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Blake sure you kaow bow 10 oompbers and send moyour ThMA and FT3 forme
detailed instmactions ore given in oyour stodenl handbook (or supplement).
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Thiz assignment consivis of three guestions, which
relate ro the marerial covered in Units 10 o T2,

Chuestion 1
Thug cpecstion relates mairly ro Dnir 10 and carries 3F
af the marks for ihis assignment,

frr thiv guestion, extea marks con be pamed for “pood
protlem-solving fechniqee’, This means thed vou should
structure your aniwer inle stages of preparation,
working and checking, (The dividing line between the
preparano and working stapes i ratfer vague and you
nmeed wol worry about By exact posiiion.] The
preparation siage showld maline your understanding of
the guestion, including switable diagrams and standard
egrations that might help in the selation, The working
srage will probally e the budk of vour answer angd will
incinde algebra andlor mimerical colcalanions. Finally,
v ¥ forger to incliede cn argiment i SUpPoOrTs YoRr
arywer i M checking siape.

An inventor designs a speed selecior — an apparatus
designed o select particles with a narrow range of
specds from a heam that contiins charged particles with
a wide spresd of differcnt speeds. The design is based
on the dea of passing the beam of particles through
perpendiculor electric and magnets: Gelds, The beam s
aligned along the g-axiz, the clectric ficld along the v-
axis and the magneti: Held along the z-axis The ekecrric
and magnetic felds are zeco outside the selector and
uniform within it. The beam enlers the apparatus at
point A on the x-axis. Some of ils partickes are deflected
by the clectric and magnetic Relds, but parlicles with
certain speed @y pass through undeflecied. These
unddeflectsd p:irri-;.'lcs pass through o namow st centred
on a point B further along the x-axs, an the Tar end of
the sclector: The particles that pass through this slit form
the speed-selecied beam

Hearing that you are siudying physics, the inventor asks
For your help in perfecting the apparatus. She would like
i select charped particles with speeds inoa narrow ramge
centred on 100 = 108 ms" 1. BEach particle in the beam
hais a charge of 1,602 » 10-"%C and a mass of 167 x
W0~ kg, The electric ficld is created by placing the
apparaius hetween fwo large charaed plates, separated
by a distance of 10cm, with a voltage difference 300V
across them and the magnetic feldd 15 created by placing
the: entive apparatus inside an effecuvely infinitcly long

solenoid with 20000 s per meire. The inventor
would like o know what current to pass through the
solenoid. What advice would you give? (You may
asgumis that the effects of gravity on the beam of
particles are negligrhle,)

Preparanion 1) mearks
Working 16 marks
Checking f mnarks
Jurestion 2

Thiz question relates maindy to Uit T oond carries 33%
oof thee micerkes for this assigroent,

A magnet, just above the pround, prodeces a strong
magnelic ficld which acts vertically dewnwands. This
magnetic lield 1= approcimately uniform inside o 20 cm
by Micm square region ABCD at ground lewel; the
magnedic hedd 15 relatvely small ouisade ABCD. This
situation cun be modelted by taking the magnetic Geld o
he of constant magnitude, 0.3 T, within the region
ABCD and zero outside,

Aosmall 4em by 4em square horizontal beop EFGH
slides along the ground with the same onentation as the
aguare ABCEH. Thiz loop obeys Ohm's law and has o
resistance of 6 LY Initially, the loop is wholly cutside the
region ABCDY, but it 05 displaced {withoul rotation]
along a siraight line; it enters the region ABCD,
becomes wholly contained within it, and ihen cmerges
from ARCD =0 that it is wholly outside 5t again {see
Figure | overleal ). Throughouot thiz displacenent, the
lovop EFGH 15 mioved at constant speed 0 =2m s Al

{a} Sketch a araph of the downward Hux through
EFGH wgainst time, taking ¢ = 0 o be the instant when
EFGH first overlaps ABCD. Your praph should include
i sesle amd unis o bath axes, {4 micerks)

(b)) Use your answer o part (a) to calculaie the
masgnitude of the rate of change of Aux through EFGH
as it enters and leaves the region ABCD of the magneiic
field. (¢t picerks)

(c} Skeich a graph of the corrent through EFGH
aganst bme, including a scale and units for both axes,
and wzing the convention thal, looking down from
above, anticlockwise currents are Llaken o be positive,
Show your working for any pumerical values given and
indicate your reasoming for the signs assigaed o the
cugrcnt. (12 maarksh



