Solution
Class 12 - Mathematics
2020-21 paper 5

Part A
1. we have, foc 3dz = %

3(a)y = 3

— o [7/2
=2y

= 2f07r/2 siny dy
([sinydy = cosy+c)
=—2[cos y]z)r/2
=—2[cos G —
= 2 sq. units
The area bounded by the curve y = sin™

We have
K 7'('

Area OAB = [ydz = [sinzdz = |— cosz|
0 0

1

x dy, where y = sin™'x i.e x = siny

cos 0]

1z and the lines x = 0, |y| :g = 2 sq. units

= cos(0 — cosm = 2sq units.
4. Required area = the area of the region enclosed by the lines y=x, x=e, and the curve y = % and the positive x-
axis
=f011 zdz + [ dz
- 5 + 1
= %sq units

5. A function whose anti derivative is 3x2 + 4x°.
d (.3 4\ _ 9.2 3
E("E +x ) = 3z + 4z
Therefore, an anti derivative of 3x% + 4x3 is x° + x*
-3 1
6.I—f72 o dx
= [log (x + M3,
= [log (3 + 7)- log(-2+7)]
=log 10-log 5
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=log 15—0 [[ loga — logb = log %]

=log 2
. We have,
5 5+4 9
5 zitt x4+ +c  Ars
rxidr = +c= = +c,
5 —+ 1 5+4 9
4 4
where c is constant of integration.
. Given:

J(2-5z)(3+2z)(1—z)dz

= [(6 — 11z — 102*)(1 — z)d=

= [(10z® + 2? — 17z + 6)dz
10z* z* 17902

=+ - tbzx+c

4 3
_5_w4+£_17w

+ 62 + c,where c is constant of integration.
3

d’y .
and its power is 2.Therefore,we have,

. In the given equation, the highest-order derivative is — o

order = 3 and degree = 2.
. Given : y = 5% + ge”’X
Then, we have

%=5'£i(”)+6 i (e)

- 7 d
=5.e”. dm(?:z:) 6-6 z-;(—?w)
= 35e7X - 427X
- d el a (-7
=35- (&™) -42- = (e7™)
_ 7.d d
=35-€" - = (Tz)-42-e - - (—Tx)
=7 x 35eX+7 x 427X
=49 X 5e7*+49 x 6e”7X
=495 e’*+ 67
=49y
Henced proved
. Order =2
Degree =1
. In this equation, the highest order derivative is (y").So, its order is 2

It has a term sin y'. so it has not degree.
. It is given that

f 2cosx 2cosz 1.,

3sin’z
We can write it as

I= %fcota: cosect dx
By integrating w.r.t. X
2
I=%(—cosecz)+c
So we get
I= —% cosecxT+c.
2

sin® z _ 1—cos® x

1+cosz - 1+cosz
f (1—cosz)(1+cosz) de
o (1+cosz)

= [( 1—cosm)dx
=x-sinx+C

Thusf sin’ @ da: X - sinx + C

. Given that y = cx +2c2

. — . d
Differentiating with respect to x X

2 = C From equation (i),
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16.

17.

18.

19.

20.

21.

o (2) +2()
(2] +(2) -0

dz
0,y= cx +2 2 is the required solutoin of the given equation.

—+——|— +ys1ny 0

dx3 dx?

In this d1fferent1a1 equation, the order of the highest order derivative is 3 and its power is 1. Therefore ,the

order of the differential equation is 3 and its degree is 1

Hence, It is a non-linear differential equation, as the exponent of the dependent variable is not equal to 1 (by

expanding y. sin y).
Section I

i.(b)‘ji—‘t’:9.8—%

ii. (c) 33 m/sec
iii. (c) S(t) = 98 t + 1080 e10- 1080
iv. (a) 38.6 m/sec

v. (d) 5.98 sec.

