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SOLUTION Date 08-09-2019

[PHYSICS]

() V=V,(1+71A6)
= Ly(1+ 0y A0) L5 (1 + 0,,A0)>
= L (1+ 04 A0) (1 + 0, A6)>
Since Ly=Vyand =V
Hence 1+9A0 =(1+0yA0)(1+ 0,A8)>
= (1+ oy AQ)(1 + 20,A0)

Z(1+ Al +2a,A6)
= y=04+20,

(a) As the coefficient of thermal expansiop of the brass is
greater than steel. Hence, the length of brass strip will
be more than steel strip. Therefore, brass strip will be
on convex side.

(b) As; di=aldl .. 2jl—_adeT

2 1/2
In2= aT— s T= [M}
2 a
(c) Strain developed:
e=aAT =(12x107%)(50)=6x107*

Strain will be negative, as the rod is in a compressed
state.

(a) For distance between A4 and F to remain constant, ex-
tension in CD = extension in 4B + extension in EF

h_o

. or =
L, 2o
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6.

7.

(¢) Strain (€)= ATI =oc AT =(107)(200) =2 x 107>
Stress = Y (strain)
Stress =10'!x 2 %107 =2 x10® N/m?
=  Required force = stress X Area
=(2x10%)(2x107%)=2x10°=400 N

Mass to be attached = 400 =40kg
g

(b) The change in length of rod due to increase in tem-
perature in absence of walls is ‘

Al =l AT =1000 % 10 x 20 mm
=2mm
But the rod can expand upto 1001 mm only.
At that temperature its natural length is = 1002 mm.
compression = lmm
mechanical stress
Al 1

=y =22 210" x —— =108 N/m?
1l 1000

(a) Given, decrease in temperature
(At)=57-37=20°C
Coefficient of cubical expansion of copper
ey =300, =5.1x107/°C

Let initial volume of the cavity be ¥ and its volume
increases by AV due to increase in temperature.

AV =yAt

AV
= —=vYAt
y 7

Thermal stress produced = B X Volumetric strain

=BxA—VV—=B><yAt

=140 x10°x (1.5 x 107 x 20) = 42 x 10° N/m?

This is about 10° times of atmospheric pressure.
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9.

(c) Ice (0°C) converts into steam (100°C) in following
three steps.

Steram at 100°C

Total heat required 0= Q, + O, + O,
=5x80+5x1x(100—-0)+ 5 x 540 =3600 cal

10. (¢) Q,=10x1x10=100 cal
0,=10x0.5(0—-(-20)) +10x 80
= (100 + 800) cal =900 cal.

As 0, < 0,, so ice will not.completely melt and final
temperature = 0°C.

As heat given by water in cooling up to 0°C is only
just sufficient to increase the temperature of ice from

1

11. (@ wW=J9= %[EMVZ) = J(m.c.A8)

= % x 1% (50)% = 4.2[200 x 0.105 x A8]
= A9=17.1°C

. 3
12. ) MyCy _ (4/3)”rijcA =(’”_A] PsCa

mgcp  (43)mrappepy \73) Pacs

m_(lfxzx(l)_i
mgcy \2) 1 \3) 12

13. (@) (i) Thermal energy
(0] 300

TC=mc=—= =15J/°C
AT 45-25
(ii) Specific heat is nothing but thermal capacity per
unit mass

c="_ D ___g005xgoc
m 25x10
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14.

15.

16.

(a)

©

If heat is supplied at constant rate P, then Q = PAT
and as during change of state Q = mL, so, mL = PAt

. P
e, L= |:—] At= Ll (Iength of line 4B)
m m

HenceL,>L,

i.e., the ratio of latent heat of fusion of the two sub-
stances are in the ratio 3 : 4.

In the portion OA4 the substance is in solid state and its
temperature is changing.

AQ = mCAT and AQ = PAt

So £—iorsbo e—i—[asAT—slo e]
’ At mC p—mS_ At P

Hence C, < C, .

