CHAPTER

Level - 1

1. Option (A) is correct.

Explanation: xe¥ =1

Differentiate both sides w.r.t. x
d d
—(xe?) = —(1
dx( ) dx @

ey~%(x)+x~%(ey) =0

ey+xey~d—y =0
d

x
dy _ ¢ _ 1
de  xe¥ X
Atx =1:
dy _ 1
dx 1

2. Option (C) is correct.

Explanation: Given function:

flx) = sin(x?)

Differentiate w.r.t. x:
d . . 2 2y 4, 2
f’(@:asm(x ) = cos(x )~E(x )
= cos(xz).Zx
Atx=+/n:

f(m) = cos(n)-2n

- (-1)-2Jn
=N

3. Option (B) is correct.
Explanation: f(x) = [x] is not differentiable at integer
points.
For 0 < x < 3, the points are x = 1, 2.

4. Option (C) is correct.

. in2
Explanation: Let u = 5™~

and v = cos x

du in2
au _ sin®x

dx

(2sinx)cosx

Continuity and
Differentiability

CORE SUBJECTIVE QUESTIONS
MULTIPLE CHOICE QUESTIONS (MCQ)

(1 Mark)
and @ =—sinx
dx
du du / dx
Now, do  do/dx
_ eSinzx(Zsinx)cosx
—sinx
— _Dcosx SN

5. Option (C) is correct.

Explanation: di[cos x(log+e*)]
x

—sin(log x + ex)[(%)+ (e )]

—sin(logx + e")(1 +e* )
x

Nowatx =1

1
i[cosx(]ogx +e" )N = —sin(log1+ el)(f +e! )
dx 1

=—sin (0 +¢)(1 +e)
=—(1+e¢)sine
6. Option (D) is correct.
Explanation: Given:
y= cos (")

Differentiate using the chain rule:

L
dx /1 _ er

dl :_71
dx e—ZX -1

7. Option (D) is correct.
Explanation: fx)=11-x+ |x||
Casel:x=0
|x]| = x, so

fo)=11-x +x|=]1] =1



10.

Case2:x <0
|x| =-xso
f()=11-x—x|=|1-2x|
Since1-2x >0forx <0,
fix)=1-2x
At x= O:Iimx_w_f(x)z 1,limx_>0+ f(x)=1, so continu-

ous.
At x=1: her f(x)= 1,]1m)H1Jr f(x)=1, so continu-

ous.

. Option (C) is correct.

Explanation: Required derivative is given as:
d (. A (ax
=) )

Using the derivative formula di(ax) =a’lna
X

i(z") =2In2, i(3"): 3*In3
dx dx

A ey, 4o (E)ILZ
dx(z ) dx(3 ) 3) In3

. Option (C) is correct.

Explanation: Differentiate 5* and * using the derivative
formula:
d

d—(ax) =a"Ina
x
we get:
d X X
d—(S )=5"In5
X
d
E(ex) =¢"
Now,
X
dx (5 ) _5"'In5
d X B e*
E(E )
X
= (é) -In5
e
Option (C) is correct.
Explanation: Given:
y=sinlx
Differentiate w.r.t. x
a1

dx V1—x?

Again differential ting w.r.t. "x’

dzy z X
E (1 _ x2)3/2
Using secy = L and tany = X we get:
V1-#? V1-x* ’
2
% = sec” ytany
X
Alter Method
x=siny

dy
l1=cosy =£
Y dx
dy
secy= —L
4 dx
dzy

5 =secytany dy _ seczy tany
dx

dx

11. Option (B) is correct.
Explanation: Differentiate
d

a(eZJc) — 2629(

Ly =e

d (2

a(ez ) 2%

d N

(Y ¢
— o

12. Option (B) is correct.
Explanation: For continuity at x = 0, we need:

lim f(x) = /(0) = k

Given:
Fol®
x
s ) . (WA+x-2)(V4+x+2)
i ale — = — i)
E 4 x—0 x(\4+x +2)
(On rationalising)
>
=0x(V4+x +2)
1 1

Jit2 4

1
For continuity, k = 1

13. Option (B) is correct.

2
Explanation: Given, e ¥ =¢

On differentiating w.r.t. x, both sides, we get

ey (xz Zy + ny)z 0

X

) 2
Since e* ¥ #0,

xzd—y+2xy =0
dx
dy _ 2y
dx X

14. Option (A) is correct.
Explanation: For continuity at x = 4:

lim f(x) = lim f(x)= f(4)
x—4" x—4t

Solve:
16— c* = 4c + 20
C+4c+4=0
c+2°=0=c=-2



15. Option (A) is correct.
Explanation: We need to find:

119)

Differentiate

d 2
o)
%(,ﬁ) 3¢ 3x

16. Option (A) is correct.

Explanation: The given function is:
fo)=1x] + |x-2]

Absolute value functions are continuous everywhere,
s0 f(x) is continuous for all x, including x = 0 and x = 2.
For Differentiability
A function is not differentiable where it has a corner,
which happens at points where the absolute value
terms switch expressions.
Atx=0:
| x| has a sharp corner at x = 0, so f(x) is not differenti-
able at x = 0.
Atx=2:
|x — 2| has a sharp corner at x = 2, so f(x) is not
differentiable at x = 2.

