor placed on the
PQsd x (g2 ﬁl.ﬂb. .Ehc: distance between ab and
horizonty] cu:“lL 'P‘Q i Iree to move on (wo | |
through i i, ﬂ:"”‘ﬁl_’“gl rails.  Length of PQ is 107 m and a current of 10A flows
e direction, I to Q.
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() I the write ab carvies a current of $ A in the direction a to b, find the
magtitude and direction of the foree acting on PQ due to this current

L;i_; =1x IU"’.’}:;A"]

(ii) In addition to the current in ab. if cd also carries a current of 6.25 a in the
direction d to ¢, find the mugnitude of the force acting on PQ due to this
carrent. Indicate the direction of the force on a diagram.

(i) 1 the mass of the conductor PQ is 10 kg find the Adirection of motion, and
the magnitude of the initial aceeleration of PQ.

(iv)  Find the magnitude and direction ol the minimum current that should be setup
in o¢ inorder to il PQ from rails.

i . ) XX XXRER
§) asquare coil PQRS of side 5.0 cm contains 200 turnsand  xP x X X X X X Q
is positioned perpendicular to a uniforrn magnetic field of XX x X X X X X3
flux density B = 1.2 T as shown in the figure. It is then : i ’; . : : : = :
pulted at an uniform velocity 10 the right . to a region of x|y x B=1.2T x 1 B=0
zero magnete field white keeping the plane of the coil XX X X X X X X )
perpendicular to the magnetic field. 1t takes 0.2 s for the ’; ; :. ;‘: : : : : :
whole coil to =each-the field lree region. I % X X X X X 3
(it Caiculate the e.m.f. inducad in the coil during the xS X x X x x x R
0.2 stime period. XXX XXXXXX
(ii) Name the side/sides of the coil in which the e.ff. is 3.0 cim

induced end indicate the directionof the induced current
¢n a diagam

(iiiy If the resistunce of the coil is 1000 caleulate the energy dissipated in the coil during
the 0.2 s 1ime interval.

(iv) Henee. deduce the work needed 1o pull the coil out of the ficld. State the law in
physics that you have used Lo arrive at the answer.

(it) If the magretic field is redaced to zero uniformly during the same time interval of
0.2 s. instead of pulling the coil, will you observe the same induced ean.f. as in (i) .
Give reasons for your answer.

1998 A/L
) A coil wounc round an armatute in the form of a rectangular loop is shown in the figure
(X). The loop contains N turns of wire each having length o and width b, The armature
rotates at o constant ungular velocity o in a uniform maguetic ficld of flux density B.
(i) Show thet the maximum ¢ m.Cgenerated by the coil is !
Nabl3m.
(ii) The above rrrangement can be modified to use as o de B
generator, and obtain an can.f. (E) which varies with
time (1) as shown in the figure (Y) @
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CamScanner



Explain witha labeled dingram how you would modify the nbm_!c arrange

figure (X) to nchieve this

E

AN

Y

(iii) Now another identical loop is fixed to the same armature so t
loop is perpendicular to that of the fermer loop, and the armature is ro
the above angular speed. Copy the ligure (Y) and drew

variation of e.m.f. when both outputs are connected
curves,

(iv) ‘The dogenerator mentioned in (ii) can be used as an electric motor b

an external voltage source across the outpul.  Explain how

generated in the loop under this situation.
A motor has an internal resistance of 102 . When it
of 200V, a current of 6 A is found to be drawn fio
speed. Find the back e.m.f. of the imolor,
motor at the moment it is turned on,

1999A/L-5(A)

7) (a) A Dat loop of wire Xyz in the form of
circle of radius 0.2 m rotates uniformly ubout the

LN ]
point X in the plane of the paper. The sense of A
rotation is given by the arrow. The loop passes in Lo
and out of a region of uniform magnetic field of

1lux density (B) 0.

