
PHYSICS ADMISSIONS TEST
Wednesday, 30 October 2019

Time allnwed: 2 hours

For ca.n,clitlates opfi,y'ing t,o Pk,ystr:s. Ph,'gsics and Ptt.i,losoytLry,

En t1i.rt,r,:eri:n q, rtr- hI o,terial s S cie'ncr:

Total 24 questions [tOO Marks]

Ansrvels should he u,ritten on the question sheet in thc spaces provideci,
and 1'ou a.re encolllragecl to sho.,v l,ouL rvorking.

You should atteulpt as rrrilr,v questions a-s yoll can.

No tables, or formula sheets may be used.

Ansrn''ers should be given exact11. and in simplest terms
unless indicatr:d otherlr.ise.

Indicate rmiltiple-choice ansrvers br- cilcling the best answer:.

Partial credit ma1,- be given for- cor-rect rvolkings in mr-rltiple choice, querstions.

The nurnbers in the margin indicate the rnarks expected to be assignecl

to each question. You are aclvist-:cl to divide your time accorc.ling to
the ma,rks a,railable.

You ma1," ta.ke the gtavitittional fieid strengtlr
orr the surface of Etrlth to tie g ry 10 ni s--2

Do NOT turn over until told that you may do so.
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1. \\rlrat is tlrc ncxt nuurbcl iri thc scqtir,rice'i -{}72.:124. -108. :.t(i. -12

-.J t-g ' lt :-3

-\11-4rL+4-r o#s7-*

=)D

2. Wirit:h r.alues of .r i-Lird y solve the folk.,r,rring ecluations simuli,aueously:

logr*21ogu:log32
Ioga;*logy:-1og2

iel
L-)

*=+
-L

12)

r*Xt tzqT = qi2.

\r--blJ =-\L
€) =>

1,nrtfi\tl.in,hro O xlnre,

o

@

=) *!"
-\ X-
-a-=

x

=\L
l
2-

r.l+=:L4L

r=[=z

f =tt
2-

")T3=6$
*3 =4
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.rJ:4
*- -,
u: -4 -_ I

.-)
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- -a
'!l:4

no solutiorr
exists

tuw
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3. Coirsirlcr ii, syst()in ilf nranv intorircting partii:k,rs. Lct oar:}i particlc hzrvc ii, pritciiti:i1
eilergy ti(r) wiih respecI to any other particle. rnhere V(r) x r'7 lvhele r is the distancer
to another particle anci n is an integer. For such systelns the Virial Theoreur relates
the tirne averagecl total kinetic energlr of all particles (L,r) to the time averaged total
poterrtial enelgy (%*) u. fbllorl.'s:

2\7,",) : n(l i,i)

If the particles in our systen] interact on11 rria grzrvity, what is the tirne averagecl total
energ--Y (trr") of the s--vstem? [2]

4 ra^r*qf,r,^al pdh,rAtiil" ryl io g..opartrrrna,t b + = p -l

l4ua n,= -l

nula thr, Vrhat ttr^urtru t t4fi^JD

(f**) = -L (vr.r)

{Vt!,ttot eA!,\\ '$ A,'9, u{n4" o{ pfur^fiN daL bhtth, ewo61:

l[w) = (V",r)* (Tor)

=(vrrc)-l(Vu,g)

= i (r1,, )

A B C D E

(Ea,r) : o (Etn,.t/ :2(Vt,,,) \Er,,t) : (Vt*) 12 \Et,l,) : *(vt,,t.) \E,o,) : -2(Vt"t)
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4. Thc ai:cclcr:itiou g dire tii gravitl'otr a, sphr-.i:icil1 plarict in aii'i-inrii'r-r-sc is gilcn by:

GI,.T
ll : pt

rn'here M is the rnass, It the radius of the planet and G is tire gravitational constant in
thtit plaiict's universe.

In a cliIl'erent universe the gravitational constant is G/ anci has trvice the value of
the gravitational constant in our Universe G.

Find tlre ratio YP lbr a planet in the different universe which has half the radius and
9E<rrt.h

twice the densitl, of the Earth.

9'= 2-Q

Rprcn.r = i Run*

Pr,"*. = 2 Por*.

l/t Xlt\ttzrLt 3= t

[2]

= 4xtrcRlf ai^rt t-{=Vxp

Ileln,ct +a{ EatW, 
Sarra = I ?

5 h rc ,.e-,^R"*

R8.

=tC*fR
= t* s.p

tpr*cr = + (t rc ?p,r^*Rp,o^.t.

= f {r<1 ,r (ZpaIb,)(aRa.nr)

= 2-x fr c rc /;e,*r^Ra"ro,

farr pla^rt,

A B C D E

9planet 
- 

9
9Earth

.4planci t

vEar I h

9pianet 
- 

f
gEarth 2

9oluet n

9Eafih
9plauet 

- 
1

gEarth 4

= | ta,n-

Kathryn
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5. hi rvliich range of ct clocs thc fiilliiting r:qtratiotr li:rvr: nr:tl soltilio,ri-.' 12]

r,,,l2d+ortirnll:0

A B C D E

a { *2 ol a } 2 cr1*2 a)2 a>-0 a<0

Tftt r4r"frfot c-e;JO- l= h"iulg

aJ,LL9 t at ta*g = O

=) c.r*g-l td-h/L9+l=O
=) tat*g+o(h;u9*l=@
T1A;^ w ryaannb ,* tq"L I
56tut^bw: ta*g= -xt@ r^t\,;i,vr<4/Lil,.,j *Z+