i. () 2 = k(200,000 - x)

ii. (c¢) X 1,55,555
iii. (d) X 180,246
iv. (a) 200,000 - 150,000(2)"

v. (b) 2

Section II
LetI = [sin® zdx, then we have
I= [sin*z-sinzdzr
= [ (sin®z) ? sin zdz
=[ (1 — cos? ac) ? sin zdz
= [ (cos*z — 2cos® z + 1) sinzdz
Putting cosx =t
= -sinxdx=dt
= sin x dx = -dt
I=—[(t*—22+1)dt
— [tidt +2 [t2dt — [dt
_t5 2t3

= +t35 —-t+ C

— cos5 x

+ cos3zc—cos:1:+C’[ t =cos x]

LetI—f:l: \/——dx then we have
1= 224/ (a3)? — (¢3)°da
Putting x3 = t

= 3x2dx = dt

:xzdx-—

I1=1 [4/(a®)? — t2dt

{i (a%)® — 2 + ﬂsm_l(a3 )] +C

1
3|2 2

-z -1(z2

=% _|_ ( o ) +C
Here,a=2,b =4 and f (x) = 2%. Therefore, h =
Substituting these values in the equation,

22 o nh=2
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22.

23.

fab f(z)dz = }llm%) h[f(a) + f(a + h) + f(a + 2h) + ....... + f(a + (n - Dh)], we get
—

f4 2%dxr = lim h[f(2) + f(2 + h) + f(2 + 2h) + ...... +f(2 + (n-1Dh)]
2 h—0

4

ﬁfzmd$==1ﬁnh_miz{22—k22+h4—22+2h4—...+—2*H"—Uh}
= J?Tﬂ%thmw4h{1+1%+?h+.”+2m4ﬁ}
490 g — Timy 04k d ZL2 L gy 21
= fQ T = lmh—)O 2h_1 lmh_)[) W
h

= ) 2””’da:—4><< =) = 2% [ nh = 2 and limpo 52 = log?2|

log 2 log 2
,:" Ax
A Ay =9

- f_:: H;“:x -

A b

- [ L
b |:' [-Jli_ i .|..r"|.

\ ki /{,J

Points of intersection of the curve are ( 5 \/i) and (%, — \/5)
The required area is OPAQO and it is symmetrical about x-axis
.". Area OPAQO = 2 area OPA

J2 2 /mde + [ \/mdx}

" 1/2 9 3/2
=2 2[%} —|—2l§ 2 — 22 + Lsin”! <%>}
2 10 2 1/2
1
2

Area = 2

= 5[ - o[+ [GO+ fsin ) - (37 -+ a5
=5 (35) 15 - F -t ()

=g+ e 3]

=(B o)t G

=[P e ()] = (% - e () + 537 sgumits

We have

2a 2a
Area BMNC [ zdy = [ a*/3y*/3dy
0

a? [2.25 — 1] Sq units.
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24. We have, y = ax> + bx? + c...(I)

25.

26.

Differentiating both sides of (i) with respect to x, we get
=% = 3az’ + 2bz ...(0)
Differentiating both sides of (ii) with respect to x, we get
% = 6az + 2b ...(ii)
Bifferentiating both sides of (iii) with respect to x, we get

= ba
da:
Hence, the given function is the solution to the given differential equation.
OR
3
Letl= [ ——2— —dz

(42—61)(179—2)(;—3)
_ 22 —9x+
It e

6c>—11z+6  _
Lt e e 23 o1

:>6X2-11X+6=A(X-2)(X-3)+B(X-l)(x-3)+C(X-2)(X-1)
Putx=1

=1=2A=>A=3

Putx=2

=8=B=B=-8

Putx=3

=27=20=>C=2

Thus,

I=fde+ %[22 g 1 2T [ 42 [pytvalue of AB&C]
—x+—log|x—1| 810g|:1:—2|—|—%10g|m—3|+c
Hence,
I:x+%log|m—1|—810g|ac—2|—|—%log|ac—3|—|—c.