(i) What is the maximum m
(1) Plot with relevant valye
time 1 during

“nc complete revolution
indicated in

the diagram at t = 0
(ifi)  w i
(iv)  Draw the educed e.m.f, j
on a time scale of0-08 s
(v) Instead of g closed |ag
present. what ilf e the maximuin g
ieross the ends X ang y or, X
(vi)  Plot the variation of induced
one complete revolytion

and 7 of ench wire?
ean

aquarterofa o

% L ]
5 T as shown making one
complete revolution in 0.8 seconds, s

+ Inthe loap, with relevant val

ment shown iy,

hat the plane of the

tated with

in the <ame time scalz, the
in serics. Clearly labe a1 the

7 connecting

a back em.f is

is driven by a voltage source
m the supply at its operating
Find also the current drawn by the

[ ] Z \
X oom> Y

agnetic Nux through the loop during its rotation?
s the variution of magnetic flux through the loop with
assuming that the loop is at the position

\ genecated in the loop.?
ues as a function of time
with the same assumption for t = 0 as in (ii)

P it only the two conducting wires XY and XZ are
d minimum values of the induced e.m f.

1. ucross one wire as a function of time for

Physics Essay
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2000 A/l
) A proton enters perpendicular o o uniform magnetic field of flux density.
0.017 T with a velecity of 8.0 x 10° ms™" as shown in the diagram

: : :_ : : : where the megnetic field is directed into the paper. The charge and
NN XN v the mass of the proton ure 16 x 107 C and 1.7 x 1077 kg
Vooxxaaxw [ipedively | i
e xx xx Ny (D)(a) Explain why the path of the proton in the magnetic field is
XX X NN KX circular. Find the radius of the path Copy the given diagram

iRl and draw a rough sketch of the path of the proton on it.
XX XNNXX (b)If instead an cleetron énters with the same velocity in a
similar manner how does its path differ from the path of the

proton?

(ii)  Deduce the radius of the orbit ol an a particle entering this magnetic field with

the same velocity in a similar manner.

(i) 1M a neurron enters the magnetic field in the similar manner. Show its path on
the diagram drawa in (i) (a) Label the path

{iv)  If'a suitable uniform electric ficld is now applied in addition to the magnetic
field the deflection of particles due to the magnetic fieid can be nullified. Find
the magnitude and direction of this electric field for a proton. Will there be
any change of the velocity of the particles in this situation? Give the reason
for your answer.

2002 A/L,

-

)y A Proton of chaige  and mass m is sei up o travel along the
path ABCDEA through small holes on parallel plate as
shown in the diagram. It has been done by applying uniform
eelectic fields between the plates and unitorm magnetic lields
out side the p.ates, AB and CI are straight paths of length d
and BC and DA are semicirculer paths of radius . Each pair
of plates is subjected to & potential difference of V. Neglect
gravity. Answer the questions in terms ol piven symbols,

(.) (a) Write cdown expressions for the clectric fields between the plates. Indicate
thein directions,
(b)  The preton is initially released from rest at the hole A, Obtain expressions for
the energy and the speed of the proton at B.
(ii) (1)  Derive an expression for the magnetic flux density ulong the path BC.
Indicate its direction,
(b)  What is the speed of the proton when it enters the hole C? Give the reason for
voul dnswer,
(iiy(a)  Obtein expressions for the new energy and the speed of the proton when it
Jeaves e hole D..
(hy Wil the mugnetic ux density obtained in (i) (1) sufficient to guide the proton
along the path DAY (Yes/No) . Hnot, obtain an expression for it.
(iv) Explain briefly how this set up can be used (0 wecelerate the proton to a higher
energy without changing the magniwde o'V,
(v) Can this process be done in air? 11 not, suggest a suitable solution?

- Physics Essay 21 Question Book 3
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2007A/1.=3(A)
10) The fipure (o) shows an arrangement that consists

of o bar AV of mass m and resistance R placed on 5 .

two parallel smooth horizontal conducting rails [ i
with negligible resistance, separated by a distance g—t-- S ] g
/. A uniform magnetic field with a Aux density B v
is applied perpendicular to the plane of the rails l . iy

(into the puper) and throughout the region
between the rails. A battery of eam.f. £ with
negligible internal resistance connected o the
rails produces a current through the bar,

Figgure (a)

(i) When the bar XY is at rest on the rails, the switch Sy is closed. while keeping switch
Sa2 opened,
Write down an expression using the given symbols for the force experienced by bar
X'V at this instant, due to the magnetic ficld. What is the direction of this force?