L
6. A bag contains b blue bails and r red balls. If tr,vo l;ralls are pickecl at random ald

rernoverd from the bag, u,hat is the probabilit.v P that they are different colours? 12]

th& errbAhl.,ift$ b Art cttliN o+ fu,l, pr6bahilii,&,s p,,$r fl^&tun5

p{uirotg 6^hc/rxvld.h, t^fu,rr,lv a,rc br ani rb

P= P(br) + P(rb)

=(*)(*-,) + (;t;) (*=)
= 2-b r'

qb,t ry

A B C D E

br
C-,,)GTh1)

br
G+,"

2br
@+;f

c
P(rb)

D t+I/tu& ,r6la,t^,r) =) Uil""W\uLid q. *A U'wvw^-e-

0
P(b r)

(btr)(b r f -t)
10

2br
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A DD C D E

10 r't72 1000 20 1024

7. \\h ivish tri rcpir-s,'ni ii-rir'gr'r' iuiiuLi t- 1ii'iiriiig rriu t.Ir lirrgcrs. i\ fiiigci ls ilssriiiit,'d
Lo be eittrer stretched out or cluled up. Ho1,1'ruan-v dlfferenl iutegers can we represerrt
with our {ingers?

[2]

r.17

I ,t siir (.r)d.r'
Jzn

/l

I e ''dr
1-3n I )
/ .o.2ir1d,

J:Jo,r2

l*-r"-* o.

(i)

(2)

(3)

(4)

[2]

11^"L W + [z\ an\A tt\ a*e e-*1* ar,,,,A

,frr-fu /ro/L- r%aii\*, Wvtli^h,W 6\<,r

o, utbwuyrfriw i/ftrNa! ovftLw/ld" -uio , u'\L htutt^4'

@ a_ y\,rn1,_.lJio u^trofaL

L& eA,cW +r-t, *+t4rttz't/ 
^b;r\Aq W

IVv,ltvfr,N trye;) elv fq"t^rfi,nbe dr$ o+^. lOdi4iLW tw.

tkltp, N,r,an, = L'o = loL+

8. Without explicit caicrrl:rtir.lu state u-hicir integrirls ale ir.rrl-zero.

I1

I2

I3

It

A B C D E

2and3 1and4 1and3 2and4 all

11



9. A lorig, tliirr, stlrriglrt wirecalrying an c1r-rctric crulrcrit 1r:zruscs a, rlzr,gnctitr fir,rlil

of flux density B at zl pelpendicular distance r ii'om the rvire. The uragiritude of this
flux density is glven br. the fbliowing relatiou:

rnhere o is a constant. The rnagnetic fie1d points cilcumterentially around the wire. A
seconci. ideniical -wire is placerl paraiiei to ihe fir'st one ar a distarrc:e -D. Find ilLe culierit
12 that has to flow in thc sect-rud wire if the flux densit--v at tr lirrc half rval- Lrctrvcetr and
parallr{ to th,e u'ires is to clor-rble, compated- to tire flux den-sitv iion onlv one rvire at
current 1. 12]

A 5 L, D) E

I>,: I It:2I Iz : -21 t.-*T It:*I12

oIB--
7'

11rr, %ttts,ilJ{v e$b vt&, 'fiAfe ,^tltui/.l* art/ld .rf}6rt' V'r" B W bWot

b.f 'r,t, ,irrr,b drr6r\g 1fo 6il4nifl\' vt'\tuL At'rt c//it-o^X'

l"al,ya h rtir,^th,rq

l+ fu WM {urctA, 
ledUtu w;r'b ax- b WL 

'u/v A'\'e' *a"uLL

d;N^bfuv o&,fur. 't' ^A+^4"*' 
(^fraUn, i^ *4;r<h $ As'' irW to

0t6uhk, lfut v U,* o*o&a*tatn o+ fl\r' ai'lru'larr W ltzcdh tD fu'

offfia;kL a/tuoLh^& dt^iwdruL" W\rththr- wnuXa tuuAtt taL ;"'

SdUtu unr(a wilt cfi\frrlcr^fo- fi\t, %rtrt- PirJe o'Jc W{- wtdd',U-

y=,=-r 'n I fl*
@ oc d^,,?dlru- 6ow.${^I'r- tit<o ,v,""fu\'*d"e ha^rcto

^tfrrwiltl!- 
ArrL @A' a;nd'*ho* ' bti' uLtf,ll*'/ tA A'v" oil16v1u!- '

12

oyr,n;h, aAtufibo.



