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Wwiite down the first law of thermodynamics descrdung ooh o
One mole of an ideal gas {y = 3/2) s capable of executitg & oyt
(he P-V diagram shown below.
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(i) 1f the above cyclic process consists of adiabatic, isothermal, nohers. = o ashong
Processes, identify cach process. (04 waar k)
(if) !f the temperature al the state A is T K, calculate prossure sas tempershure o slaie O
and C in terms of P, and T Show (hat the pressure and the Lempersiuss s state D
(B4 marks’

given b P and —— respectivel
y 3y 3 y-1 ‘ y

(i) Show that the work done by the gas during the ©yclie prosess i giveon by

W = RTIn2 4 *:fi ¢ ,“—, (1-3""
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changes its state from state A
)
P,y

When an ideal pas
) isothermally and adiabatically, the work done by '
e
I

(Hint:

B(P2 Va: T2 ) 1Ty,
(v L p vy = P, respecii bs 12 @ W,
Wy = nRT In (;—}:) and Wan =725 [P, V2 PyVy ] respectively, Here, , s Bivey, |
3 f.,./,‘y Y
iv) Using the result in part (iii) to show that 7 4,, &
",
)

(
w = RT (In2 = 24 %)
(v) IfT= 300 K, find the work don¢ by the gas during the cyclic process (03 Magy
(viy IfT~ 300 K, calculate the heat absorbed by the system during the ,v" (0 X
8 the isotheryy, Mapy,
al p""w )
02 "‘ir'L'i‘J

02. a) Briefly explain the physicnl meaning of the sccond law of thermodynamic
. g 5.

b) Define the efficiency (M) of an cngin¢ and the coefficient of perform 02 Mary,

ance (K) o

) of,

i Marks,

refrigerator.
not cycle ina T-S diagram. Using the T-S diagram, obtain a
’ n cxpfcg' .
5107 r';'

¢) Indicate a Car
(05
mm”

the efficiency of the Carnot cycle.
ble engine (RE) and an irreversible engine (IE) operati
in
g among u.‘_,c!

d) Figureshowsa reversi
reservoirs A, B and C.
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(i) If the efficiencies of both engines are identical compare the temperatu
res of th
(02 marks

reservoirs A and B.
(ii) If the temperatures of the reservoirs A and C are increased by 10 K, explai
) p am “'h':[}."

the efficiency of the reversible en i i
gine would b

remained the same. e
El‘ll) ;,f t:e efficiency of the reversible engine is 45%, calculate T, :?; =
iv i \ ’
) " lth coclf]'ﬁcmnl of' performance of a hypothetical reversible refrigerator omraartk'
cen the reservoirs A and B to cool the reservoir A is 2.5, calculate T, o

(03 mar}

(v) If Wgi: = 450 and Wi = 495 J, calculate Qi, Qz, Qs and Q. (04 mari
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wi the Maswel)!
_ write swell's equatione N ey,
Al

Yynamics
) Using those equations de
Al

nve the firey v second 7

(04 marky,
¢) A mast of tiquid Ether at 20 ¢ S adiabaticaly

ds COvations (10 marks) a2
Y L, A by e sitest tha M tacasss
. | . feasing thy fes ‘¢
by 10° N Using the Tas CQUANONS, Calcilate 1hye
[The density of Ether at 209C 4 N %10 kgm ?

1 2392 x 10Y Dkp 'K !

1ise ey " ratine of i b thoes

Grecin heat of § A R T T T T —
and the volume CXPANGAON Cove [y s |
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1) marka,

<

o4 9 Denive the Clausius Clapeyron's equation, .

(40 markay,

b‘ lJS‘ng ‘hc C‘aU5\uS Clnpcyl““‘s cq“ﬂ“(\n. dl‘(“'\\ "GC "‘;}l'l‘cll g ol ¢
boiling pomts of matenals with pressure.

¢) Calculate the total enerpy required 1o completely evapor

ale 1 hg of water ~
Hantana. Assume that the pressure at Hantana is 0.9¢

® 25%
alm.
Specific volume of steam = ].68 mkg"!
Latent heat of vaporization of water = 2.27 x 10¢ Jkg!
Specific heat of water = 4200 Jkg 'K
(08 marks)

05. A cart of mass M is attached to two identical springs of spring constant k and the i

¢ other ends of
the springs are attached to walls as shown in the figure. This cart 1s free 1o slidz o ng a honzonta
fricuonless rail. A pendulum of length / and mass m hangs from the cant
M
k A

\

m

H » evustem \
a) What is/are the generalized coordinate(s) of the system? (04 marks)
i ; 06 marks)
b) Write down the Lagrangian for the system. \
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¢) Determine the cquation(s) o' motion for the system.

(OK u,."!
d) If the springs are removed from the system and the cart is free to move slong th r0) d
Mealy

find the period of oscillations of the pendulum assuming it underpocs small oo latie
a4y,

(7 ""”h,

06. a) Considera particle of mass m subject to n central force only described by the poten g Vir,

(1) Derive the equations of motion for the particle, (06 mury,
.. . . . ]
(11) - Show that the angular momentum (1) of the particle is a constant of motion

(02 mart "
(1) Show that the total cnergy of the particle is given by £ = -;-mf’ + V.

'2
where, Vosp = s+ V(r). (03 mark;
Y Doart (1 dr\2 _ 2mE 1 2mv(r)
(V) Derive the equation (;; Z)—) ke g Rt (05 mark,

3) Consider the particle mentioned in part (a) is subject to a potential V(r) = gr?.

(1) Show that the equation in part (a) (iv) is reduced to

1dy)? _ 2mEy 2 2mp ' :
(;E Tz Y T with the change of variables y = 3
(04 mark
() Using the definition z = y — ™E . show that z = B Cos[2(8 .

E— 12 , Show that z = os[ ( _80)1 is the sobutic

2 2
where, B = m_E) (1 _ ey

12 mEZ

. 1 _ =172
(Hint: [ 74z = Cos 1(;) + constant ) (05 mark
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