CLASS: CC (ADVANCED) THERMAL EXPANSION HEAT TRANSFER & CALORIMETRY

TEST - 16

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

[SINGLE CORRECT CHOICE TYPE]

A long, thin metal bar of length ¢ isclamped rigidly at itsends at temperaturet,. When thetemperature
tisincreased, theexpanding bar will bow out, asshown below. If thebowing innot toolarge, afair first
approximation to the shape of thebar istwo equa straight segmentsintheformof awideV. Whatisthe
arch 6 of thebow asafunction of t? (Thisisthe distance between the corner of theV and thestraight line
that representstheform of thebar at t,,.) [3]

)
|

(A%) 8= (£/2) 20(t—tg) (B) &= (4) Ja(t—to)
(C) & = (¢/2) Jo(t—tg) (D) 8= (¢) 2a(t—to)

Water isboilinginalargevessal asshowninfigure. If another vessel
containing water isdippedin thebigger vessel asshown. Choose correct

optionsfor water insmaller vessel [3]
(A*) will not boil (B) will boil below 100°C
(C) will boil above 100°C (D) will boil at 100°C

‘Gulab Jamuns' (assumed to be spherical) areto be heated inan oven. They areavailableintwo sizes,
onetwicebigger (inradius) than the other. Pizzas (assumed to be discs) are d so to be heated in oven.
They arealsointwo sizes, onetwicebig (inradius) than the other. All four are put together to be heated
to oventemperature. Choose the correct option from thefollowing: [3]
(A) Bothsizegulab jamunswill get heated inthe sametime.

(B*) Smaller gulabjamunsare heated before bigger ones.

(C) Smaller pizzasare heated before bigger ones.

(D) Bigger pizzasare heated before sma ler ones.

Threerodsof identical cross-section areaand madefrom the samematerial formthesdesof anisosceles

triangle ABC, right angled at B. The pointsA and C are maintained at temperatures T and /2 T
respectively. Inthe steady state, thetemperature of thepoint B isT . Assuming that only heat conduction

takesplace, theratio Ty /T isequal to: [3]
2
™ 75 (B%) % © V2-1 (D) v2+1

Inacontainer of negligible heat capacity 100 gmof aliquid at 20°C isheated. Specific heat of theliquid
varieswith temperaturegiven ass= (100T + 500) Jkg/°C, where T isin °C. Find the amount of heat
required to raisethetemperature of theliquidto 40°C. [3]
(A) 5000J (B) 6000J (C*) 7000J (D) 8000J

Thetemperature of abody fallsfrom 52°C to 36°C in 10 minuteswhen placed in a surrounding of
constant temperature 20°C. What will bethetemperature of thebody after another 10 min. (UseNewton's
law of cooling) [3]
(A*)28°C (B) 20°C (C) 32°C (D) 24°C
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Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

What isthetemperature T' at the interfaceif heat conductivity of first slab of length* ¢’ is K, and
is uniform every where but the conductivity of second slab of length ‘ 2¢’ varieswith the distance

X
‘X" measured from the interface accordingtothelaw K=K (1+ Zj . Thetemperature at the

boundries of the compositeslabare 2T and T, [3]
2T, T T
Ko K:KD(1+%)
4 20
. [2n2+1 . 2/n3+1
A) = Tn2+1 ) To BIT={"n3+1) To

L /n3+1 . 4/n3+1
©T=12m3s1) o O)T" =311 ) To

Theyoung'smodulus, E, of amaterial measureshow iff itis; thelarger thevaueof Ethemorestiff the
materia. Consider asolid, rectangular steel beamwhichisanchored horizontdly tothewall at oneend
and allowed to deflect under itsown weight. The beam haslength L, vertical thicknessh, widthw, mass
density p and Young'smodulus E; the accel eration dueto gravity isg. What isthe distance through
which the other end moves? (Hint : you are expected to sol vethisproblem by eiminating implausible

answers. Also notethat all the optionsaredimensionally correct.) [3]
gh? 3 pgL? EL
(A 272 (B) J2Lh b= ©) V345

Theratesof heat radiation from two patchesof skineach of areaS, onapatient's chest differ by 2%. If
the patch of thelower temperatureisat 300 K and the emissivity of body the patchesisassumed to be

unity, thetemperature of the other patchisclosestto: [3]
(A*) 301.5K (B) 306 K (C) 308.5K (D) 312K

Thesolar constant of earthis2 cal/min-cm?. If distance of mercury planet from sunis0.4 timesthe
distance of earth from the sun, then solar constant of mercury planet will be: [3]
(A*) 12.5 cal/min-cn?? (B) 25 cal/min-cm?

(C) 0.32 ca/min—cn? (D) 2 cal/min—cm?