10. Whr.rri tlrr: pha,sc of the Nloou :rs sccn fi'om tlic Eartir is Frrll, what phase of thcr

Earth is seen by an observer on the lloon?
l2l

A B C D E

Gibbous
Quarter

(or'half') Crescent

il'he symbols above sho$, phases of the Eartir as seen froiri the \,{oon

@
fvtcrvr"

w
EdlW

O
futu

Pt^,a^{- ,t l"totlrL aD ailtv {rov,t EuIW nr FvlL

=) Hoorn" ia on, W aru 0+ E01W efi olw?"w tl*il* 
'c'o

W'ililn;Ar}rtL Moavr" WiA vdulot's'

=) 3u* i,t otu fa,,r cita, 4 Eap" v{t\r/\ u'Lvt Aoo't'

L "NaJ" ELJV,I"

(.dU to a4*-\

13
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11. Irr tht: circuit shor,r,ri bckrw a,ll lesistors havc thc sarnc rcsistilnr;r: -R and the light
bulb has a fixed resistance. You u'ish to change lhe state of the srvitches so that the
brightness of'the bulb increases fi'om its minirnum to its maxirnum. \\'hich sequence of
switch sta,tes wili achieve this? l2l

To W uuWiqUAroara ;rv W fu4rytrQrA" cnrtl, rtwuiltvo

I[: Th{, \arq,inntl" arfllbe, hrl^ril. il^rihl^, \ a)aw i,o d.tn{A

no,n engi'xalt,* &u,Df*Arz, olr Ra = R* t = |n

t: flwWa*d,v oufr;^tL uJv\hv,r4;1hd^,8 alonr- t4 d6r,ei

V'ah e4fi^ilrn- a;af,an*0. aq Rg = 2?,

Wv Wh&4" bSW u^AfdilfJ arL dm-lA, iltw o%rnlild
|uJiAtaAM- ia tulw '

I

t +lKA Rg
lLl *-
3R.LR

= f n

iiltuU."Atv- uni&, io pa*e*ed \ x elrvlr'hd*i.,.,d\h{P e$vur7Z',

thr, ry\Arxiar&ht^, l*4,for ',4 rta;hlA urhr,,vt W+{\oL fi^;l'lt'arvt

vr-'Lri\t/Jui,01\, A,,r!, b^^)10 atl"i*n*. *\q/^M' v\AA'a( bM[l^trrrna

A B C D E

1I

2

3

both closed

onlt, A closed

only B closed

both closed

only B closed

only A crloserl

only B closecl

only A closed
both closed

orriy A closed

onlv B r:iosed

bolh closecl

ail states
give the same

brightness

11nfl^" lad$tu dDr"A, a,rrtrw\^/\, b4\Xlufunl/lD uhfi" r^q b dratL.



12. Arr orgiin pipe is opr:n at otrc c'nr1 ancl ckrsetl at the other. Tht: lowt-'st note vott
cair play on this pipe has li'equenc-v frrrn. lf the speecl of sound in the pipe is u, urhat
is tire length tr of tire pipe?

A B C D E

r* Ll

- Ilnttt

r_ L

'i !n111

T 1)

J mln

T ZL'

lntirt
r- lu

.ftnin

LJ
WhBl r^ra^rc:

trlt-l

5*"r,rr0 urqr.rc iltv W W w$r'Lluarc:

I rnnA,i,uurw ah otl* ar^,t

n y\.O 6V}r&C ,Nofrrb r* b$w+l* ( a rrr,,,)

5o tr{tlt'o1 W L'

l- = Xrr.-,

-
t+

\r= +t = lr*^t'*n :D t,,ar,, = *
f rf{.r\.

5o L= r
4 *r,a,*

15



L3.

(u)

(b)

Sketch the graphs of y : tl + r)r'for integer values of n from 0 to 3, each on a
separate set of axes. Which point(s) are common to all the graphs ? 14)

Describe two of the further features common to the graphs for integer n > 1. 12)

u
tJn

l

(")

I

r rO
9, (t+r)" 

= \

,.L
a

4)

I

t5-

i
t0+

I

I

I
I

5+
I

I
I

urt{ra}v ;a +qnql* {4c x=-l +4t vL>'l-.ioUr,a*; anJ,r6 ortl *lalt a,tar1-,fafi,

a;rril & to 
^l^*r{l^ 

oL t= - l.
' &{L ff.?b^ aarrXc t rl\+idbt ah * Xaorto ir+i"i{
. &{l T?*r a* crv.hirurr.Pt

o Nou o+W X4or|l'Alit''"t'ta'\L * rynuda"^'L

.gnt4l^/r ia (r= e t= r )

(lo) ' 6'r tr)l, x1,ufrvr oo*ut*ovv l,rit4^L 6 (r =-t, {=0)
'ForrL)l,Ww prirt, b {dul\rl W tl = n (l+rc)^-r 

= O

1 2 'x-

(tt:c)'
Itx-

y = 
( t+r")3

16
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I

I

I

,/
,/-a ,/

', ,/

/.r-
z 

'X= 
(l+e-)



14. A r':rdioactive sanrple (:orrtri,ills trno isotopcs. ,4 a,r-Ld B. Isotopr: A decavs to isolope
B with a half life of 1172. Isotope B is stable.

(a) Tire nuuber of atoms of A lefi aftcr a tirne-' t is given by:

lt"e(i) : A'Ao e-It

rvhere ALag is the initial number of atouls of A. Derive zln exilression lbr ) in terms
of t112.

(b) Initiallv tltc nurnbr:r of B al,oms in the sample is A16(/ - 0) : ,\6s. Lct A6(f) be

the time dependent number of B irioms in the sample. \\:rite doil'n an expression
ior A!(t) in terrns of .\, 160, iv-'71g ancl f .

(c) At tiie start there are z times as urarl)'A atorns iu the satnple as thete aru B
atoms. Horv long does it take until this ratio is reversecl .'