(ii) Consider an instant at which the bar is moving at a speed v which is less than its

maximum speed.
(a) Write down an expression for the megnitude of the back e.m.f induced across the

bar at this instant.
(b) Oblain ¢xpressions for the current through the bar, the force on the bar, ard the

power drawi from (he battery at this instant.
(c) Hence show that the maximum speed thal the bar XV can attain is given by Tk

What is the current through the bar when it is moving at the maximuin speec?
(iii) Using the Lenz's law show that the bar can be decelerated if tne switch S, is opened
and the switch Sa is closed at any instant while it is moving. What is the mechanism
through which the kinetic energy of the bar is converted to heat during this process?

(iv) The above principle is used in the device known as linear
{numr wlfnch hf]S many apr{lwuuuns.. One such -Jpplll.-.tlllon - \\-:,‘“-E::-
is launching of an aircrafl from a ship. As shown in ligure -~

(b), the aircrafl is mounted on the moving bar and when it ili® ., Paal
reaches the required speed, the aircraft is detached from : a
the bar and allowed to take-off. The bar is then decelerated figure (0)

as mentioned in part (it1) above.

Suppose the combination of the bar and the aircralt has a mass ol 20 000 kyg, the
separation between the rails is 10 m, the magnetic flux density is 2 T, and the
resistance of the bar is 100 Q.

(@) Culculate the e.m.f. that should be previded by the battery o achieve @

maximum speed of 100 ms™,

()  Hence caleulate the initial acceleration of the aircrai,

— e —— — - s
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2010 AL =8

1 A 1_111ifm-rn mapnetic field of flux density B exists in a certain vA/7
region of space .As shown in figure 1 an electron of mass m and a 2 R)
charge e. 18 projected with velocity v perpendicular to the field.
The electron moves along a cirele of radius R, T

a) i) Derive an expression for R, ) Figure |
i) ()hliai.r-. an expression for the number of revolutions, fj per

unit tune that the electron makes.

b) When « charged particle like an electron moves along a circle it emits
electromagretic waves with a frequency which 1s equal to its own frequency, /i of
revolution. Microwave oven are produced by allowing electrons to move in circular
paths in a magnetic field as described above. The unit which produces microwaves
in 2 microwave ovens in known as a magnetron,

i) A maznetron in a microwave oven emits microwaves with frequency 2450
Mliz Determine the ragnetic fux density B. needed to produce wuch
microwaves (m = 9.0 x 10~ kp. ¢ = 1.6 x 107" C) Round off your answer to
the second decimal place.

ii)  Such a uniform magnetic field could be produced inside a current carrying
solencid. :

1) Long. closely wound solenoid with a turns per unit length carries a current
[. Write down an expression for the magnetic flux density B in the solenoid
along its axis.
. 7) Fer a current of 1 = 10A. what should be the value of n in order to produce
13 caleulated in b) i) above. (Take po = 10 TmA” ').
3) Sketch the magnetic flux iines in and around such a solenoid.

3
<

¢) If the directiors of the initial velocity of the projected

electron in (a) above makes an angle 6 Lo the direction s+ 2 FITI
of the uniferm magnetic field, the path of the electron " I
is a helix as shown in figure 2 X
i) Build arguments to prove that the path of the *lg*
electron is a helix
Figure 2

i) Deduce an expression for the radius R of the helical path
As shown in the figure the distance travelled by the electron along the axis of

iii)
the helix per revolution is called the pitch p of the helix. Obtain an expression
tor p.
o _
iv) Show that the ratio o depends only on 0.
Physics Essay 23 Question Book 3 .
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2014 A/L-8
12) Two identical planar clectrodes are placed parullel to each

l e
other with o separation of d as shown in figure (1). A TX 5 X x.._.:_‘-‘.;
magnetic ficld of flux density B can be established between d X X X x:: =
the electrodes in the direction shown in the figure. A beam i | T
of ions enters the magnetic field region with speed u .
parallel to 1.M as indicated in fgure (1). Each ion has mass Figure (1)

m and charge +q. The magnedic field is wned on at time
U= tn.Assume that the motion of the ions will  not be
affected by the medium through which they travel.
(a) Obtain an expression for the radius R of the circular path fol'owed by an ion which
enters the magnetic ficld at time = (o in terms of'v, B.mand ¢.
i % x K P

