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PRAC-T IC6 F/A/AL

(a) In the Rutherford scattering experiment a particular o particle makes a direct

(4)

K: :

head-on collision with a gold nucleus ( rffla 
) and scatters backward at 1g0". If

th€ distance ofclosesl approach ofthe c panicle is found ro b€ d = 4.29x10-rr m,
whal was the initial kinetic energy ofthe o paflicle?

(b) A 5,I eV cr panicle is incidert on a rectangular barier of height 6.g eV_ What is
the approximate potability that the q, particle will tunnel tho;gh the barrier ifthe
barrier width is 0.75 nm?

(") 
1,.b1"-.ll]:lit]I 

.horbing piece of cardboard ofarea A= 2.0 cm2 interceprs light
wrlh an intensity of l0 W/m' from a camera strobe light. Whal radiation pressure
is produced on rhe cardboard by rhe lighr?

(d) The total encrgy ofa mass osciilating on a spring is 6 J. What are the kinetic andpotelttal en€rgies ofthis mass whor its displacernent is halfofits amDlitude?

-- r; , h.c tneo #--e ''lo*'n"'
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r e
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(b/ cr 9l
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= s.gq x t | t l
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L,
(a) (i) rhe work tuncrion fo. 

"""i;;*i;r 
j;Zi;;;;.iffiffilmaximum;

illliill:ll""lT;-'1.:9,":_,.01y: t9, t,"gu.ingtl," pho1o"i"";i'"ii""i.ir,r rr
f:#,,"T;tr, "r,n"'""ra"nipr,oton. i" iou;;fi ;; ffi ,"fi"" i# ;1.:T;l:i

(b) The energy levels for the eleclrons ofhydrogen atom are given by
_  -  r J ,oey
E ,  =  - -  - - - .  where  n= | ,2 ,3 .  . . .

I: l1I_*^:-r.l* 
*rresponds to transrtion ro rhe starc n .2. The mosl promrnentrne rn rnrs smes corre€ponds to red light. The ottrer tine, 

"o.r..pl;;,;;i"^ ,"
,^, 3,:-1ll" ll tn"loter range. Whar is rh" *"u"t"ngtt or tt 

" rJii*, 
* .-'

(c) rrectrons in an eiectron microscoDe are u"".ler",ir ,f,rou!f, . poi*riurdifferenceAt/ = 10. t/. What is thl r
(d) The energy ofa c"nuin nu"l"o 

"tut"dl^lTgliewavelenglh 

ofthese electrons?
whar is rhe minimum ,,*r,,n".r,0*Tl 3i 

measured with an uncertaintyof I ev.
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73. Arl electnDn is confined to a one{imensional infinitely deep potential well of
widlh ,= | 00 pm.

(a) What is the gound state energy ofthis electron, i.e. what is its €nergy at stare
n= l?

(b) What is lhe probability that the electron can be detected wirhin an intewal
dr=0.011 at the midpoint (r=r2) ofrhe Dotenrial well?

(c) lfthe electron makes a transition from the ground state (n=l) ro the second
.., 

excited sate (n=3)ty absorbing light, what must be the wavelength ofthis Iight?
(d) Once the electlon has been excited to the second excit€d state, w-hat wavelengths

oflight can it ernit by de-excitation? (20 Doints)

2. tot Er:

(b)

(c)

oi##,,,,@
a 'q s1g-t6 '

' -  O.oz

- L

--11- - (6'ezeap;:3v) '
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c
4. The proper m€arl lifetime ofn mesons is 2.6x10{ sec. A beam ofsuch particles is

movirg with a speed 0-9c sith respect to the earth.
(a) What is tbeir mean lifelime as measured in the laboratory on the earth?
(b) How far would. they lravel before they decay as measured in tlie laboritory on the

earlh?
(c) How far woutd they travet before they decay as measwed by someone haveling

n ilh the n mesons?
(d) ln the reference of^the n mesons, how far does the laboratory travel in a qpical

lifetime of2.6xl0'E sec? (20 p&ts)

ft=*-- '''t

X = qc = @.qc) tr.qrxt6-8ecc) = Lo.ilOxil.e)(s-Ssxh-8)__f6.ffi]

d \  T ' -  . w  z -- t r - ICAy= l_

€ -r ,/TEr 
_

- c = g.z?) (z.e xria s) = ttrfFEa
cb)

CC) fn this f.ame, n .zreliohs ate n6l rrbvins => x =o

Ldt y'= qq = Qt.ic)(z.exrfi*.) = Q'il$xr|)@'txto") =Fizd

l



5. Liglrt ofwavelength 50O nm is incident normally on thin film ofwater | 0{ crn
thick. The refractive index ofwater is 1.33.

(a) What is the navelength ofthe ligbt in the wat€r?
@) How many wavelengths are contained in the distance 2t inside the film. where t is

the rhickness ofthe film?
(c) What is the total phase difference betwaen the wave reflected from the top ofthe

film and the one reflected fiom the boltom ofthe film?
(d) lVhat would be the minimum thickness of the film such that the two reflected

waves (onc from ihe top and the other from the bottom of the film) may interf€re
colstuctivel/

NAn= zt  9 /V= z(

(20 points)

c()

b)

t2 | xto'Vcvh = txlo-arn
n= t.?3

)"=b:4: l4e.qqhrn' '  ^  1 .73
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//.|,
{. A rope'uder the tension of200 N and fixed at both ends, oscillares in a secondharmonic standing wave pattem as shown in *," ngu." U"io*- rt 

" 
il;;;;*,of the rcpe is given by

ll(r, r) = [0.l0nt(sin,a | 2)lsint2rt ,
,. 

where.r=o at one end ofthe rope, r is in melers and I is in seconds. What are(4, tne vatues ol the wave number k and the angular frequency a.rolthe waves
_. . forming lhe standing wave on the rope,
(b) the speed ofthe waves on the roo€-
(c) the.length oflhe rope, and
(d) the mass ofthe rope?
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