17. Option (C) is correct.
Explanation: For continuity at x = 0,

lim f(x)= lim f(x)= f(0)
x—0" x—0"

Left-hand limit (x < 0):
Iim f(x)= im (x+2)=0+2=2

x—0" x—0"
Right-hand limit (0 < x < 1):

lim f(x)= lim ¢* =¢” =1
x—0" x—0"

Function value:
f0)=e" =1

Since lim 0_f(x);tlim 0+f(x),f(x) is discontinu-

ousatx = 0.
For continuity at x = 1,

11'1111_f(X)= ﬁrﬂf(X)=f(1)

Left-hand limit (0 < x < 1):
lim f(x)= lime* =e
x—>1" x—-1"
Right-hand limit (x > 1):
Iim f(x)= lim (2-x)=2-1=1
x—-1*

x—1t

1:e

Function value:

fy=e'=e

18.

19.

20.

21.

Since lim - f(x) #lm - f(x), f(x) isdiscontinuous

atx=1.
So, f(x) is discontinuous at x = 0 at x = 1.
Option (C) is correct.
1
Explanation: Given ¥y = f(;) and f'(x) = x°,

e 2 e
1mce X X x3 , We get

R

At x= 1 :
2
L L
dx (1 )5
2
Option (A) is correct.
Explanation:

y= log(secl/z(x/;)) E %log(secx/;)

Differentiate y w.r.t. x/,
Using the chain rule:

dy 1 1 1
s -secy/xtan~/x - ——
dx 2 secyx 2x
dy 1 1
— :—.tan\/;._
dx 2 2x
dy tanv/x
dx 4x
-
at x=—
16
Vx =—, tan—=1
dy 1 1
dx 4x(n/4) =
Option (B) is correct.

Explanation: Given:
x=23cos B, y=>5sin O
d—x =-3sin O, d—y =5cos 6
de de
Now,
dy
dy _ 4o _ 5cosb :—Ecote
dx dx -3sin@ 3
dae
Option (B) is correct.
Explanation: We are given the parametric equations:

x=at’ y = 2at
d—x =2at, d—y =2a
dt dt

Using the chain rule:



22. Option (B) is correct.
Explanation: Given:
y= sec(tan”! x)
Let0 = tan’lx, sotan O = x and

sec 0 =1+x?

y=\/1+x2

Differentiate:
@ X
dx  \1+4x2
Atx =1:
dl 1

dx _ﬁ

23. Option (D) is correct.

. L T
Explanation: For continuity at x = 2 ;

. T
lim f(x) = f(g)
X‘)Z
Given:
kcosx T
= X #

n—2x" 2

f(x)
Let x =g— h, where h — 0. Then:

oS X :Cos(g—h):sinh

Also,

Thus, at x=

lim,z . kcosx .. ksinh

=lim
T m=2x x>0 2h
2

Using the limit property # —lash—0:

ksinh k
m =—
h—=0 2h 2
T
Limit Equal to f(E)
k_s
2
k=10

24. Option (D) is correct.
Explanation: For continuity at x = 2:

lim f(x) = lim,f(x) = £2

Right-hand limit:
lim (3x+5)=3(2)+5=11
+

x—2

Left-hand limit:
lim (kx?) = k(2)* = 4k

x—27
Equating limits:
4k=11
k=
4

25. Option (D) is correct.
Explanation: For continuity at x = 0:

lim f(x)= lim f(x)= f(0)
x—=0" x—0"

Right-hand limit:

lim cos x =1
x—0"

Left-hand limit:
lim k(3x* — 5x) = k(0) = 0

x—0"

Since 0.# 1, no k satisfies the condition.
26. Option (A) is correct.
Explanation: For continuity at x = 0:

lim f(x)= lim f(x)=f(0)=0
x—0" x—0"

f(x) is continuous.

For differentiability:
f/(x) =2xforx>0,f'(x) =2xforx <0
£(07)=0, f(07)=0

Since f'(07)=f'(07), f(x) is differentiable.