X gm ice convert into x gm water

i——x=1$x=£=9
0.9 0.1

0 =9x80="720 cal

Water of mass m; = 0.150 kg is taken in the calorim-
eter at temperature 7; = 25°C is mixed with N an-
other known mass of pure water m, = 0.400 kg at a
temperature T, = 30°C and final temperature is found
to be T=27°C. Let s,, and W be the heat capacity of
water and the water equivalent of the calorimeter.

Heat gained by (water + calorimeter) at temperature
T, = Heat lost by water at temperature 7,

ie, ms,(T-T)+Ws, (T —T)=mys, (T,—T)

-T
or W=m2-(T2 )—ml
-4

30°C-27°C

Hence, W =0.400 kg| —————
27°C-25°C

]—0.150 kg

=0.450kg
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17. (a) Let ‘m’ g be the required mass of water.
Then heat lost by hot water

Qlost = (mg ) (1

cal
g-°C
Heat gained by the calorimeter

390 cal
4.2x10° g-°C

)(50 —40)°C

o= [(1500 g)(

Heat gained by the water present in it

0,= [(200 g)(lc—alﬂ(m —25)°C

g-°C

Total heat gained by the calorimeter and the water

present in it

anin = Ql + Q2

From principle of calorimetry,

heat lost by hot body = heat gained by cold body

So, equating Egs. (i) and (ii), and solving for m, we

get
m=508.93 g

@

ﬂ (40— 25)°C

(i)

18. (c¢) Rate of flow of heat fldg or H is equal throughout the

rod,
Temperature difference is given by
T.D. = (H) (Thermal Resistance)
"or  T.D. e Thermal Resistance R

where R=—l—— or Roci
KA A

Area across CD is less. Therefore, T.D. across CD

will be more.

19. (d) By symmetry
Lyp=Ipcand Iy =1Ipc
No current in BO and OD
Tp=To=Tp

20. (c) Initially effective resistance = 2R. In parallel effective

. R
resistance = 2 It has reduced by a factor of 1/4 so

rate of heat transfer would be increased by a factor of

4, keeping other parameters same.
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dQ _KAAT AT _ 10

21. (¢) =——=—J/sec.
a2 2 120 ¢
K4
New rate Q = £ = ﬂJ/sec.;
dt / 120
2KA

So time taken is 7 = E X120 sec.= 60 sec.

40
R R
R P
\}vf;/

22. (b) In steady state A0 _AQ
! layer1 At layer4
0.06 X 4X(30-25) 0.10x AXAT
1.5%x1072 3.5%x1072
= AT =7°C

T,=(~10+7)°C =-3°C

23. (a) Area under given curve represents emissive power

and emissive power o< 7% = 4 o T*

4 T @B+ _(600)4_1_6_
4 1 @nB+214 \300) 1

24.  (d) Absolute temperatures of the black body correspond-
ing to curve P and Q are in the inverse ratio of 4,
(Wein’s displacement law).

T, _ 1987
T, 2980

Area under curves represent the total power radiated
by a body and is proportional to the fourth power of
absolute temperature (Stefan’s law)

4 _(Tp)'_16
4 \T,) 81

25. (d) From Wien’s law, A,,T= constant, where T is the tem-
perature of black body and A, is the wavelength cor-
responding to maximum energy of emission. Energy
distribution of black body radian is given below:

(i) U, and U, are not zero because a black emits
nearly radiations of all wavelengths.