We are given that 3e¥ tan y dx + (1 - e¥) sec? y dy = 0
= 3eX tan y dx + (1 -eX) sec? y dy

1 ez 3¢ de = — tany Y dy [separating variables]
=3 f = -4 sec? ydy [Integrating both sides]
. sec? y
dr = f tany d

= 3log |e*-1| =log |tan |tany| +1log C

x 3
log<|t 1|| ) =log C

z_ 1\3
(e-1) _c

= t
any

= (eX- 1)3 = C tan y, which is required solution of the given differential equation.

. . . L ody 1492
The given differential equation is = = 1t

=1 +x2) dy = (1 +y2) dx

l—i-y2 dy = 1+ 2 d.’l)
= f 1+y? dy =
=tanly=tanlx+tanlC
= tan~1 (T) =tan’l C
y—
= 1+acy =C

= y-x=C(1 + xy), which is the required solution of given differential equation
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1
27. [€* <log:z: + ;) dzx
= [e®logzdr — f;—idx
Taking f1(x) = logx and f,(x) = e* in the first integral and keeping the second integral intact,
[ e logzdr — f;—ida:
=logz [e"dz — [ [%(logac) [ e’”dac] de— [ z—de [INTEGRATION BY PARTS]
=e®logz — [ Sdz - f;—de
= e*logx — [% [fexdx— [ [%(%) [ ede] dx] — [ < dx [INTEGRATION BY PARTS]
=e’logz— <+ [Sde— [Sdz+c

= e (log:v — %) + ¢, where c is the integrating constant

OR
Slope of tangent at point (X, y) = — %
By _ _ =z
dz ~— Y
ydy = -xdx
f ydt = — [adx
TtHE5=a
z? + y =c..(1)
Given, curve is passing through (3,-4), so
(3)° + (—4)*=c
9+16=c
c=25
So, using equation ( 1) and we get required equation of curve.
z?+y? =25
2?2 +y? = 25
28. We have, == = (x + y)?
Letx + y \
— D

:>]'+-dz-_ dz

dy _dv 4

de dm
. dv

'dm-l V

= B o241

dx

Integrating both sides, we get

[t —dv= [dz

=tanlv=x+C

= v=tan X+ C)

= x +y=tan (x + C). Hence It is the required solution of given differential equation.
PartB

29. Let5x + 3= A-L (22 + 42+ 10) + B
=5x+3=A@2x+4)+B
Now, equating the coefficients of x and constant term on both sides, we get,

2A=5

=A=2

4A+B=3

=B=-7

=5z+3=2(2z+4)-7
@m+4

Again,f mf-t:jﬂo _f a:2+4ac+10
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2ac+4 1
2f a:2+4ar:+10 f 22+42+10

Now, let us consider, f f”—*‘ldx
z2+4x+10
Letx2+4x+10=t
= (2x+4)dx=dt
2x+4 _ (4t _ _ 3 '
f w2+4m+10 _ f \/E 2\/% RV + 4z + 10 ...... @)

1

And, Now let us consider, [ —
&£ X

1 g (1
=/ 1:2+4ac+10d$ =/ (Va2 4z +4)+/6 dz
= [—

e

=log|(z + 2)y/2? + 4z + 10| .....({D)

using eq. (i) and (ii), we get,

5z+3 _5 D) B \/2—
= | o de = 2 2V/e? + 4z 4 10] = Tlog(z + 2)/2? + 4z + 10 + C
if 52+3 ————dr =5/z2 + 4+ 10 — 710g|(;13—|—2) $2+4$—|—10|—{—C

\/152+4:t+10
m +1 (:1: +4)
(m +1) (a: +4)
" (2?+3)(z?-5)
Put z? = Yy
(z*+1)(2*+4)  (y+1)(y+4)
Then, a5y —5) — (r+3)u—5)
_ y’+5y+4
y2—2y—15
(y2—2y—15)+(Ty+19)
y2—2y—15
Ty+19
y2—2y—15
Ty-+19 .
vow 50
Using partial fractions,
_ Tt 4 B
(y+3)(y—5) = y+3 = y—b
= Ty+19= A(y—5)+ By + 3)

