Which is less than 0
Means strictly decreasing in its domain i.e R

3. Question
Prove that f(x ) =ax + b, where a and b are constants and a > 0, is a strictly increasing function on R.

Answer

Domain of the function is R

Finding derivative i.e f'(x)=a

As given in question it is given that a=0
Derivative=0

Means strictly increasing in its domaini.e R

4. Question

Prove that the function f(q ) — 2% js strictly increasing on R.
Answer

Domain of the function is R

finding derivative i.e f'(x)=2¢e*

As we know e* is strictly increasing its domain

f'(x)>0
hence f(x) is strictly increa
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5. Question

Show that the function f(

a, strictly increasing on [0, o[

b. strictly decreasing on [0, =]

c. neither strictly increasing nor strictly decreasing on R
Answer

Domain of function is R.

F(x)=2x

for x>0 f’(x)>0 i.e. increasing

for x<0 f'(x)<0 i.e. decreasing

hence it is neither increasing nor decreasing in R

6. Question

Show that the function f(x] =: |x| is

a. strictly increasing on ]0, o[

b. strictly decreasing on] — =, O[
Answer

For x=0

Modulus will open with + sign



f(X)=+x

= f'(x)=+1 which is <0

for x<0

Modulus will open with -ve sign

f(x)=-x == f'(x)=-1 which is =0

hence f(x) is increasing in x>0 and decreasing in x<0

7. Question
Prove that the function _f(‘i ) = loge X is strictly increasing on ]0, «[.

Answer

f(x)=In(x)

f(x)= 2
b.
for x<0
'(X)=-ve —increasing
for x>0
f'(x)=+ve —»decreasing

f(x) in increasing when x>0 i.e x€(0,« )

8. Question

X 1 log “& ctly increasing

Prove that the function f

10, o[ when 0 < a < 1.

in 0, %Qdﬁnd strictly decreasing on

&

Answer
Consider f(x)=logs x

domain of f(x) is x>0

f(x) = éln(a)

= for a=1, In(a)>0,

hence f'(x) =0 which means strictly increasing.
= for O0<a<l1l, In(a)<0,

hence f'(x)<0 which means strictly decreasing.

9. Question
Prove that f(X )= 3* is strictly increasing on R.

Answer

Consider f(x)=3%

The domain of f(x) is R.

f'(x)=3%In(3)

3% is always greater than 0 and In(3) is also + ve.

Qverall f'(x) is =0 means strictly increasing in its domain i.e. R.



10. Question
Show that f(x)=x" —15x" + 75X — 50 Is increasing on R.

Answer

Consider f(x)=x3-15x2+75x-50
Domain of the function is R.
f'(x)=3x2-30x+75
=3(x2-10+25)

=3(x-5) (x-5)

=3(x-5)?

f'(x)=0 for x=5

for x<5

(x)>5

and

for x>5

f'(x)=5

we can see throughout R the derivative is +ve but at x=5 it is 0 so it is increasing.

11. Question
Show that f(x) =[x—

Answer

-}

domain of function is R-{0}

1
P(X) =1+ E
f'(x) V X € R is greater than 0.
12. Question

1
Show that f(x) ={_ + 5J is decreasing for all x = R, where x = ().
X

Answer
1
f(x) = ;+ 5

domain of function is R-{0}

f(x) = ]

XZ
for all x, f'(x)<0
Hence function is decreasing.

13. Question



1
Show that /(X)=——=is decreasing for all x =0
(1+ x‘)

Answer

1
(1+x2)

Consider f(x) =

2x
) =~
forx=0,
f'(x) is -ve.

hence function is decreasing forx = 0

14. Question

Show that f(x) :[x3 + %] is decreasing on ]—Ll[.
. X,

Answer
fix)=x3+x3
f'(x)=3x2-3x4
=302 1%

¥r—1 x*F 41
=3( Xz . xz )
3x—-E*+x+1)(x
— x4

Root of f'(x)=1and-1
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Here we can clearly see that f'(x) is decreasing in [-1,1]
So, f{x) is decreasing in interval [-1,1]

15. Question

Show that f(x)= is increasing on ]0_

[.

o |

sinx
Answer

nsi e

Consider f(x) = o,

sinx — X.cosx

(X)) =—-7—""
) sin?x

cosx(tanx — x)

£ix) = sin?x

in ]OE[ cos>0,

tan x-x=0,



sin?x>0

hence f'(x)=0,

so, function is increasing in the given interval.
16. Question

5

e

(x+2)

Prove that the function f(x)=log(1+x)- is increasing for all x ~ —1.

Answer

2x

Consider f(x) = log(1+x) — sy
1 4

=9 aran

_(x+2)°-4(x+1)
T (x+ D(x+2)?

2

_ X
T (x+1)(x+2)?

N e N sl ]
i 1

-2 o | 0
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. Prove that the function f( %)= {x - l} is strictly increasing on |.
X,

17. Question

Let | be an interval disjoint fron

Answer

Consider f(x) = (x+ i)

1
f(X)=1—F
x2_1
fiix) = <2
x—=1.2+1
- x2
L 4y o= of = | &
% 0 +1

We can see f'(x) <0 in [-1,1]

i.e. f(x) is decreasing in this interval.
We can see f'(x) =0in (-, -1) U(1, =)
i.e. f(x) is increasing in this interval.

18. Question



(x-2)

Show that f(x)= is increasing for all x = R, exceptat x = 1.

(x+1)
Answer
" (x—2)
Consider f(x) = 1)
3
=

f'(x) at x=-1 is not defined
and for allx € R- {-1}
f'(x)>0

hence f(x) is increasing.