27. Option (B) is correct.
Explanation: Given:

tan [u] =k
o7y
Differentiate both sides w.r.t. x using implicit differen-
tiation:

o =

=0
ool )

dx
|:Since, sec? (W) * O]
X=-y

d da
x—y+(x—y)£—x—y+(x+y)d—z =0

d d
(x=y) Lt (x+y)L =2y

dx dx

(x—y+x+y)dl =2y
dx

4y _y
dx x
28. Option (C) is correct.
Explanation: Let  y=x
Taking log both sides, we get
log y= 2x log x
Differentiating both sides, we get

2x



1 dy 1 Fe

ydx (l'log“x';) and ;;C — _16A cos 4t — 16B sin 4t
Y _ 5y +log x) d*x
i Y & or, 2 = ~16(A cos 4 + B sin 41)
W g+ log x) A2y
dx ? = -16x

29. Option (D) is correct. . .
30. Option (B) is correct.

Explanation: Given, x = A cos 4t + Bsin 4t Explanation: The greatest integer function is

ax _ 4A sin 4f + 4B cos 4t continuous only for non-integral points i.e., not an
dt integers.
I ASSERTION-REASON QUESTIONS (1 Mark)
1. Option (A) is correct. ) c+h)~f(c
P (_) ) and lim fle+ gl is right hand derivative at

Explanation: Assertion: We have, f(x) = |x| + |x—1]| h—0* h

Here, we have 2 critical pointsx = 0and x-1 =10 x=c.

ie,x=0andx=1 Since function is not differentiable at x = ¢, LHD =

RHD is true.
The graph of f(x) has two sharp points at x = 0 and e

Since, derivative test can be used to check differenti-

x =1, hence f(x) is not differentiable at x = 0 and x = 1. ability at x = Dand x = 1.

Reason: Here reason describes the differentiability test Thus, we used the concept mentioned in reason to
- check assertion.
ie., lim M is left hand derivative at x = ¢
h=0" ~h Therefore, reason is a correct explanation for assertion.
] VERY SHORT ANSWER TYPE QUESTIONS (2 Marks)
1.y = tan"'x and z = log, x 2 x>0
o 3. f=1"5 7
Then 4 = 3 BRAIL
e T 0+h 0
b1 RHD:IimM=limh2=0
and _— = = h—0 h h—0
dx  x
LHD = lim fO+hm) - £0) _ lim (-1%)=0
dl h—0 -h h—0
So, d_y —dx ~+ RHD = LHD = 0.
dz 4z
dx So f(x) is differentiable at x = 0.
1 4. y= tan\/;
£11> A

1 L dy sec?x o 1
= x A L
x dx  2\tan+/x 2Vx

xlog, cosx

2. Lety = (cos x)*. Then, y=e¢

\/;d_y _ SeCZ\/;

dx B 44/t
On differentiating both sides with respect to x, we get an

2 4

& ¢¥108¢ COsx i(xloge cosx) I+ (tan+x) 1ty

dx dx 4\/ tan/x 4y
= dy _ (cosx)* {loge cosxi(x)+xi(loge cosx)} 5. We have, y=cosx+y

dx dx dx . . .

Differentiating both sides w.r.t. x, we get

= dy =(cosx)* {loge COSX + X+ (—sinx)} Zyd—y = —sinx+d—y

dx cosx dx dx
= dy _ (cos x)* (log, cos x — x tan x). = 2y - 1)d_y =-—sinx

dx dx



Atx=0

3
LHD=lim JO=M=SO _ (h): lim (~h%)=0
h—0 -h h—0\-h h—0

_ 3
RHD fim SO+ =) _ (h):nm(hz):o
h—0 h h—0\—h h—0

~ LHD = RHD at x = 0; when x #0. f(x) is a polynomial
and hence differentiable.
.. f(x) is differentiable at all points.
7.f(x) =[x]atx=-3
RHD = lim {E2XN=3)
h—0 h

—1im 2= g
h—0 h

LD - fim JE3=1 = £(3)
h—0 -h

iy S (1)

h—0 h h—0\ h

= not defined

LHD= RHD
So fis not differentiable at x = -3.
-2 -2
8 2x3 +1y 3y _ 0
3 3 dx
;2
gy _x3 _ —y2/3
E —?2 x2/3
(dl) 11 - 44 ~ N
dx )12
(&:5)
9 T T

f(x) =—tan2x,z<x<—

f(x) = -2sec? Zx,g <x<X

#(5)amee(3)
(s3]

= -2sec? hid
3

=-2(-2)*>=-8

10. y :\/1+c0’c2(cot_1 X) :\/1+x2

[~ cosec®0 = 1 + cot? 0]

dy _ X
= dx  \1+x?
= 1+x2 W =0
dx
CcoSX OSJCSE
11. f(x) =|cosx|= n 2
—Cosx —<x<T
2
5-4))
LHD at — = lim
h—0 —h
COS(E—h)—O
= lim—2>
h—0 —h
= lim R -1
Chs0 =h
G iG)
RHD at = = lim —2 Z
—0 h
—cos(ﬁ+h)—0
= lim 2
h—0 h
— lim sin h -1
>0 b
LHD # RHD
.. fis not differentiable at x =g
dy .
12. T = 2A cos 2x — 2B sin 2x
X
Py )
= F i sin 2x — 4B cos 2x = — 4y
dz
= dxg +4y =0
= k=-+4
x
13. x=e’ :>logx=£:>y= o
logx
! 1)- 1
dy_(ogx)( )-x x /) logx-1
dx (log x)? (log x)?
14. LHDatx =1
i S 5(1)
h—0 —-h

2
:lim[(l—h) +1]—2:
h—0 —-h

2

RHDatx =1



15.