Consider

=1+
=1+

Putting y = 5,
=35+19=8B= B = %4: %7
Puttingy = -3
—21419=-84=A= (:_3 ~1
19 1 g a1 )
Thus, (y+3)y—3) 4 (y+3) +3 —(y75)...(11)

From Equations (i) and (i),

I=1+ s =1+ (yizﬁﬂwim

- ((””—ig((w—f;‘)) =4 (y+3) g =ty et =y
Now I = [ (14§ ool + F ity )
SioeLiabe il

_“vta‘l (?)
Og‘m-&—a‘—{_c}

—a;—i—Ftan 1(%) 8\/_

‘+C[ f de_ %tan (£)+C’andf de_

4 2\/' +f

5
5)Jrc
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31. LetI = [

32.

m dx. Then,

_ f T +a:+2a: 1dX

( (33—1—1)
z(rx+1)+2x—1
f—

(z+1)?
rtl) o 221
=/ w+1 f( 1)2d:1:
4 o[22,

dx

mH (2(+£r)1) 3
r+1— 1 T
=I5 z+1 +J (z+1)° dx

z+1
T dx fmﬂd +f m m—3f@;wdm
= fdw—f$+1dx+2f 11

=x-log |x+1| +21og |x+1] +—+c

_ 3
=x+log |x+1] + a1 te

OR
To find: Value of f (sin 1 x)2 dx
Formula used: f sin X, dx = cos x+C
We have, I :f(sin 1x)2 dx ...(0)

Let sin'lx = t, X = sint,

= cost = /1 — x2

1 __dt

= \/1—1'2 T da

= /1 —x2dt = dz

= /1 —(sint)?dt = dz

= cost dt = dx

Putting this value in equation (i).Hence the given integral becomes,
d(t*)

_ 42

I=t fcostdt—f{ )

I=t sin t- [[2 tsin t]dt

I =t*sint — 2[—tcost+ [ 1.costdt]

I=t2 sin t+2 t cost-2 sin t+c

The given differential equation is,

ﬁ x2+y2

= /1 —sin’tdt = de
I= [ 12 cos tdt
} dt
Again by parts we have,
I=(sin'z)’z+2(sinz) /12 —2z+c

dr — 2zy
dy y\! y
-2 () ()
dx 2z 2z
— f(¥
=71
=> the given differential equation is a homogenous equation.
The solution of the given differential equation is:
Puty=vx
& _ dv
= o vV+Xx ™ 1
dv vx\ — VX
vixg=—(%) (%)

dx 1
Sx =) +()
Sl =2 () = 2
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33.

34.

2v _ dx
= V274dV— -

Integrating both the sides we get:

= [ vf—ildv =[ % +c

= 2In|v? — 4| =In|x| +In|c|
Resubstituting the value of y = vx we get
= 111‘(%)2 — 4| =In|x| +Inc|

on simplification, we have,

(y? — 42?%) = c2®

Let r be the radius and S be the surface area of the balloon at any time t. Therefore,we have,

S = 4qr?
a5 _ ar
adni 8mr Rt
It is given that % = Cos t = k (say). Putting % =kin (i), we get
- dr
k=8mr;

= 8nr dt = k dt [By separating the variables]
Integrating both sides, we have,
4r? = kt + C ...(10)
We are given that att = 0, r = 3. Putting t = 0 and r = 3 in (ii), we have,
367 = k(0) + C ...(iii)
Putting t = 2 and r = 5 in (ii), we have,
1007 =2k + C ...(iv)
Solving (iii) and (iv), we get, C = 367 and k = 327
Substituting the values of C and k in (ii), we get,
4mr? = 32mt + 36m =12 =8t+9=r=,/8t + 9
The given differential equation is,
22 -y x cos? (%)
dx z

dy y—z cos® (%)

dz T
This is a homogeneous differential equation

ing v = By _ v
Putting y = vx and 7y = VT T, weget

Vr—IT 0052 v

dv __
v—l—mdm— -

:>v+:1:%:v—coszv

= o2 - cos?v
&L

= sectvdv=—1 dx
Integrating both sides, we get
[ sectvav= —f% dx

= tanv=-log |x| +1logC

= tan v =log |%|

Putting v = % we get

tan(%) = log‘%‘

Hence, tan(g) = log Clisthe required solution.
€T T

OR
We have, y2 =9x and y = X
=2 =90z
=22—-92=0
=z(z—9)=0
=x=0,9
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35.