(if) Since U, corresponding to lower wavelength,
U; corresponds to higher wavelength and U,
corresponds to medium wave length, hence U,
>U,.
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26. . (¢) According to Stefan-Boltzmann law, the energy radi-
ated per second through the surface of area 4 is given
by

E=cAT*
E _4(5Y
E2 A2 T2

2 4
or 10000:“—2(@9)
r2 \ 6000

2
or ﬁz— = (30)4,
n
or r:r,=900:1

27. () MTy =47,
M L _026_,
A T 015
T,=2T,
By Stefan’s law, emissive power E = oT"
E =0T, E,=oT}
VEl _of' _ Rt 1
E, ofy Q) 16

28. (a) By Stefan’s law, Rate of cooling, H o< (T 4 T04) )
H _(900)*-(300)* 9*-3* 3*3*-1)
H  (600)*-(300)* 6*-3* 3**-1
16

H'=—H
3

o~

29. (b) According to Wien’s law, 4,,< %

3. 2
When temperature becomes — times A,, becomes =
times 2 3

30. () AT,=b
P=CT}
nﬂ.0~£=b
n
or M =b
So, T,=Tyn
P=CT;! = C(Ty/n)* = PIn*
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31

32.
33.

34.

35.

36.

37.
38.
39.

40.
41.

42.
43.
44,
45,
46.
47.
48.

49.
50.

51.
52.
53.
54.

55.
56.
57.
58.

[CHEMISTRY]

MnO? +8H" +5e~ — Mn*" +4H,0] x 3
C,05 — 2CO, +2e”

X
Fe* »>Fe® +e

3MNnO? +5[C,0% +Fe?]+24H" — 10CO, +5Fe® +12H,0
5Fe,C,0, = 3MnO3"

1Fe,C,0, = gMnoi’ =0.6 MnO;"

Higher the oxidation number of central aotm in oxoacid, higher is the acidic character.

HIO, H,IO, H,IO,
1+x-8=0 3+x-10=0 5+x-12=0
X=+7 X=+7 X=+7

Oxidation number of Br, (element form) =0
In BrO,~, O.N. of Br + 3(-2) =-1

O.N.of Br=+5
PO, : X+4x(-2)=-3
X=+5
SO% : X+4x(=2)==2
X=+6
Cr,07: 2x+7(-2)=-2
X=+6
H,P,0O,: 4+2x-10=0 =>X=+3
H,P.0,: 4+2x-12=0 =Xx=+4
HP,0,: 4+2x-14=0 =>X=+5

Fluorine is the most electronegative element. If never shows +ve oxidation state.

Lower the reduction potential, better the reducing power. Hence, the correct choice is ‘d’

© D O

3Cl, + 60H — 5CI" + CIO,” + 3H,0
Higher the reduction potential easier to gain electrons.
Lower the reduction potential easier the loss of electrons.
FeCl, and SnCl, do not react as both are reducing agents.

In SO,*, Sis already in its highest oxidation state + 6

Calculations are done separately for N atom inNH,* and NO,".

In C,0;", C-atom has O.N. +3.In CO,, C-atom has O.N. +4. Hence, C,05 is reducing agent

In NH_-NH,, N-atom is in —2 oxidation state. 5 electrons are lost per atom.
Nz — 5e™ + N*
-2==-5+x =>x=+3

In this question, reduction potentials are int he order Li < Ba < Mg. Hence, the order of reducing power is
Li > Ba > Mg.

Higher the reduction potential, easier is the gain of electrons.
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[

6z,

64,

65,
66.

67.

[MATHEMATICS]

{(a) Required R S—

Ja2)t +52 13

(e) Let p be the length of the perpendicular from the vertex (2, -1} to the base x +y=2.

Then po|221=2]_ L
Dtz 2
IF*d" be the length of the side of triangle, then p = asin 60" = Lo ﬁ =a= 2 .
J2oo2 3
1 2 -9
{a) The three lines are concurrent. if |3 5 =5|=10
a b -1

= 35a-21b+1=0
which is true if the line 35x — 22y + 1 =0 passes through (a b).