[2]

[1]

Is]

(") Tl1g h"[+ f^4& Lyt ," d1g].o& sa Wb';fi*, o*!t+ t)ttLifrUv

h"t4 o+ ht mifi,aL rluaflnaL l4a^ d'"4{€4"

U^ (t,J = t N*, = Nn, e-x o"'

t^H)= - XC'7.

n Llt2-"_T
(u) Nr (t) = Nso * NEo (t - e-"')

(4 qi,-rh, thr& Nno = r Ngo qti,*a, bi od;'"It^iwb

Ns(h) = x }rla (ti) O

Mss t N,6s (t-d^tt)= , Nn, dxtt

ry - N*o ( t-i-^t,)= !c N* dt" \ O

+ = [r.rr) dabi,

Ln (r) = t[i
tt = [r'rr r

18 ,;T vt



15. Tlie di;rgliurr bclorv slrorvs ;rir u,ir'-cr:ll rcft'actottrctt:r.

narrow beam of light entrance window

liquid
nt

window

A narrow bearn of iight enters the entrance urindow at normal incicleuce and you

c:rn observe thc iiglrt lezrving th<r crit windorv by i:yc. The outel Lrox is fillui wit,it a

liquirl of unknorvn refi'acLive inclex n7. The glass of the air ce}l htLs rcliactive index n,
arrd the cell is fi1led inith air of refi'active inrlex no. The air-cell in the liqrrid fiIled vessel

makes angie 6; rvith r:espect ro the irrcorning bea,m of ligirt, as shot'tr in the clia,gram.

This arigle can be prccisciy ard.iusted iurd nreasutecl.

(a) On the diagram providecl ou the next page, clraw the refiactec.l path ol tlie beatn

tlri:ough the air cell. For this diagram 1,ou should assume t),q > t7t > ILu.

(b) Describe rlualitativell'what you u,il1 cil:serve at the exit u,indor,v a,s yorl lncrease 6;

fiom zero and irence explain hou' this iustrument could be used to determine the
reliactivr: jrrrlex of tlir: Iiqrrid n1 itr tiLc chi.unbcr. Find tire rolation bcttvccn ril zriirl

a special value of d;.

(c) Suggest u,'ith reasons, a wa\/ to modify the appar:rtus or its use to improve the
rtreasulentent.

exit

t3l

[3]

lrl
l-!

20
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0ri'
I

I
I

?

pailL*i.?L

(*) *w a,lyiln otcar,L nWrt -dk a^L eir-Xtana inft*l'olrA at< b\qel

t frlubl^Elt ahil^l, |;$L'aJr a^L dr-@i^tuquD'

rUz q qW a.pardkLoW,

i
I

I
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lt (b) Ar 9; to iruttA,brJ., {trrt -ltfr, b4&rL a cu4ai* 0;,, H+o tz,ttr

lrd^n rt W XW hIo W q;n utilL ,u.tft t6q;- ,irfulr*ol- fi+)tit4bl (rrR)

ar\f' vw ra{ uril't b2' ddote ahV* eAc;X' uiv,'dalo'

lru aild;fiW r 4 9; ;D ;;lv^yroal,'A t tw b'a/t{v ;4 ituu+N*rlXht

pAriltL,f^;4fuL. k1'w, fvrr,bt^d'rw w;iL bowtva

A;flutgtf N, W 
"4lrfifrat\ 

6w+t\L bfu4ALeA ilvcXa* ,^ibL a4V.

Tou*A*iMt
, Lawtirum\ ebaut* ht' 6vfr.ir*t^tht' vsl"il't';'ntt-to;'1Pl

. R€^/r{ ilrr, ai4\t ah,^n^iqr"h^4- 6uW Xaot 
dar+-

5ru1,t'5 h,r^.r on" Wrb W i^tt4^tr. Xitt<a

fiv ei* (*i,l = n, arn"(9.)

Lu)L's W oNil,rb lt ooa{ ;^fr4Ail, d,'/. dt.^l'a"^A,"z3tb l0,-

af,W\t, uihi.;oL ary1b N
r1X aj^^, (9.) = rL,. uh,(qo) = rLa

Coodo,,h,rhj U'1, q^to N
nv dwv (q) = ,u^

/tu = }ta'
2r& [Bi)(cl PoAi"bI& ,z,i.aarr<trtorrb or{;

el;m;ufr., El4AlL i* arlbzw)t-.
. fl4,.t{rtJ., d;f \tihuva,0{A^rn Vo a,r,tu.rafu\ X& n l.,t4rrLttw ol\rtAilc, *ild,ei^re

, r&rrf, rlihruJ1.wi,U^, a rya,utihfii* eth;f*, nhu tt^A.^- fr^L e ' b'Ata

xL.
, ftoPrt^t, 6+1t/o ry W a*'*rfun;\'r'r. qlAtc q4.
t qAL ttrpadt.rffivattr- ti4h! tD a^rdid. di.Aryirarv ot;a atav i,tucfra/,tll



16. Tlr<: crlclgy icvels r.,f the elet:trorr in :r hydrogen atorn aler chilt'arctcriscr.l by a qlralr-

trrm nrrrnber n:

En: * l"t!
rL"

where lz. is Planck's constant, c is the speed of lig1rt and F is the Rydberg constarrt.

(:r) State a furrlula that lclatt:s the rvarrclcrigtL tif liglrt ,\ t,o h, c: anrl -E rvhich is th<:

energy of a phol,on.