16.

17.

18.

19.

20.

21.

- i SL41)= D)

h—0
= lim w =-1
h—0 h

as LHD = RHD, so f(x) is not differentiable at x = 1.

y = cos®(sec® 2t)

= % = 3cos,2(sec2 Zi.‘).sin(sec2 2t)
X 2 sec 2t.sec 2t tan 2t.2

" % = —12 cos® (sec22t) X sin(secZ 2t) X sec? 2t
X tan 2t
As, ¥ = 7Y = log(x¥) = log(e* Y)
x
= ylogx=(X—y):>y=1+logx
Now, differentiating both the sides wrt x
1
dy (logx+1).1- x(;) . logx
dx (logx +1)2 (1+logx)2
. . 1
lim f(x) = lim x.sin—=0 x Finite value in [-1, 1] = 0
x—0 x—0 X
= f0)
.. fis continuous function.
LHD = fim 222120 iy 229 _
x—5~ Xx=5 x—5 X=5
RHD = fim X310 i G294
x—5" X— x—5 X—5

LHD = RHD, .. fis not differentiable at x = 5
di B 2sin " x
dy 1—x2

gy
= (1—x2)(—y) = 4y
dx
Differentiating again with respect to ‘x", we get

dy d%y (dy)z dy
1-x?)22L 5L x| =L | =4-%
(1=x%) dx dx? o dx

a2 d
= (1—x2)dx—g—x—y -

dx
vy =x=xlogy =ylogx
Differentiating with respect to ‘x’,
Ed—y+logy = Z+d—ylogx
y dx x dx

dy _y y—xlogy
dx x\x-ylogx

_ siny
* sin(a +vy)

Differentiating w.r.t. y, we get

22.

23.

dx _ sin(a+y)cosy —sinycos(a+y)
dy sinz(a +v)
d7x _ sin(a+y-vy)
dy sin? (at+y)
dx _ sina
E sinz(a +Y)
.2
o x = sin“(a+y) Hence Proved
dy sina

Giveny = (cosx)* +cos ' v/x

Let y=u+v

where, u=(cosx)* and v = cos I/x
Now, u = (cos x)*
Taking by both sides, we get

log u = x log (cos x)

L x. (=sinx)+1.log(cosx)
u dx CoSX
du
dx = U[(—xtanx)+log(cosx)]
du .
— = (cos x)" [log (cos x) — x tan x]
dx
and v =cos 1 /x
o A5 SN
dx [1-(/x)? 2Jx
v _ -1 & 1-
dx  2x1-x wx—x?
Therefore,
ay _du do
dx dx dx
Z—y = (cos x)* [log (cos x) — x tan x] 24/x — x2
x

Given, y = ¢ cosly place x in front of cos

dl :eucosflx —a
i T
,1 _ xz (ELJ/) =g eucos_lx

dx
= V1-x? (d—y) = -ay
dx
Squaring both sides

2
X

Differentiating again w.r.t. x,

dy\d2y (dy Y d
1— Zz(l)J (l) _2x) =242 ay
A=x2 G Jopz Tay) 20 =20y



=(1-

24. Let

4%y (dy) 9 d 1ot 1
= (1-x)2L_x[Z|= Y _ 2 d
(1-x )dxz g L and 1 ° log 2(1 tzj
4> d xloga dy —yloga
N A dx — a%_
x )dxz x(dx) a’y=0 Hence proved. = I 2(1+%) an dt 2(1+42)
Yy=u-v dy :dy/dt:_z
= 2 N x Tax/dr . x

Now,

Taking log both sides, we get

Differentiating both sides, we get

log u = cos x log x

28. y:x/ax+b:>y2=ax+b

1du . cosx
—— =-—sinxlogx + i
u dx Differentiate with respect to ‘x’, Zy—y =a
dx
du _ inxl cosx
P u(— sinxlogx + X ) Differentiate again with respect to “x’,
d?y (dy Y
du _ cosx | s Cosx J+2(l) =0
. =X ( sinxlogx + , ) ydxz ™
and v = Zsinx dz P 2
dv . = l‘/(_g)"' (_y) =0
ol 25" cos x log 2 dx dx
' o ' 29. f(x) is differentiable in (0, 2)
(Differentiating both sides) = () is continuoue at (M)
Therefore, . :
= f(x) is continuous at x = 1.
. cosx i
y =x%* (—smxlogx+ )— cosxlog2 lim (ax +b)= lim 2x*—x)=a+b=1
- x>l x>k
25, __ cosy Also, f(x) is differentiable at x = 1,
cos(a+y) ~LHD. (=1 =RHD. (x = 1)
Differentiating w.r.t. y, =a=4x-1
dx _ cos(a+y).(=siny)—cosy.[-sin(a +y)] —>a=41)-1.a=3&b=1-a=-2
dy cos’(a+y) 30. y=x*
dx _sin(a+y-y) dx sina = logy :1logx
= oty S d - N *
dy cos“(a+vy) Y cos“(a+y)
ldy _logx . 1
dy cos’(a+y) Z ydx 2 2
dx sina 1
dy _ L (1-logx) 1(1-0)
26. Y ol 1)1+ - w2 T
dx Vx? -1

or

dy)
=7 =1
dy _ 2x+Vx2-1) - (dx -

dx 2_1

i’