{¢) Here O is the point (0,0). The line 2x + 3y =12 meets the y-axis at B and so B is the paint (0.4). The equation of
any line perpendicular to the line 2x + 3y =12 and passes through (5. 5) 5 3x -2y =5  ..(i)

The line (i) meets the x-axis at C and so co-ordinates of C are [é‘ﬂ} Similarly the coordinates of E are (3, 2) by
solving the line AB and (i). Thus O{o, 0), C[% ,0], E(3,2) and B (0, 4). Now the area of figure OCER = area of

AQCE + area of AOEE =%xq. units,

(b) After first transformation, the point will be {1, 4) and therefore, final point is (1 + 2,4)=(3,4) .
(b) Suppose we rotate the coordinate axes in the anti clockwise direction through an angle & . The equation of the line L
with respect to old axes is L +% =1. In this question replacing x by rcosa —ysing and y by xsing +ycosa,
i@
XCOSa — ¥ sina + xsing +yoosa _
a b
. x[:osa+ sma]_'.y[msa_sma]ﬂ i)
a b b a
The intercepts made by (i) on the co-ordinate axes are given as p and gq.

I cosa  sing | coso  singa
Therefore — = +—and — =
Iy

the equation of the line with respect to new axes is

a b q b a

Squaring and adding, we get L!+L2=L:+L_“
poq e b

(a) Let (e b) be the reflection of P(4,<13) in the line 5x+y+6=10.

Then the mid-point R[‘T;“%] lieson Sx+y+6=0.

. 5[a+4]+ b-13 +h=0=S5a+b+19=0 -{i}

2 2
Alsa PO is perpendicular to Sx+yp+6=0.
Therefore 2213 x[—%]=—1 = a=-5b-69 =0 ...(ii)
a-

Solving (i) and (i), we get a==I, b==14.
(d) Two sides x =3y =0and 3x +y = 0 of the given triangle are perpendicular to each other. Therefore its orthocentre
is the point of intersection of x =3y =0 and 3x+y =0 ie (0, 0). Clearly (0,0) satisfies Jx -4y =0.
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69. [a)

70. (a)

73 (b)

ﬂ=%{2 sin .2 cos @)= sin 2o

h=12k-13
V25 + 144
Replace (b k) by (x,y), we get
13x% £ 13y7 =831 + 64y + 182 = 0, which is the required equation of the locus of the point.
3x, +4y, -11 __(12.1'. + 5y, +2]
5 13
Since the given lines are on opposite sides with respect to origin, hence the required locus is 99y + 77y - 133 =0

=37 +k+27* =

Let point be {x,,¥, ), then according to the condition

Required locus of the point (x,v) is thecurve | x| #| ¥|=1. IF the point lies in the first quadrant, then
x>0,p>0 and so | x| +| ¥|=1 = x +y =1, which is straight line AR If the point (x y)lies in second gquadrant

then x <0, y>0 andso | x| +| ¥|=1 = —x+y=1

¥

B] (04)

CY /,1

p| (o=1)

Similarly for third and fourth quadrant, the equations are =x =y =l and ¥ =y =1.
Hence the required locus is the curve consisting of the sides of the square ABCD.

The equation of a line passing through the intersection of straight lines -£-+-;—;— =1 and =+&=1is
[ [

[
[1+i—q+{i+£—q=ﬂ
a  fi i o

or I[i:+%]+_r[%+§]-l-l=ﬂ

This meets the axes at

A+l A+l
A ﬁ'{] am:l 3 {].ﬁ .

+ +
a f g
Let (f, k) be the mid point of AB,

then .l.'r=%. At L A+l

T A0 21 4

L —

a fF a

Eliminating A from these two, we get
2hkia + By =afiih + k).

. The locus of (I k)is 2xyvia + ) = afi(x +y).

Salving; locus of point (x,¥) s 6x+p-32=0,
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74. (b) Equation of line passing through point (1, 1) is,

(€)

(a)

(d)

p=1l=mix-1) P

Line (i) meets x-axis, so y =10

- -—]=x-] =X =1-L
m m

Line (i) meets y-axis, so x =0
y=l==m=y=l=m

Let mid point of AB be (b, K,

Then h = 0+ -l ””}}:k _ 0 +|j]2-m}

=—m=1-2k
1-2k

m

1

=2k =
1=-2h

= 1 =2k-2h+4hk =1 = =2h=-2k+4hk =0
Hence the Locus of mid pointis, x +y = 2xy = 0.

