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Answer FIVE (05) Questions only.

(All Synll]bO_ls hanr their usual meaning)
= 6.626 x1073* 5
g = 8.854 x10712(2 N~1pp-2

Ho = 4m x 107"Hm™?
e = 1.6x10719
€= 3x10%ms™?

me = 9.1 x1073 kg

R (Rydberg’s constant) = 1.097 x 10" m’'

lu=931.5MeV
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ing i tial form of the Gauss’ law, obtain Poisson’s and Lap
. ) Starting from the differentia n 5 st

equations.
b)  Two conducting cones have been put together at

es as shown in the figure. The vertices
The upper

their vertic

are insulated at the origin (at 7= 0).

cone has a constant potential of ¥4(>0) at an

angle 6, from the z-axis and the lower cone has a

zero potential at an angle 6 from the z-axIs.

) Solve the Laplace’s equation to find (he potential at a point in the outer region between

the cones,

{Hint: fﬁd() =In ltangl + constant} (09 marks)
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(1)) Calculate _H_l‘, H, and B,. (10 marks)
(i) Find the angles 8, and 68, between the field vectors and a tangent to the interface,
(04 marks)
(i) Write down Maxwell’s equatons in electrodynamics for a free space.
(04 marks)
(1) Electric field intensity vector in free space is given by E = E, cos(wt - Bz) 7.
Obtain expressions for D, B and H in free space. (07 marks)
(i) A hydrogen atom has o ‘
nly orie : . X
ot o y ore electron, byt many spectral lines are formed in the
ol hydrogen. Explain (he
o , ' Plain the aboye Statement, (04 marks)
(11)  Name the different spectral line o ;
expression for 2 in termg of R (R dT“eS’Ol hydrogen spectrum. Write down an
cach serics, YERCrE's constant) ang for the spectral lines of
iii Cr ‘ulate > »
(ii1) dl'culatu the Wavelengl of the fiy (06 marks)
series St membey and o e
- and the limiting member of Balmer
(i) (05 marks)
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iy Whats the wavelength of adiation emitted |
., e the ¢

second excited state o the ground state? " Clectran umps T,

| yranium must be processed (o produce Uranium cnyj
cnric

CHUL
;N hed jn s

e plants. The processing yields a large quantity of ncarly pure 2
re

o

1 ~depleted uranium™. - Because of its high m: o U as g py. ¢
called "AeP BN mass density, i is wsed in anm Yproduct,
Or'pichinu

U for bombg and

erv shells.

artill
he Jensity of uranium is 18.7x10%kgm™,
4
nyy = 238.050783 1, yHe = 4002603 1, 2Pp = 205.9
(a B 74449 and fe 00005485,
j) Find the length of the side of a 70.0 kg cube of Z*| |
(04 marks)

b The isotope ®*U has a long half-life of 4.47x10° yr . As soon as one nucleus g
. B . . eca E 't
begins 2 relatively rapid series of steps that together constitute the net re y;'
acC
238 - 8(3He) + 6(_9€) + *35Pb + Q,o,. Calculate the net energy released in ;E"
decay process (Qner). (04 ma kst):
r

¢) Argue and show that a radioactive sample with decay rate R and decay energy O has
power output P="0R: )

(04 marks)
d) Consider an artillery shell with a jacket of 70.0 kg of ®*U . Find its power output due to
the radioactivity of the uranium and its daughters. Assume that the shell is old enough

that the daughters have reached steady-state values. Express the power in joules per
year. (09 marks)

e) A l7-year-old soldier of mass 70.0 kg works in an arsenal where many such artillery
shells are stored. Assume that his radiation exposure is limited to absorbing 45.5 mJ per

year per kilogram of body mass. Find the net rate at which he can absorb energy of

radiation, in joules per year, (04 marks)

© 8 The muon is an unstable particle that spontaneously decays into an electron and two

neutrinos. If the number of muons at / = 0 is N, the number N at time / is given by
Vi
N = Noe T where T=220 us is the mean lifetime of the muon. Suppose the muons

move at speed 0.95¢ with respect to an observer.

() What is the observed lifetime of the muons by the observer? (05 marks)

() How many muons remain after traveling a distance of 3.0 km in the rest frame of

the muons? (06 farks)



ider a particle traveling in the x-direction at velocity |, With o,
. Consider a ]
b (D

Cet tn
inertial reference frame S, Frame 8 moves along the X-axis g "eloc,(y \"/:;1
!
respect 10 S.

Write down velocity transformation equations, (06 -
(i) A stationary observer on Earth obscrves spaceships A and B, which are Moy K
in the same direction towards the Earth. Spaceship A has Specd 05, a”'a’
spaceship B has speed 0.8¢. Caleulate the velocity ()fspaccship A ag Measu ::J
an observer at rest in spaceship B. (08 Marg,

a)  The total energy of a particle with speed u is given by ymc’, where y=\l

»ang
[~ u?
v

al energy of the particle is the SUM of fhe
energy, mc?. The relativistic momentum of

m is the rest mass of the particle. This tot

particle’s Kkinetic energy and the rest
particle is ymu .

i Write a simple expression for the kinetic ener of the particle in terms of
p p gy p the

given quantities.

(i) How fast does the particle need to move for its kjj

of the total energy?

(05 marks)
(iii)  What is the momentum of the particle when i IS moving at the speed calculated
in a) (ii) ? (04 marks)

b)

give the tortoise a chance by
. A : aKes
as shown in the figure below. The race tak

. animals
1 respect to the ground, finds that both amm

nish lines at the same time. The tr
tortoise are shown on the space-tj

i i . w and the
cross their respective fj ajectories of the hare and t

me dj

agram. Answer the following questions.
(i) At which of the points wbeled

At

. ) s foes the

hrough G in (he space-time diagram ¢ \
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hare cross its finjsh line? (03 m

o . 3 ;1l'kS)
(i) At which poInt does the torojse Cross its finish line? (03 m

i) At which point is the
Jrame?
(V) At which point is the hare ,
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