[2 - dy _
-\ = 2

* dx g

31. d—x = 2a cos 2t
dt

2
di/ = 2a(—sin2t+ ;ec f )

2
dt tant
(x2- 1)(d—y) = 4y Hence proved.
ax cos? 2t
=2a—
27 Given. x = \/ gan't y= \/ g0t sin 2t
| , 4y _ cot 2t
1tan_li‘ lcot_lif dx

x = a2 ,y=a

- 32. Givenxy = ¢* ¥, givesx -y = log x + log y

—tan"'t
di =aZém loga1 12 - 1_dl =1+ldl
dt 21+t dx  x ydx

d
X£ +y =0 Hence proved.



dy _x-1 'y _ylx-1)
dx x  I+y x(y+1)

Hence proved.

33. (¢ + %) = xy gives

2(x% + y2)|:2x+2yg—y:| = xdl+ y
X

dx
= [4y(x® +y*)— x]jl =y —4x(x* + 1)
X
= dy _y—4x+y’)
dx 43/(3(2 + yz) -x
34. Here,
RHD = lim [N =/D) _,
h—0 h
LD = i [ L=
h—0 =
Since RHD = LHD
.. fis not differentiable at x = 1.
)
35. lim f(x) = lim [S‘“ ’“’“J
x—0 x>0\ x2
.2
= lim Sl A'Zx)hz :)\,2
x—>0| (Ax)

Since f(x) is continuous at x = 0
lim f(x) = f(0)
x—0

=AM =1=A=2+1

36. Here,
x X ?
1— cosx 2sin? £ sin 5
flx) = > P o
2x 2x X
2
2
ax

sin — 1

i =lim— =—

= ilg})f(x) x—>04| X 4

2

So, if f s continuous at x = 0, then f(0)= lim f(x)
x—0

=k=—
4

37. Given x = acos t and y = bsin t, we have

1. Vi-x? +\1-y? =a(x-y)

Putx =sin 6,y =sin ¢

SHORT ANSWER TYPE QUESTIONS

dx

— =—qasint
dt
and d—y =bcost
dt
dy _dy/dt
= bC(TSt =—éc0tt
—asint a
dZ
L 21(_Ecott)£
dx dat\ a dx
== cosec’t. -
a —asint
=—%~% or —%cosece’t
a” sin”t a

38. y = x* = log y = x log x, differentiating with respect to
‘X', we get

Z—y =y(1+logx), differentiating with respect to ‘x’, we
x

get
’y dy
w3 =;+(1+logx)E
2 2

< 4y =1+1(d_y)
dx2  x  y\dx

dzy 1(dy)2 y_o
I — [ = || L=

x? yN\dx g Hence proved.

39. As fis continuous at x = 2
= lim f(x)= lim f(x)=f(2)
x—27 x—2"

lim 3x= lim (2x+2)=k

x—2% x—2"
=k=6
4+x?
40. f(x)=

x(2-x)(2+x)
Clearly f is not continuous when x(2 - x)(2 + x) = 0
=x=0,2-2

41. Asfiscontinuousatx=1= lim f(x)= lim f(x)= f(1)

x—1 x—1

lim (3ax+b)= lim (5ax —2b) =11

x—1" x—1

=3a+b=1land 52-2b =11
Solving, we geta = 3,b = 2

(3 Marks)

= cos 6 + cos ¢ = a (sin O —sin ¢)

= 2COS(9+ ¢ )Cos(e_—q)) = Zasin(e_—q))cos(eﬂ)
2 2 2 2




e—q)) .

2

= 6—¢=2cot"la
-1

= cot (

= sin"lx —sin"ly = 2 cot™ a
On differentiating both sides, we get
1 dy

\/1 2dx

Hence proved.

2. y = (tan x)*
logy = xlog (tan x) [Taking log both sides]
On differentiating w.r.t. x,

ldy sec® x
y dx :x(tanx +log(tan x)

2
dy _ (tanx)"[(xsec ol
dx tanx

J+ log(tan x)]

dy _ ¢S 3 % (cos 3t) x 3
dt

dy .
LT eS‘“3t><(cos3t)

dr  dx _peos3t y (sin3t)
at

cos 3t

Also, x=¢é = cos 3t = log x

logy

sin 3t

y=e
dl _ —ylogx
dx  xlogy

2
_do?) o
dx

= sin 3t =

(| x|)
dx
1 _l d 2
‘_(XZ) 2 % (X )
2. dx

| Hence proved.

zf

5. We have, ¥’ = (x + y)*°
Taking log of both sides, we get
30log x + 20logy = 50 log (x + )
Differentiating both sides w.r.t. x, we get

x ydx x+y dx

dy(ZOx—30y) _ 20x—30y

y(x+y) x(x+y)
= dy _Y Hence proved.
dx  x

Hence proved.