(b) consider threc ions which enter the magneiic feld

simultancously ot time t = t, from positions P (very | X X X X ":E
close to the 1p eleetrode). Q and R as indicated in the TSI A

figure (2). . :
. . .z . : J Figure (2{ 1
Obtain an expression for the magnetic N density 13 in terms of 2o m g and d for the

ion entering the ficld region from position P to travel just touching the edge M of he
electrode LM, Copy figure (2) and draw (he paths of the ions entering the magnelic
tield froni pesitions P, Q and R for this situation.

(¢) Assume that the ions hitting the electrode LM get gradually and uniformly
accumulated on the surface of the electrade.

(i) As the ions get accumulated on the ¢electrods LM, what is the direction of the
clectric field being developed between the electrodes due (o accumulated ions?
Assuimne that the electric ficld is confined only to the space between the two

~ celectiodes.

(ii)  Onee of the accumulation of the ions vn the ¢lectrode has begun. the path for the
ions entering the ficld region is not a part of a circle, What is the reason for this?

(iii) Afier a certain period of time has elapsed, the ions entering the field region
tends to travel along a straight line without deviation. If Vy is the vollage across
the electrodes once this state (steady state) has besn reached, obtain an
expression for v in terms of V. B und d.

(d) As the blood contains charged. ions. blood flow

detectors bused on the above principle cin be used 1o Atlery ol
1 3 i--——w-u|m--.-":. - --,..,.._—..,_,,.."',-_-i.‘__. =
lind the speed of blood  flow through urteries. Here 7@ ETIIEI fow
the two purallel plate electrodes are pluced touching ¥ Tlood flow {hmm/}

the walls ol the artery as shown in figure (3), and I gure (3)

blood flow speed is determined by measuring the

voltage across electrodes at the steady state,

(i) I the flux density of the applied magnetic
artery is B, = 0.08 T and the measured Vo
Vo= 216 x 107 v, determine (he
expression obtained in (¢) (ihi).
de=3x 107 m,

Physics Lssay — S
g ’ 24 _ Question Book ;

field at a certuin location X of a.n
ltage across (he electrodes at X ©
i speed of  blood flow at X using lh.#
I'he interngl diameter o the artery d! 1
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)

(i) In order to investigate the possible change in diameter of the artery at another
location Y. a similar device is placed at Y. When the magnetic field applied at Y
is set 10 By = 0.05 1, the measured voltage across the electrodes at Y is
Vy = 1.80 x 10°* V. Find the internal dinmeter dy of the artery at Y.

A/L =
Read the following passage and answer the questions.

Induction heating technology is ol choice in many industrial. domestic and
medical applications due to its advantages such as less heating time. localized heating,
direct heating and ellicient. synergy consumption. The operating principle of induction
heating is based on the law of the clectromugnetic induction discovered by Michael
Faraday in 183i. The two major components in an inculcation heating system are a coil
of wire (vlien a copper coil) producing a lime varying magnetic field upon recciving a
high frequency alternating current. and an clectrically conducting material that
generales heat. The magnetic ficld also changes its dircction as the direction as the
alternating current changes. When & conducting material is exposed to such a time -
varying magnetic field, current loops salled eddy  currents are induced in the
conducting material . As the magnetic ficld changes its direction rapidly the eddy
currents also change their directions rapidly. The eddy currents always form closed
loops inside conducting materials in plancs perpendicular to the varying magnetic field.
Eddy currents, generate Joule heat. (PR 1vpe hear) due to the existence of resistance of
the material. - ;

When the magnetic ficld created is stronger or when the electrical conductivity
is higher or when the rate of change of magnetic field is larger, the eddy currents that
are developed become larger. The eddy currents which are generated by high frequency
alternating current in the coil will exist only within a limited thickness near the surface
of the material due to what is called skin effeet.