(b) Lct p aud q be the quantuur numbers of the uppel and lower energ,!' levels of an

electron transition in hydrogen. Find a fbrmula that lelates the rvar.,elength of
iight emitted in such transitiorrs to p aird g.

(c) For each itf thc three hydlogen emi-ssion line scts shor'vn irr the table bclou,, idcntifv
the qr.ranturn nLrmber of its lorver energy level g . Each set (column) of hve emission
Iines has the same lower energv level. The first colurln sho-nvs the quantum nurnber
of tiie upper ener€!) level q reiative to the lolrrer level.

p
Set-A
,\ lnml

Sct-B
,\ lnml

Sc1,-C

.\ fnml
q+7
q+ t
q+3
q+4
q+5

121.57
702.!t7

97.254
94.974
93.780

.1051

2ti25

2166
194.1

181 7

7460

4(i54
3741
'lrn7
3039

You rray assurre that p ( 6 and fi:10973731.6rn-1

(") x = hc,
e

t - i)

[1]

lnll-l

l4l

(rr) Q = Er-E\

= hc R (

He;rcu

*=R (t' - i.)

24
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16 (") fi"d, 1i $ %r^t- o+Atu. ry\ lo^ilr^ FtWlt'A'#l' e'oto

6{,b A

?l
ttI
t+t
q+\

SehB

?

tLt '57
toL.51
g 1 'z5lt

+ osl
2-6L5
Lt 66

^r (runl
1+ 60

4 65+
j7+l

o.7+q,b
o.gq $t+

o.q\10

o.oL
0. o \+-ll
o .o +2o7

O.O I LLL
0.01q58

0,0L+X6

qr+l

qr+L

t+5

5eC
?

1+

tra
fi1

Catl"tafu ti = +"- t" g uwr,;at'l,na a qrt?6o2.,^,r4ai

mntd^ra A,rl" ,tdt r/, of WrL A^*q- afiD alo"n^g.

q, ? r ]-
?'

t,
RX

I
I

I

z

3

I

I

I

F
tq

3.-
a
g_-
q

o.?t
0.s8q

2 3 I
+

I

E' fr = o'131

--__

7
iC+ = 0'0+163 4 I

T
I

t6

+

+

5

6

I
lc

l-
It

I

z5

L
3E

#o = o'oL1-5

#; = o.oxq7

5

5

6

7

!
?5

I

a

J
76

t

T.1

It
{N 25=0.0rzZ

Hil=0.0r{6
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t7.

(a) Find an expression fbr the angle 0 fbr rvhicir the gre.v area ,4, is / times tlie area

of the outel square,45. Your expressiorr fbr 6 should trrke the fbrrl:

0: B -c\J')t2r'2 - 1-

r.vhere B is a constant and C(/) is a tunction of f . State B and C(/) explicitl1,.
Youmay assumetirat, r > 7, J ( l ancl / > 0. Thevalueof :rfrindicatesthe
radius of the outer clrcle.

(b) Firrd the nurnerical r.alne fbr 0 to five significant fi.gures rvhen a;:3 and I : l12.

[6]

[1]

(o) W,0.6( C-4^A+L Ao t4 a,Foi)b\ q+0"-e' dillh?ar{ a+ U\"

qf,taD o+ th, @,t r o,i.i,* b^tr cird;.t'J P,"tPo&,cnat b A^/'

+rarfr,rnlrrL az,qb cfr\t+.lv.'d" \+'u' C-lLNl+L'

Ac = tc (trr1" -*) ( l- *")

= rE Ro (-"-r) ( t- *)
Tht out r cAfarl, bvalr xd,fu, U^4W o+!r"R a;iud' th axa" ta

A r = (2t, ?.)2

lhw t,{X a^ra nl \/, A\L d;Wre;ttL. o+ frw o'r<A" 4 U'*

o^t r ava& a,^,*td,,\L L'r+'a,lL

A 
X = +* Rt -ro Lz h,-" -r) (l- *)
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l7 (a)
raNti ftw tq4tpqtti, m,hb 6+ ar+atJ A, = f Ar ;^ Ll^-e^

(b) *=\, l=L
=) twunti.,caL rrahu- o1 9 ta

tr-Ir);Ex3"v=L* ff
=Lrc *L

= 1.7832_nI

(= I oL.l T') 
zT

+ (xr,,R)t ? ( zrct)" - (l - g) 
[rc 

(rt)e -rR']

tr-f) 4* = $ (,- *) [r"_rJ
(r-+) += rE(r-t)tr-*.1

('-+) +ftf = ('-*)

$= Lw F (t-tr)txl

=) b= zro (4so') 

*L -l

c(f)= s ( r-r)



18. Solvt: tire lir11ou,ing e:qua,tion liir -r:

e.* +\ 
=

-*eL +)

*+1 =

en -l -z{* =

f-t -z =

(e*-z)(e"+ t) =

gn=

g*+

5o gL =

?L=

e'+9
-)e'tc

2t* + to

0

0

0

2-or- -l

-l

L

t n"?-

[3]

2_
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(") Bqo.c,

19. A filewtrk I'or:ket is laulchcd rttrtic:lliy. At the rrrotncrrt of cxplosion it is rnt.rviug

rl,.ith a vertical speed of Lto : 2 ins-I npwards. The explosion reieases an energv of
Eerp -- 1 J nnd the rocket bursts into fbur pieces with rnasses of rttl : 1B=, Tttr: )o,
r/t3 : Jg and nr,4 :4g. The piece u,-ith mass ?r24 rlloves vertica,liy uprv:lrd*r rvith a speed

of ri4: 1rns-1. 'Ihe pieces of mirss ?713 arrd rn2 rrrove horiztrntally and the piecre of rrass
inl moves vertlcally. A11 velocities and ciirections in this qr.restiorr are girretr relative tc.r

the ground and 1,our answer should do the same.