10.

. We have, 5x+ 5y = 5* 7Y
Differentiating both sides w.r.t. x, we get
d
5%log5+5Y long—y =5""Y logS(l +—y)
dx dx
= 5% +5v Y :5"+V(1+d—y)
dx dx
N dl (5y _ 5x+y) — 5x+y _ 5x
dx
N dy 57V-5"  57(5Y-1)
dx — 5Y -5V 5Y(1-5%)
. Differentiating both sides w.r.t. x, we get
21
L 21087
x
= xy' = 2 log x
= xy'" + =%
55
=5 xzy” +xy' =2

W _ cos(tan~ (e¥)) X ———
3 ( (e*)) E

ool
dx Jr—o 4 2 2\/—

.xcos(p+y)tcospsin(p+y) =
_ Zcospsin(p+y)
= * cos(p+y)
= x = —cos p.tan(p + v)
dx 2
— @ = —cos p.sec(p + v)
dy 2
= cospﬂ =-cos“(p +y) Hence proved.
x-2 +a ;x<2
~(x-2)
flx) = a+b x=2
x-2 +b x>2
(x-2)
—-1+a ;x<2
= flx) = a+b ;x=2
1+b ;x>2

limﬁf(x) =-1+a
x—2

lim f(x) =1+ b
x—2"
and

fQ)=a+b
As fis continuous at x = 2
w-l+a=1+b=a+b
Sa=1b=-1



11. As, y =(sinx)* 2™ 445 =y +a*
X
N dy _du_d(a)
dx dx  dx
where u = (sin x)*.x*" ¥ = log u = x log(sin x)
+ sin x.log x
On differentiating, u both sides with respect to x, we get
= du_ (sin x)*.x*n*
dx
. sinx
[log(sm x)+xcotx + ——+logx.cos x]
x
dy : X ,.sin x
Thus, — = (sin x)*.x™"* X
dx
[log(sin X)+xcotx+ =|mry log x.cos x:| +a*loga
X
12. Taking ‘log’ on both sides of (cos x)V = (cos y)*, we get
ylog cos x = xlog cos y
= d—ylogcosx +y(—tanx) =logcosy + x(—tan y)d—y
dx dx
N dy _logcosy+ytanx
dx logcosx+xtany
13. y = (tan"lx)?
Differentiating w.r.t. x, both sides, we get
-1
N dy _ 2tan” x
dx 1+x2
= (1+ xz)d—y = 2 tan™! ¥, differentiating again with
respect 4%
to ‘x’, we get
2
Zx(d—y)+(1+x2)d—]2/ = 2 >
dx dx*  1+x
= (1+x2)2&+2x(x2 +1)dl= 2 Hence proved
dx? dx P '
14. Given: x = asin’0 and y = b cos’ 0
Differentiating x and y w.r.t. 0,
dx
We get — =3gsin?
e ge 10 3asin“0cos0O
L -3b cos20 sin 0
dae
Level - 2
1. Option (B) is correct.

Explanation: vo(t) is the wvelocity function. The
derivative of velocity, v'(f), gives the rate of change of
velocity with respect to time. This rate of change of
velocity is known as acceleration.

15.

16.

3.

dl _ —3bcos® Bsin® _ b

——cot®
= dx 3asin®0cos a
Py p 40
“J 2
= =—cosec 00—
x> 4 dx
= E cosec’8- +
a 3asin®0.cosO
= Lzsecﬁ cosec*0
3a
dzy] _42b
= dxz QZE 3112
4
)
Given, Yy = cos ™ (1 x2 ]
1+x
Putx =tan 6

! (1 —tan” 0 ]
1+tan®0

y = cos ! (cos 20)

y =20
y=2 tanlx
Differentiating both sides w.r.t. x, we get
dx 1+x
dy __2
o dx 1+x2
Rewriting the expression as:
P 32
= cos
Y 1+3%
and puts 3* = tan t.
Write the expression as:
1 — 2
y= cos 1-tan f =cos! (cos2t)
1+tan?t

Sy=2=y=2tan"! 3"
dy _ 2

ow, L = —=——x3"In(3).
dx  1+(3%) (
Jdy 23"In3

Tdx 143%

ADVANCED COMPETENCY FOCUSED QUESTIONS
MULTIPLE CHOICE QUESTIONS (MCQs)

2.

(1 Mark)

Option (B) is correct.

Explanation: P’(x) gives the marginal profit. This is the

rate at which profit changes per additional unit sold.

Option (B) is correct.



Explanation: sin(t) is continuous and differentiable
for all real numbers t. The constant term 200 does not
affect continuity or differentiability — it only shifts
the graph vertically. Therefore, T(t) is continuous and
differentiable everywhere.

. Option (B) is correct.