36.

Hx

*. Area of shaded region, A = fo ( 9z — a:) dx = fo 3z 2dx — fo xdx

- (5-%)
3 2 /o

. 93/42 81
(o2 u

2
108—81 :
54— 8 — % = %squmts.

¥

\ B(0,2)

/ \ A(3,0)
X

AN

Vv

z ¥y _
gtr=l
T —
st =1
2

. (Z’# + (7;7 = 1 is the equation of ellipse and
% + % = 1 is the equation of 1ntercept form of line
Area=2 [3./9 —a2dz — 2 [7(3 - w)dﬂg
S -mnAm—3m+2]0
= 2[(0+ 5(sin"!(~1) - 3(3) + 3) — 0]
_2p8x_ 9

3l 7 2

%(n— 2)sq. unit

Section III

To solve this we Use integration by parts that is,

f

Y=

IxIIdz=1I[IIdz— [LI([IIdz)dz
= acfcot:cdac fd—m ([ cotz dz)dx

(zlog s1n:c f02 log sin zdx

Let, I = fo logsmacd:z: e (D
Use King theorem of definite integral

N

I=
I=

fa)de = [} fla+ b z)de
fo logsin (% — z)dx
fog log coszdz ..... (ii)

Adding eq. (i) and (ii) we get,

2I = [? logsinzdz + f* logcoszdz
21 = f(f lOg QSinw2cosz dx

2I = [,? logsin 2z — log 2dz

Let, 2x =1t
= 2dx =dt
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t
2
21 = %fﬁlogsmtdt — Flog2

21 = %fg logsin zdz — Zlog2
2 =1 Flog2

I= fO logsmmdx = ——10g2

y = (zlogsinz); fo log sin xdx
y = Slogsin 5 — (— —10g2)
_r
y= 5log2
Hence proved..
OR

™
= 2
Given [} —=%f—dz
fO cos? z+4sin’ z
s

Let] = [[* —2 g ()

cos? z+4sin? z

COS2 X

— 2
=1= fO cos? x+4(1—cos? x) dx

_ cos®
fo cos? z+4(1)—(4 cos? z) dz

f2 —3cos? z+4—4
0 4—3cos?z

|
Wl Wl w|»—~

L[> 4-3cos’z 1 % 4

fO 4730052mdx+7r3 fO 473c052wdx
e+ L [ —A——da

fO () 3 fO 4—3(ﬁ)

72r 4sec?x
4sec?x—3

4sec’z d
i
fO 4 1+tan? ac)

dx

C%

S
2

'f() 2 sec? ); dx
1+4 tan®x

s = ol

First solve for
f QSec T
0 1+4 tan? w

Let 2 tan X = t = 2 sec?x dx dt

When x = 0 then t = 0 and when x = % thent = co
2 % 2sec? z 1
= 3 fO 1+4 tan? z f 0 1+zt2

=1 = %[tan—lt}o

= % [tan_1 0o — tan™! O]

2.
:>11—3 5
:>11:§
Put this value in equ.(ii)

=_T, T
:>I_7T6+3

37. According to the question,
Given differential equation is
ydz + :clog| % ‘dy —2xdy =0
= ydx = [2:3 — mlog‘%” dy
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dy_ vy
dz 2w—wlog|%|
Now, letF(z,y) =

=

Y

2x—x log| % '

On replace x by Ax and y by Ay both sides, we get

F(z,\y) = +

2 z—Az log‘ A_Z‘

Ay
A [290—90 log| %H

= F(A\z,\y) = \0—L—— = \0F(z,y)
2z —x log| ;‘

So, the given differential equation is homogeneous.