(a) Obtain the speeds ol all the pieces alter the expiosion. t5]

(b) Higher speecl pieces can be obtrrined if the clirections of motrement of the pieces

a,rc dillcrent fi'om those iu palrt (a). Lirrder rvirich cltoice of directions rvorllcl thc

ft=flrn5-r
@

tu
o
c

rnaxirnunr speed of orie of the piecres be achieved?

w&::

tr@

HorrU,rr&,rrt oa$nl,^rnXti,rvlv - t*\L ftt*t*., ?iliet t;r'v^"Ald*\

o,{trf ** c@,rV ,luu$ ail*ha^ttt\.0-a.a*W tnanUhlan\

qh hr?ot(, :

ErA = Eq +€s

(2r'u')L
5l -lrAJ 30

A +n4r\a

f, tt= zv,tr-' ers

Eq

Po = fl\a6 rt; = 103 x Lyr.1'

= +ZO qr4s-r
d

[3]

,n, = lt
mz =25
ms= 3X
n+= 43

rrthuo pdtk\I<, W hArtrt!

,^* wtlrt u4bter*'XlY
wtrrq,ka an pn;fu<

EnuX"S cnvuvruzif;rw - t6tot tufufik,q1 a+dl*ll" PitnD

a4fu aa e4l,fl^m n^ru^t \LWg^A'tv 6t e4'bqLtp illt- ul'^ a+

W eatt;,o* erLl.n1 a''\f"tfu Wvfirn ryt +V"t' t&kt' bt+o*<

n+\L

E"rrp+ t rrwq'

I I + i " lOX *

t
I
I
I
,
I
I
I
I
I
II
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To dbhuae vnaarirural o'PrrAa P, ?r!fl,> r M d* a"nu;aaX €leqX

lm,yt lrx+W;nv\, q cor/utJht b t;^1h7' u+% o+ Yi'a '

Iv1, ",{lt" +,{tJ *fu"q
lvr2 wilL h @ bavx-u,' b^& un,bt' r'r't,

p*t eit*w l\ dfu'$ h"rirral*qq or\xrtica\

=) e,\pu*io* +.of f{WMfiWW oannU,n*;o* ""+qfifr+,,ra,b 
tr,to aryAtfiwJ

. mrr{hfrla, o+ hnritalnfraL Poi,r nrilafr ann"bztm

+tnia..onfatrrnr\*Mart2=p @

Vc.tteat t M+V* * ,ln, U, ! Po

fhrll erydiirvr l4t il^rtt tluril.$n^fW a+UrAD

fr, I

Bt@, vL= -ma%
?ylL

AL*,<-e. Eub = *, (r,*. +m*,;ti"**"$p)""-rE")
I

= i h,t' * n+q'+ (fi * r)^.t 
)lltt,lb w * l1*01;aJ[a ta" \ v;k^, +6tn*;ra

f.r =t l 
= lS. +o6,rtls{ *.rT*"*l'J-

')E = 2i.t08
(u) +{,4lt1at, WtA.^?q vr,eiorL w d,y,;,.t+d-'q dat*tvnlu*ay ?;r!4A

(m*, ,Ytr, vtrtz) 
^Il" 

i1,cdi,L @ l^tt{t ^*' $t* ttr,.

To walrqruun,l, qt"rd" crl rvt, W,'&,,rkr;,iln' hW*?
q6rdv lr;r\fr{- gar,ra" ,?UA 0\ clrr$tl o+ wtAI'A i* an'i;tipv'



20. 'l'lie rliagriuri bclow shows irn irrtcrfi:rourctcr u,ith ts,o paths (Path A irncl P:rth B)
r,rrhich a rvave can take fiom its solrrce S to a deter:tor I).

The lengths of the paths differ by an arnount I rvhich can change ri'ith tirne.
The intensitt, at the detector 1 is measuretl and varies trs a funrrtion of I as follows:

I : Ip f 1, cos(AI)

In the above k is the lvavenurnber of thr: u'ave ra.hir:h relates to the u,avelength ) via
k : 2r I \. 1, and /n art': cotrstatrt,s.

(a) Skeich the intensit)r as a, fu.rctiorr of tr in the range fi'orn 0 to 2) Lzibel both axes

and identil-v 1, and 1, in the sketch.

\Ve r,rrish to use tlie interf'erometer to measur€r hou'the path length difference .L changes

with time by measnring thc intensitl, at thc dctcctor as a firnction of tirne. The chzlnger

in path length difference is A-L.

(b) Irrdicatc on \rolrl skr:tch thr: biggcst AI vou can irrlel urtarttbigttortsll'fi'orn a lllca-
of intensity.

I
I

UAW
u,rtAnil9t4^At^))

fiArL(,

o'pfiuaL Nw 1.t""{)," dr,tr r**

[3]

/--
I

T
Tq

(")

-<-)
.J
E

.B
a

S/

lJ-
,E

rA

32

Path A

Path B

ol
L-l



This page is intentionalh' 1i-.ft biarrk for urorking.