ine skin effect is the tendeney ol any high frequency electric: current to
distribute it self in a conductor with the current density being largest near the surface
conductor and decreasing very rapidly with the depth of the conductor. This
(hickness ucross which eddy currents are distributed becomes even smaller due the
mutual attraction between the alternating current in the coil and the cddy current
loops. This is called the proximity effect. In addition to the Joule heating, an
additional heat is also produced within (he material due to a phenomenon called
hysteretic effect. It oceurs only in ferromagnetic materials such as some stainless
steel. enst iron. nickel. etc. In response to the varying magnetic field produced by the
allernating current, the magnetic domains in these materinls repeatedly change their
orientations. The energy required to turm them around finally is converted to heat, The
rete at which the heat is generated due to hysteretic eflect increases with the
frequency, of the varying magnetic tield. Commercially available induction heating
sysiems operale al frequencies approximately from 60 Hz to about | MHz and deliver
power in the range from a few walls to several Megawaltts,

ol the
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Ihe coukers that are available in the market as induction cookers operate on thig
principle. In an induction cooker, u coil of copper wire is mounted just under the
surface of the cooker top where the cooking out is placed. without touching it, and an
alternating electric current is sent through the coil. The entire bottorn of the cooking
pot itself acts us the conducting material that generates the heat. The varying magnetic
field produced by the coil enters the bottom of the cooking pot creating eddy currents
and hysterctic losses, generating heat. In order o make use of both effects for heat
generation, the cooking pots or the bottoms of the cooking pots are made of
ferromagnetic materials such as some stain steel or cast iron.

a)  Stale Faraday's law of electromagnetic Conducting
induction in words. e .

b)  Name two fields of application where induction
heating is used,

¢) Write down the two heating processes
involved in the induction heating.

d)  Write down three factors which give rise fo larger eddy cunrents.

e)  Write down the twe effects which limit the eddy currents to be within a limited
thickness near the surface of the materiai.

f)  Copy the given diagram and answer the following questions.

The direction of the alternating current in & coil at a certain instant of time is shown in
the figure. Considér a situation where the magnitude of this current is increasing with
time. A conducting material is placed just above the coil as shown in the figure.

i) Show the direction of the magnetic field created in this situation by drawing an

: arrow on one field line. '

ii) Draw one loop of eddy cutrent in the material near the position O and show the
direction of the eddy current when the alternating current is increasing.

iii) Use Lenz's law to explain how you determined the direction of the eddy current
Joop that you have drawn in (i) above.

g)  Ixplain-how the increase of the frequency of alternating current, increasing the
rate of heating in the material. :

h)  Consider a situation where a time - varying magnetic field enters a disk of radius
'R. thickness b and resistively p. I the flux density B of the applied magnetic
filed varies sinusoidally as B = By sin w, where By is the ampliwde of the flux
density of the magnetic field, w is the angular frequency and ¢ is the time, then
based on a very simplified model the average power ' generated by the eddy

currents in the disk can be given by, P = &k B! ? \where k = D
16p
I k= 0.5m* Q' w=6000rad s and By = 7.5 x 107 7 calculate the average

power generated in the disk.

i) In transformers, the core is heated up due to eddy currents and it contributes 10
encrgy loss in the form of heat. How is this energy loss minimized in
transformers? )

_ Physics Essay 26 QUW
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2017 AlL=2(A)
t4)a) Explain briefly how the buck electromative lorce
current motor. Name the laws in physics which det
the direction of the back e.m.f, respectively,
b) Write down an expression for the back ¢e.m.f. £ produced by a direct current motor

when it draws a current of'/ from a battery. The internal resistance of the motor coil is
rand the terminal voltage of the battery is I,

¢) ItV=2801"and » = 1.5 Q2 calculate the following quantities when the motor operates
with full load drawing a current of 4.0 4.

i) Back e.m.f. (£) produced by the motor

i) Power given to the motor,

i} The mechanical power output and the efficiency of the motor. (Neglect any
_energy losses due to friction.) '

d) Assume that the values given for » and the current (4.0 A) in (¢) above for the motor
are ihe values when the coil is at the room temperature of 30°C. Afler running the
motor for several hours it was found that the current in the coil had dropped to 3.6 4
with voitage V' remaining unaltered at 80 1, Calculate the new temperature of the coil.
Temperature coefficient of resistance of the material of the coil is 0.004°C™' r at 0°C.