According to question , xl=i3+x=>x=3x. -6
5-11+
» =Ty=y=3y.+6

O3k, —6)+ T3y, +6)+4 =0

Hence locus s 27x + 21y -8 =0, which is parallel to 9x+7y+4 = 0.

z 2 p
—6.Iﬂk+”'1'3| nﬁ[ﬂ} +1l]{l] nk(lj =0
4 2 2 2

38 _ A5 s,
4
Here iy t%

Also, given that 4ab = 36°. Now we have to find

therefore with the help of (i) and (ii), we get

(o, — s} = 4h* —dab _ AW =30 W
P B FE b2
h

= my=my ==

o=

Now on solving (i) and (iii), we get

and m, = 3h
b 2

Sempima=1:3.

(d) If it represents two coincident straight lines, then the condition #* -ab=0 should

(c)

apply as angle between them would be zero. Hence #¥ -4 =00r h=4%2.
(a) Equation is 2x —xy -6y +Tx + 21y =15 =0

Therefore, equation of lines parallel to given lines and passes through origin is

homogeneous 2 degree equation i.e., 2x' —xy -6y" =0,
Here equation is 2x’ +4xy - py* +d4x+qr+1=0.
The lines are perpendicular, if a+b6=0

=2=p=0=p=1
and it will represent two lines, if
abe s 2fgh—af® —bg —ch® =0

2
= 2-2)1)+2 [%][zuz;— z[%] +2027 — 12 =0

:»qz -8g=0=g=0 Or8,
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8. (b) m =3 m,= -% . Hence, the lines are y = 3.,y = _%x .
Multiplying both the lines, we get
(r=3x)3y+x)=0=33x" +8xp -3’ = 0.

sz (b) The equation of lines represented by the equation 3x’ -8xy+5y =0 are 3x-5y=0
and x-y=0.Therefore, equation of lines passing through (1,2) and perpendicular
to given lines are x+y-3=0 and 5x+3y-11=0.

a3 (a) Applying the condition, 4i4° = ab(l + Ay
Here i-=2, therefore

2
nn[g =1x21+2F = h*=0=h=43.

£

[a] tan e tan f =mm, =

= -1
~3 | =

8s. (c) We know that m, -m, = ‘J{m, +my ) —dmm,

| 2tan 9]2_4 sec” @ —sin @
sin’ @ sin” @

2
=J4‘_‘": O _ d(sec? Gcosec?0-1)=2.
sin” &

8s. (d) Given two lines are x-6y=0 and x-y=0.

We kII.OW [}+I|+A‘l -1 Al0,0]
3
=x+x=3 ...l -6y=0 x-y=0
and ¥ +y; =0 [ll]
Also v, -6y, =0 .,.,:[111] _— Q)
X, -y, =0 S
[Since the point (x,y1) and (x.,y,)lies on the lines AB and AC respectively]|

Now on solving, the coordinates of B and C are [%%]and [-'?3'?“1’-] respectively.

Hence the equation of third side i.e.,, BCis 2x-7y-3=0.
87. [d] ", = tan o and m, = tan §

I 1
=cote=—and cot f=—
ty "y
2 2 1 1 mimi
Hence, cot*a+cot’ f=—+—= 2
my  my  (mymg )

_lmy emy P -2mm, (@3 -22)_5

27 4

{mﬁ":}
2tan 4 _

-1
=tan A =-2= 44 = tan "' (-2}

4

88, (d) m,+m,=

z
' Di _, (g —ae _ 4-1 _
89. (c) Distance lJa(“b} EJ]“ 3 2

go. [c) Applying the formula, the distance between them is

.-.H;|=3=-k=ﬂ~"§.

5 *ia)-0f | &
Li+4) | |JSs]°
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