LO (b) Ilv, tltx\oe uruilrilu4tr"ttlu w o\r+r vfvirlw obl*'/w b" ?ablv

W{\$+lv d;+Wfir" ca}tLV twz"&'u<L ia eryalbo W \le
nrye i,rrru htlirlu A*, Yt*^cfilr1, L ( u) oarLV- tm+rtel

b ?N L (I).

11^ lr fir\e io at, .tu"sr*, 
\ a/\n, t^,Tt^Id Qfur4f^)w {tA 0{e'

,hr.^-,r1 f"r* to U^t ruu,ct'.

'icL okafuN,
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21. \iru r,visir tri lluilcl
the diagrarn belorv.

arr adiustirl-ile cielay line rrsiirg crlectrical srvitr:hcs as showrr in

Its purpose is to adju-st the de1a1,- of an electrical signal tluough the clelav line b1,

switching different arnounts of clelay into tire signal patli.

The delay line should tise the minimum antount of su,itches.

The de1a3, line should have a minimal delay e1 L,,,y,1 dttd a maximal delay of Lr,r,r, I
Lrri,r"* AI. \[b rctcr to AI as tire derl.rv Ii-rug(].

The clelay should ber adiustable in increutents of dI so that the line can achierre an

even11, spaced set of delays betu,een Ln1;,y1 i\l)cl I,r,,,.,, u'ith a resolution of 6L.

For all segrnents in the lirre you har.e to detenuine zr coillmon) sinall cielay I wirich
is active r,vhen its switch is in the lower position.

Yor: further have to cletermine a larger, individual deliry of Li * I ) I ibr each seg-

rnent rvhich is active u,hen its su'itcrh is in the upper position.

!-or ir linr: rir'ith n, segmenls to satisf.r' the dt-'mzrnds on the mi.nimitm nttmber of sr,vitcltes,

minimum delay tr,r,,;r. deiay range Atr and delay lesolution d-L:

(a) Find a value for I in terms af L,,,,,i,,, and n.

(b) Find the delays of each segment tri in terms ol 6L.

(c) Find lhe minirlurn necessrlry rz in terms of Atr and dI

[1]

[3]

[3]

(a") fhr- Mit\i."1^^)ttL drq un q- d,'6ri/v c* n d-*d,t-u ;A

Lnd" 3 nL

fl,ai^ ro qrhiar(d'q o/.lo*xrthdrua qJ<-;tv ttg t^or^rc-r P6i^hh4"

1l^^A dt {vrA/^A^ t}Ai, L = Ly,^^;T
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Ll (b) 11^t- ry * a4{^hfuIvfi.- iA 
X;$u'" \&'t' qnw)&"b

cba4e i,& dday frltuaL cury ol Wa,rrattttu,f'a ca/* Xa^rrak".

ln ocilfrto oJ4vrvftu dlitfuqniliat* ry vifrl'v bLus- 1auntt-

yq tL w*etaltttrncr+ryt !"rt3 dila^f ha/)

tr corfirrurrrUl aar^)oU. fe. AM. MA.\> ha^lg 6W ?M aI

turo u,ulfifl,iA q tL
LL = LL't tt

lru tfa,ta cant, *t b,^ra uwtlou<L otxlaq fro'^ 0 to (2"-t) tt-
c,ot*\V rary<4AfrA,.

11^^A ,fir^b 
flOnL *\r, $& frN1i., u$,L ct^ib.l,t eAdLWL or,t. tuJo

P.rrlif.rr\D lyullj.,tit& QAi,v d$t i,w xW M,*!Wr calt\taIt o--

h,,,o ?tatA. thr *rl^{ AruaL t),rl ,* c^;.,t X (a cXaXal w*A.b^ha
io E L 2n4 , W l1<-1., W ,+L a;,ar;L 11Lr Wn;nyuful
e,nfrrk)fu^ t^-t \h \ilA^r-. ( o,^r u^ikdayr qAa en;k^ a-* cowfuL

{,zroltw I ix, Au.6 1at rl^rla*,lo,t .\

(c) IT\L 
"l11 W o7+),O d",oJtu ea.oLlrl.- v-t-nfrt r"d"61^rl\- W

oaluro eufirv a+ A)L U^o t/nq a*ta1t , dil,A tk tu)tk,W tatXtt ar

erty\/aL tb VrrL drr\)*1rd' {.t^^e ftlqo aL:
aL > f k = rL t r^-,

Tl^;a b x yn;ko V.q^frni, qtrN, h(hj,r,he cA,tLlrv- xAw,w,Un* an\L

eNaMaYl.. ar^d,Ww ir't4tal;\ ?dl^lct Fr n aa $Ltrun:
aL>5r_F,.,

) Tt- l-2"
l-2-

n) .-3. (?i *,)



22. A colrical cup hits tlirrrt:nsions as showu irr thr.r Lliilgririlr of its cross--st,rt--tit.irr berlo'uv.

Tire cup can hold a maxilnum r.olume V when {illed to its fill1 depth 11. Pind an

exprcssion fbr the depth ft, to rn'hich 1ou have to iill thr: cup so that it contains a volttrne
of liquid equai to V/2. \brr expressiol for /z should oniy clepencl on the climensions of
thc cup.