¢) in electric motor vehicles, direct current motors driven by batteries are used to rotate
the wheels of the vehicles. During the application of brakes, the same motor in such
vehicles is made to operate as a direct current generator, and part of the kinctic energy
of the vehicle is used to drive the gencrator. The generator output is then used to
recharge the battery of the same vehicle. R
i)  How do you operate a direct e

current motor as a dirvect current + +]] [

(e.m.l)) is produced in a direct
ermine (£) the magnitude and (1)

generator? Direct current
" ' , ' « generator (and
i) Copy the two diagrams in the , | & rcquitcftl - Battery
figure to your answer script and circuits) A
show how you would connect the
direct current generator output to
charge the battery.,

2018 A/L-8 .

I5)A copper strip of width d and llucl-;nr:.ss I carries a | - R
current | frem top to bottom as shown in figure 1(a), == Y e A
The srip is kept in a uniform magnetic ficld of Aux < £
density B directed perpendicular and into the plane of PR R O A

. - ' H & /“]
the strip. Cross-sectional  view of (he same 5 L~ L ® b
arrangement is also shown in figure 1(b). The charge ¥ /" o "
carriers are electrons and they drift with drift speed vy, T T.
a) i) what is the direction of the n]ag[wllc Iurclt: Figure 1(a) Figure 1(b)
acting on the electron (¢) shown in figure 1(b):
Copy the figure 1(b) to your answer script and _
clearly draw an arrow on the clectron to
indicate the direction ol this force,
]"Hmﬁssay 27 Question Book 3
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ii) Now if' you repluce the copper strip shown in figure I(b) with a-nnlher strip having
positively charged carriers, what is the direction of the magnetic force acting oy 3

positively churged cavrier? r___\,*

b) i) As time goes on, in the copper strip deseribed in (a)(1) | ‘ ,
above. there would be o new equilibrium situation '1 _ "E
with regard to the charges residing. Copy figure (2) to 'L- "
you unswer script and illustrate this new equilibrium R I
situation using '+' to represent positive charges and ' — ]T_J'

Figure (2)

 'to'represent negative charges.
ii) Explain the reason to have the e
iii) Brictly describe how you wou
semiconductor are positively charged carriers.

quilibrium condition as mentioned in (b) (i).
Id use this effect to verify that holes in a p-type

¢) i) Derive un expression for the Hall voltage Vy in terms of vqa. B and d.
i) The current I flowing through a conductor, such as copper, can be writlen as
I= neAvg. where all symbols have their usual meaning.
1) Derive the equation I= neAvq.
2) Obtain an expression for Vy for the copper strip in terms of n, e, t,l and B.
3) Consider a copper strip of thickness 1 x 10~ m in a uniform magnetic field of
0.5T. If | =48A and Vi= 1.5 x 10V, calculate the number of charge carriers

per unit volume in copper. Take e=1.6 X 10" C.
d) Cardiologists monitor the flow speed of blood through an artery vsing an
electromagnetic Now meters. A schematic diagram of the relevant parts of such a flow
meter is shown id figure (3).
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Blood plasma has a high concentration of Na® and CI”  ions moving through the

artery with the blood at the same speed v and same direction as the blood ﬁow.

Assume that the ions in the blood behave as charge carriers,

i) When the blood flows through the artery shown in figure (3), what is the polarity
of the clectrode p? Give the reason for your answer,

i) li: the flux density of the uniform magnetic field applied to the system is B and
diameter of the artery is D. write down an expression for the magnitude of the

“?llilgc Vpq across the two electrodes P and Q in terms of' v, B and D.

i) I"'Vpo = 160 uV. D =5 mm and B= 2 x 10" gauss (1 gauss - 10~ T), calculai®
the value of speed v of the blood through the artery.
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