Onputtingy:vx:>3— v+m mEq ).

dv VT _ v
wegetv—#:z:da:— =

2z—z log| 2 2—log [v|
v—2v+wvlog |v
= dv — v oy = |v]
Tz 2—log |v| 2—log |v|
dv __ —vtvlogl|y|
= Tie = 2—log |v|
2—log |v| _ dx
vlog |v|—v Tz

On integrating both sides, we get

I 2-log | 4 _fda:

v(log [y|-1)
On putting log |v| =t = %d’u =dt

Then, f2 Ldt = log|z| + C
if(——l) dt = log|z|+ C

= loglt—1|—t=log|z|+C
= log|logv—1| logv = log|z| 4+ C [putt=1og |v|]

= log ogv ‘— log|z|+ C [ logm — logn = log(%)}
= log| 28~ 1) log|z| = C = log logv_l‘ =C
loglog% ! :c['.'yszﬁv:%}

which is the required solution.
OR

Since, volume of the box = 1024 cm3

Let length of the side of square base be x cm and height of the box be y cm.

RN SN
: Volume of the box (V) = z2.y = 1024

Since, %y = 1024 = y = 1024

Let C denotes the cost of the box.

o C =22% x 5+ 4y x 2.50

= 10z? + 10zy = 10z (z + y)

= 10z <:1: + M)

= ¢ (2% + 1024)

= C =10z” + 122 @)

On differentiating both sides w.r.t. X, we get
¢ — 20z — 10240(z)

— 920x — 10240 )
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38.

Now, Z—C =0

X
= 20x = %
= 2023 = 10240
=2t =512=8=2=38
Again, differentiating Eq. (ii) w.r.t. X, we get
£ —20-10240(-2). %

di122 3
— 20+ 20480
3
. (& _ 20480
L (52) =204 20 —60>0

For x = 8, cost is minimum and the corresponding least cost of the box
C (8) = 10.8% + 10240

.". Least cost =X 1920

According to the question,

Given differential equation is

dy _ vy
a2y (D)
Let F(z,y) = p——

Now, on replacing x by Az and y by Ay, we get
2,2 2
Fz, ) = 22— = N = \F(z,y)

M (zy—z?) zy—z?

Thus, the given differential equation is a homogeneous differential equation.

Now, to solve it, put y = vX
dy dv

= 4z =V +x dz

From Eq. (i), we get

’U—f—.’L‘E ve—g?  v-1

dv v? 2=ty
= mdac v—1 v—1

dv v v—1 __ dz
= T =T7=> dv="

On integrating both sides, we get

J(1-2)av— [

= v—loglv| =logl|z|+ C

= 2 —log|2| =1log|z|+ C[put v= 7]
= 2 —logly| + log|z| = log|z|+ C [ log(%) = logm — logn|
: —logly|=C

which is the required solution.
OR
Let P be the principal (amount) at the end of t years.

According to the given condition, rate of increase of principal per year = 5% (of principal)

=4 _ 5 «p

b
AT
= % = g—é [Separating variables]

Integrating both sides,

logP = 55 t+c..()

[Since P being principal > 0, hence log|P| = log P ]

Now initial principal = X 1000 (given), i.e., when t = 0 then P = 1000
Therefore, putting t = 0, P = 1000 in eq. (i), log 1000 = c

Putting log 1000 = c in eq. (i), log P = % t +1log 1000

= log P - log 1000 = 5=t

=log Ths = oot -..(iD)

Now putting t = 10 years (given)
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P _ 1 _ 1 _
log 756 = 50 X 10=5=10.5

P _ 057 .. - —at
:>1000—e [.Ifx=t,thenx=¢e

P=1000 X 1.648 =X 1648
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