VdU,utte c+ a- e4w: V=

[4]

TE ILf t.lzt 3

13 /D\zH
[z) b

o(rrt

= D.b
H

5oIc E=
3

l-l

We urq/& tb pdltt ilw ctt gto a- t{^,'& h" at" v,thii"v+f* A;Anuf'1r

o+ W W +4u.rttuloL coYrt i^ d.

Vdlnmc o+ W c$\t d'&)^Whnd4 ft wwvv6lu,'tvw.

H,t*t*,
= trrc

N€r^l,h Fehfo diaz tXLr q,L a Xi^r?,tv 
lrr,rJ1l^*, tb +jd/. dL hi1tt*,

vra" bl'\.c ,p-*3 l't^o{-a,ruXtz *w\t, cdng, o(.

o^+l^q ha^p ryait.l- ,tat+- alnV

tq/& [d'l =

touv (u") =

=) d.,= 2hD,
zq

a
2r{

&
th

I Dr"\t
\ffi)

=) [t= irf

i*(tf + \ry@."n o
36



23. Irr ii,n irnaginary urate,.t filtr:itiotr process a fructiou ot l f n, of a,u itriptu'itt, is reiuovcil
in the first pass of the u-ater through t,he system. In each succeeding pass) the amount
of impurltv rernoved is 1f n of the arnoltrt rernoved in the preceding pass. Show that if
n : 2 the u'ater can be macle arbltrarily pure but if n : 3, at least half of the impurity
will remain. [5]

= t- I H'rI l'LHnE

E\rqfir,atih1 F +or N--L ov{,f" yL=3

F(z) = 0

Ftt) = i

L{t' F,'o beulz lya^rfiui,t\' o+ $L uld,hhl t*+"t"q il/uab b

.**"*,t ryW m- Pa/D{^ tt4r%t{' +*au7e*'x'

11'; 
tr*(") = r-l (fr-) =F(n)

F(n)=#
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24. 'Ihe sket<:h belorv shows a bnll of rrtrrss ?rr ()1r il si)r'ilrg tif turextr:rr<1c<i lcrigth -R0

and sprirrg constant A,. The spring is pivoted on the left on a central axis marl<ed with a

cross. The axis is perpenciicular to tlie plane of the sketc:h. The ball and spring rotate
around the central axis on a siloolh horizonial tabie as indicated by the alro\r iir the
sketch. The spring in-ill brcak if it is stretcht-.d rvith ir fbrce larger tharr -P-or.

Find the equilibriurri extension E of the svstem when it rotates r.vith angular
fiequency --.

Find the equilibrium angular frequencl,r,.,. at rvhich the spring r'lill break.

Sketcb ar.j zigainst .fr,o.. in the rtrnge fron zero to one Nervton for the fblloiving
pararneters nt,: lkg, fro - 1m. A:1Nm-l. Label vour axes.

Under some conclitions the systetlr can only achieve a rnaximurn angular tiequency
e,i 1 ar. . Firrcl zr rr:latiorrsliip Lretu,-eeu k. rn trnil Lui .uxi explairi in,hat hirppert-s tir
the systeni trs the angular fiequency increases to 4,1 .

(u)

[3]

t1l(b)

(")

(d)

[2]

[4]

(")

k ( R-r,) --

E
h.- rrtrur

Ce*;yn* 
^Lef"dto 

\-aP loa.lt on ra#un R' a-b

r6tAir;o^at qNA w w

F"=rnh)aR.

Cenfna*ot Wu. io pnnrtA,c,ct b.d "f*{, ufh,rlh. wil/*'

d% |to6ke's la^^J

llt.z.,e*

5o {rr a, olfu *,

FS= R (R-RO)

W\ (^)L R.

(=

38
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Tirls prrge is lntentionally ]s11 blarrk {or vu'olking.

L+ (b)

ll ur. iruIlt/\, R = ;};,, 
R, inV ee4,ialtL +4t czlthi+n^L fr&:

F"- *"o,*, 
1F,^ro

\ _ f*t^)u

56t^,r,/q U* wta,u*tX Fr wc'.
\,

(Dc 
=

Fr",,r. E

[")

m (hRo + F,r.ar,)

0.6

\D

{ o.+
6
t_

rJ

3 o.z

0,.'

F*ro (tt)

({) -fl\L"rr{t;lvubl,c;ay,itln unata}ot{- uJ4^r.tu lt ! rrn w*.

Itt, ru;, F, xrrt^/! 
,rtortr;r t^nUA, RUAa/4, T? az d, k 

^;t+JW 
at> R=fi*n"

trr- rta\ ,Wtf""t r,rlft^LL affiirv bu{o A ihrl;Ataf ,*W
(E1 oyrannn ?ufirUr u^,,i-li;lrta,r unh^, R.), c4ail,Jlonrrn b *nUad aAA

6s tall\ u$J6,il/J- tO ryow + trnna , 'w sufrtru,d'"l" l;r\!a,r 4*
-+ [r. ag^Jr^1 ,rtt^;tL"?" 1 ia a W u'iH' to'it.Dtaeurtrt's

daLAt^L *e"t"A. lC re'.ta,ha \^i^lr\il^L \^lr*c 'ut ott+n*rltcltlL'
14 trnraar W i;rvtbrt \;roar( *yryU- a.;i'd. wi (wc, a^b", o* w;,
tA,s e#tn1 uril" <,lf.e,rrt" *4rrt to iJa *"i lt^XA- ar\d' bredl-

af wi.