Explanation: For a function to be differentiable at a
point, it must be continuous at that point. This is a
necessary condition. It must have no sharp corners
or cusps and no vertical tangents at that point. So,
continuityisrequired, butbeingincreasing, decreasing,
or constant is not necessary for differentiability.

1. Option (A) is correct.

Explanation: Assertion is true. If a velocity function
is differentiable, it must also be continuous, as
differentiability implies continuity.

Reason is also true because this is a fundamental
concept in calculus. A function that is differentiable at
a point is always continuous at that point.

Both assertion and reason are true and the reason is
the correct explanation of assertion.

. Option (A) is correct.

Explanation: Assertion is true because this function
is a polynomial, and all polynomial functions are
differentiable over the set of real numbers.

1. With the help of the graphs, we observe the values of

x for which cosx attains integer values as:
1

cos x=3

= X =cos3
cosx =2

= X = cos 2
coslx=1

= x=cos1

Thus, the points of discontinuity of the function y =
[cos~!x] are cos 3, cos 2 and cos 1.

. The points in the domain [-3, 3] where the function is
not differentiable are x = 0, 1 and (-1).
Because the function is not continuous at x = 0, it is
not differentiable at x = 0.
Also, at x = 1 and (-1), the graph is pointed/not
smooth, hence not differentiable.

3. Differentiating the given function as:

dy -1 d(4x*)

dx gt Jaxty o1 dx

dy  -lex 4
dr 441668 -1 1638 —1

ASSERTION-REASON QUESTIONS

VERY SHORT ANSWER TYPE QUESTIONS

. Given, y

5. Option (B) is correct.

Explanation: The function h(t) = 4t — > gives the
height of water at time . To find the rate at which
the height is rising or falling, we need to find the
derivative of h(t), which gives the rate of change of
height with respect to time. So,

d g
Hit)y= — (4t-t7)=4-2¢
()= @-p)

This expression tells us whether the water level is
rising (positive value) or falling (negative value) at a
given time t.

(1 Mark)

Reason is also true because this is a correct and well-
known property of polynomials.

Both assertion and reason are true and the reason is
the correct explanation of assertion.

. Option (A) is correct.

Explanation: Assertion is true because at the point of
a sharp corner (e.g., at x=0 for |x|), the function is
continuous but not differentiable due to the sudden
change in direction.

Reason is also true because differentiability requires
the left-hand and right-hand derivatives to be equal.
If they are not, the function is not differentiable at that
point.

Both assertion and reason are true, and reason

correctly explains assertion.
(VAVETS)

1
f'(x) = ——=x%(-2sinxcosx)
2+/cos® x - 25

On comparing, we get g(x) = (-2 sin x cos x) or (- sin
2x).

4. Using the chain rule, we get

. Shyama is wrong.

Justifies by giving an example of a function whose
first-order derivatives is the same as its second-order
derivative.

For example, f(x) = e*.

— logsinx

= y=sinx

Differentiates the above equation with respect to x as:

d—y =COsX

dx

(Award full marks if y (cot x) is obtained instead of cos
X.)

. False (F).

The function is not continuous in the domain of real

1
numbers as — is not defined at x = 0.
X



1. (i)

(ii)

The marginal cost is the derivative of the cost func-
tion with respect to x:

C'(x) = % [5x% + 10x + 500] = 10x + 10

So, the marginal cost function is:

C'(x)=10x+10

Substitute x=10 into the marginal cost function:
C’(10)=10(10)+10=100+10=%110

(iii) We use the difference in marginal costs:

2. (i)

(ii)

Rate of change=C’(11)—C’(10)
C’(11)=10(11)+10=110+10=%120
C’(10)=X110

Change=120 - 110=X10

Velocity is the first derivative of position:

o(t) = ds _ d (B3 — 61> + 2t) = 9 — 12t + 2
dat  dt
Velocity function:

o(H) =9 =12t +2
Acceleration is the derivative of velocity:

a(t) = do _ 4 (9 - 12t +2) = 18t - 12
dt dt

Now, put in t=2:
a(2)=18(2) - 12 = 36 — 12 = 24 m/s>

(iii) Put o(t)=0:

1. (i)

(ii)

9 —12t+2=0
Using the quadratic formula:

‘e ~(-12)£(-12)' -4(9)(2)  12+144-72

2(9) B 18
_ 12572
18
124682 2442
=t = =
18 3

Time when veloctiy is zero:

y (e}
~=tan30°=> y=—= orx=+/3
Y (3 Y

Putting y = 35 min y = 60 — 4.9+, we have
= 60-4.9> =35 =49+ = 25
= t= 2, seconds.

(iii) (a) X =3y = x =603 — 493

dx
- E]@ = —4~9J5<2t>]t:@ =730 ms
7

OR
dy
(b) 5o 9.8t =—9.8t=-9.8x2=-19.6 m/s

Height of the sandbag is decreasing at the rate of
19.6 m/s

SHORT ANSWER TYPE QUESTIONS

3. (i)

(ii)

(3 Marks)

2+\/E
3

Yes. The function is composed of sine and linear
operations, both of which are continuous every-
where. Hence, the sum is also continuous.