A solid body of linear expansion coefficient 2 x 10-° (°C) floatsin aliquid with 20% of itsvolumeout
of theliquid at atemperature 20°C. Thevolumetric expansion coefficient of liquid is3timesthat of the
solid body'svolumetric expansion coefficient. If thetemperatureisincreasedto 70 °C, thenew fraction

of thebody'svolume out of theliquid will be approximately [3]
(A) 19.7% (B) 20.1% (C*) 19.5% (D) 20.7%

1 g of steam at 100°C and an equal mass of iceat 0°C are mixed. Thetemperature of the mixturein
steady statewill be: [Latent heat of steam =540 cal g~ and latent heat of ice= 80 cal/g] [3]
(A)50°C (B*) 100°C (C)67°C (D) Noneof these
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Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Twothinwalled spheresof different materids, onewith doublethe radiusand one-fourth wall thickness
of theother, arefilled withice. If thetimetaken for complete melting of icein thesphere of larger radius
is25 minutesand that for smaller oneis 16 minutes, theratio of thermal conductivitiesof the materiasof

larger spheretothesmaller sphereis [3]
(A)4:5 (B)25:1 (©1:25 (D*)8:25
Twelve conducting rodsformtheridersof auniformcubeof sde'l'. Ifin F G oc
steady state, B and H ends of therod areat 100°C and 0°C. Find the E I
temperature of thejunction'A'". [3] 100°C | .
(A)80°C (B*) 60°C (C) 40°C (D) 70°C

A D

When abody is placed in surroundings at a constant temperature of 20°C, and heated by a 10-W
heater, itstemperature remains constant at 40°C. If thetemperature of the body isnow raised from
20°Cto80° in5 minutesat auniformrate, thetotal heat it will loseto the surroundingswill be  [3]
(A) 3000J (B) 3600J (C*)4500J (D) 5400J

[PARAGRAPH TYPE]
Par agraph for question nos. 16to 17
Thefigure showsacross section of adoubleglassunit and agraph of thetemperaturesat different points
withintheunit. Thetemperaturedifference acrossthe unitis 13K. It hasacross sectional areaof 1.3 m?
and therate of heat flow throughitis65W. Thetemperature distance graph doesnot changewith time.
Glasshasathermal conductivity of 1W/mk.

temp. 4
] ] (inK)
T+13
ar ar ar
la la ! >
giass giass 0 4 22 26
distance (in mm)
Select the correct statement [3]

(A) Theunitisinsteady stateand inthermal equilibrium

(B*) Theunitisinsteady state but not in thermal equilibrium
(C) Theunitisnot in steady state but isinthermal equilibrium
(D) Theunitisneither in steady statenor inthermal equilibrium

Thetherma conductivity of airis [3]

1 1 1 1
(A) 75 Wimk (B) 75 Wimk (C*) 75 Wimk (D) 75 Wimk

[MULTIPLE CORRECT CHOICE TYPE]

A hollow copper sphere & ahollow copper cube, of same surfacearea& negligiblethickness, arefilled
withwarmwater of sametemperatureand placed in an enclosure of constant temperature, afew degrees
bel ow that of the bodies. Theninthe beginning [4]
(A) therate of energy lost by the sphereisgreater than that by the cube

(B*) therate of energy lost by thetwo are equal

(C) therate of energy lost by the sphereislessthan that by the cube

(D*) therate of fall of temperaturefor sphereislessthan that for the cube.
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Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Tworodsof different material having coefficientsof linear expansion o, and a., and Young'smodulus
Y, andY , respectively arefixed betweentworigidwalls. Therods are heated to sametemperature. |f
a, o, 2:3andthethermal stressintwo rodsaresame, thentheratioY /Y, is [4]
(A) 2/3 B)1/1 (C*)3/2 (D) 4/9

Two thermometers, one contai ning mercury and another spirit read sametemperature. The mercury
thermometer hasalower emissivity than spirit thermometer. Both havethe sameareaand heat capacity.
If both arebrought in bright sun. [4]
(A) Thetemperaturerisesat equal ratein both.

(B*) Thetemperaturerisesat higher ratein spirit thermometer.

(C*) Final steady statetemperaturewill bethe samein both.

(D) Fina steady statetemperature will behigher in spirit thermometer.

A black body emitsradiation at therate PwhenitstemperatureisT. At thistemperature thewavelength
of peak intensity isA. If itstemperature becomes T' such that wavel ength of peak intensity isA/4. The
rate of radiationisP. [4]
(A*)P'T'=1024PT (B*)T'=4T (C*)P'=256P (D)P'T'=4PT

A uniformcylinder of stedl of massM, radius Ris placed onfrictionlessbearings and set to rotate about
itsaxiswith angular velocity . After the cylinder hasreached the specified sate of rotation, itisheated

Al
fromtemperature T to (T, + AT) without any mechanical contact . If T isthefractional changein

A®
moment of inertiaof thecylinder and o bethefractiona changeintheangular velocity of thecylinder
0
and o bethe coefficient of linear expansion, then [4]
Al 2AR Al _ 2Aw Ao Al 2AR
x) & = 88 — = x) — = —20AT 2 _eAR
A TR @ (©) o, (D) ==

Consider the shown case of afreezing |ake due to negative environmental 0°

o : : : i . —0°C
of e Retoct e bogreter o LS
(A) if environmental temperatureincreases

(B) for larger thicknessof icelayer
(C*) if environmental temperature decreases
(D*) for smaller thicknessof icelayer

A caorimeter of water equivalent 50 g contains 100 g water at 30°C. In each of the situations, select the
option(s) that indicate the correct final temperature, after mixing (in cal orimeter) [4]
(A*) 15gof iceat—20°C; fina temperature 210/11°C

(B*) 5gof steamat 100°C; fina temperature 1540/31°C

(C) 80gof water at 70°C ; final temperature 430/9°C

(D*) 15goficeat 0°C; final temperature20°C
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