Yes. Sine functions are differentiable everywhere.
Scalar multiples and sums of differentiable func-
tions remain differentiable.

t= seconds and seconds

2-42
3

(iii) We need the maximum value of T’(t), the derivative

4. (i)

(ii)

of T(¢):
T(t) = 25 + 10 si (n_tj
) = sin | 15

Differentiating:

o A o) n _ 10m ot
T'(t) = 10.cos (12]. T E.cos (12)

Now since -1 < cos n_t <1.
1

12

Maximum rate of change=57/6 = C° per hour

E (= %(90—2t2+ t)=—4t +1

The maximum rate of change when cos (n_) =1

d
E'()y= S (-4t+1)=-4
(®) dt( )

(iii) Since E’(t)=—4t+1 is a linear function with nega-

CASE BASED QUESTIONS

2. (i)

(ii)

tive slope, it decreases with t, so the maximum oc-
curs at the lowest possible value of ¢ in the domain.
If domain is not specified, we conclude:
Maximum of E’(t) occurs when t=0

So, E'(0)=—4(0)+1=1

Therefore, rate of change of efficiency is maximum
at t=0

(4 Mark)

Given f(x) = a(x + 9)(x + 1) (x-3)
Putf(x) =y =-1and x = 0, we get

1
-1= ﬂ(—27) =a= 2—7
flx) = —217 (x+9)(x+1)(x-3)

= fx) = %(ﬁ +7x% - 21x —27)

Flx) = %(3x2 +14x - 21)

6x+14
27

fx) =

=2



3. (i)

(ii)

4. (i)

(ii)

1. (i)

(ii)

7 2+Et+1
2

h(t) =
Clearly h(t) is a polynomial function, hence con-
tinuous.
Hence h(t) is a continuous function.
For maximum height,

dt
B3

14
d%h

—-=-7<0.. height is maximum at f = 1
dt? 14

RH.D. of f(x) at (x = 1) = w

:1m|1+h—3|—|—2|

h—0 h
o 27h=2
h—0 h
LHD. of f(x) at (x = 1) = lim L= =/@)
h—0 —h

Velocity is the first derivative of position:

o(t _ds_d £2—6t* + 9t + 100
o(f) 5 t( )

a(t) = 3212t + 9
Acceleration is the second derivative of position
(or first derivative of velocity):

dov d 2
H="2=— (B+"-12t+9
a(t) 7 dt( )

a(t) = 6t —12

A particle comes to rest when velocity is 0, i.e.,
u(t)=0:

3t2—12t+9=0

£—4t+3=0

(t—1)(t=3)=0=>t=1or t=3

So, the particle comes to rest at t=1s and t=3s.

(iii) To check whether the motion is increasing or

2. (i)

decreasing at t=1, we analyse the acceleration
a(t)=6t—12 at t=1:

a(1)=6(1) - 12=—6

Since acceleration is negative and velocity is zero
at t=1 (from part ii), the velocity is decreasing,
indicating that the particle is momentarily at rest
and about to reverse direction.

t
The function sin (%) is continuous and dif-

fer

entiable for all real t because sine is a standard
continuous and smooth (differentiable) function.
A constant multiple or addition of such a function
is also continuous and differentiable. Hence, T(t)
is continuous and differentiable on the closed
interval [0, 24].

LONG ANSWER TYPE QUESTIONS

[ 2
(1-h) _3(1—h)+13_2]

=liml 4 2 4
h—0 —-h
i h2—2h+1—6+6h+13—8]
h—0L —4h
_hm_h2+4h]__1
h—0L —4h

(iii) (a) Since L.H.D. of f(x) atx =1

is same as R.H.D. of f(x) at x = 1.
f(x) is differentiable at x = 1.

OR

x—3, x23
(b) f(x)=|3~x, 1<x<3

¥ 3x 13

IV <1

g -y 4
[f@)]p=2 = 0-T=-1

2(-1) 3
[Fles =22 - 2~

(5 Marks)

(ii) To find the rate of change, we differentiate T(t):

d A Tttj:| T[tj T
()= —— [ 26+10sin| — || = ad
T (t) o { (12 10. cos 2) 1

. 107 nt) _ 5m nt
T'(t) = = cos [12] =< cos [12)

Subshtutmg att =
. Cos ( )

- 2o (3] - 3

=9 0=0

6
Att=18
, _ b5m 18r) 5w 3n)  5m
T(18)—?.Cos(12]— 6.Cos(2j—?
Xx0=0

So, the rate of change of temperature at both t=6
and t=18is 0°C/hour, i.e., temperature is at a turn-
ing point.

(iii) To find maximum rate of increase, we maximise

= 6cos(g)

Max of cos(0) is 1, which occurs when:

™ _0=t=0
12

So, temperature is increasing the fastest at t=0
with:

T (0) = ? cos (0) =

L 4