19. Question

Find the intervals on which the function f(x] = (le —3x) is

(a) strictly increasing
(b) strictly decreasing.
Answer

f(x)=(2x2-3x)
f'(x)=4x-3
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f'(x)=0 at x=3/4
= |
3

A

Clearly we can see that function is increasing for x€[3/4, «) and is decreasing for x&(-«,3/4)

20. Question

Find the intervals on which the function f(x)= 2x3 -3x2-36x+7 is
(a) strictly increasing (b) strictly decreasing.

Answer

f(x)=2x3-3x2-36x+7

f'(x)=6x%-6x-36

f'(x)=6(x2-x-6)

f'(x)=6(x-3)(x+2)

f'(x) is 0 at x=3 and x=-2

+ - -

’
v

F'(x)=0 for x € (-=, -2] U [3, =)

hence in this interval function is increasing.



F'(x)<0 for x € (-2 ,3)
hence in this interval function is decreasing.

21. Question

Find the intervals on which the function f(x] —6-9x—-x°is
(a) strictly increasing (b) strictly decreasing.

Answer

f(x)=6-9x-x°

'(x)=-(2x+9)

- , -

A

v

-9/2
G @ ’ 9 s 9
We can see that f(x) is increasing for x e (—oo, —;] and decreasing inx € (—5, oo)

22. Question

Find the intervals on which each of the following functions is (a) increasing (b) decreasing.

Answer

class24

Consider f(x) = (x“ _"_:)

f(x)=4x3-x?

=x%(4x-1)
F'(x)=0 for x=0 and x=1/4

- - -
| l

0 Va

L)

v

Function f(x) is decreasing for x € (-«,1/4] and increasing in x € (1/4 , «)
23. Question

Find the intervals on which each of the following functions is (a) increasing (b) decreasing.
f(x)=x*-12x% +36x +17

Answer

f(x)=x3-12x2+36x+17

f'(x)=3x?-24x+36

f(x)=3(x2-8x+12)

=3(x-6)(x-2)



A

Function f(x) is decreasing for x € [2,6] and increasing in X € (-=,2) U (6, =)
24. Question

Find the intervals on which each of the following functions is (a) increasing (b) decreasing.
f(x)=(x’ —6x* +9x +10)

Answer

f(x)=x3-6x24+9x+10

f(x)=3x2-12%x+9

f'(x)=3(x%-4x+3)
=3(x-3)(x-1)

+ - +
| |

1 3

v

»

Function f(x) is decreasing for x € [1,3] and increasing in X € (-»,1) U (3, »)

Ol wing functiOETﬂ’g@?ﬁcreasing.

25. Question

Find the intervals on which each of th
f(x)=(6+12x+3x’

Answer
f(x)=-2x3+3x%+12x+6
f'(x)=-6x2+6x+12
(%) =-6(x%-x-2)
=-6(x-2)(x+1)

- + | -

t
=1 2

Function f(x) is increasing for x € [-1,2] and decreasing in x € (-«,-1) U (2, ®)

'y
Y

26. Question

Find the intervals on which each of the following functions is (a) increasing (b) decreasing.
f(x)=2x% —24x+5

Answer

f(x)=2x3-24x+5

'(x)=6x%-24

f'(x)=6(x2-4)

=6(x-2)(x+2)



A

Function f(x) is decreasing for x € [-2,2] and increasing in x € (-=,-2) U (2, =)
27. Question

Find the intervals on which each of the following functions is (a) increasing (b) decreasing.

F(x)=(x-1)(x-2)’

Answer

f(X)=(%-1)(%-2)2=x2-4x+4 * x-1= X3-4X2+4X-x2+4x-4
f(x)=x>-5x2+8x-4

f(x)=3x%-10x+8

f'(x)=3x2-6x-4x+8

=3x(x-2)-4(x-2)

=(3%-4)(x-2)
«— * e | + >
4/3 2
Function f(x) is decreasin '] and increasing in X € (-=,4/3 02 ©
28. Question 61 d § s 4
Find the intervals on which'e the ing functions is (a) increasing (b) decreasing.

f(x)=(x*-4x’ +4x° +15

Answer
f(x)=x*4x3+4x%+15
f'(x)=4x3-12x2+8x
= Ax(x2-3x+2)
=4x(x-1)(x-2)
. + & +

} | | &
0 1 2

Y

Function f(x) is decreasing for x € (-=,0] v [1, 2] and increasing in x € (0,1) U (2, =)

29. Question

Find the intervals on which each of the following functions is (a) increasing (b) decreasing.
f(x)=2x +9x% +12x +15

Answer

f(x)=2x3+9x%+12x+15

f(x)=6x2+18x+12



f(x)=6(x%+3x+2)
=6(x+2)(x+1)

- = -

e . -

'y

-1 -2

Function f(x) is decreasing for x € [-1,-2] and increasing in X € (-e,-1) U (-2, =)
30. Question
Find the intervals on which each of the following functions is (a) increasing (b) decreasing.
f(x)=x"-8x7 +22x% -24x +21
Answer
f(x)=x3-8x3+22x2-24x+21
f'(x)=4x3-24x2+44x-24
= 4(x3 -6x%4+11x-6)
=4(x-3)(x-1)(x-2)

= I + i = : s

1 2 3

v

Y

[2, 3] and increasing in x € (1,2) U (3, )
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wing functions is (a) increasing (b) decreasing.

Function f(x) is decreasing for
31. Question

Find the intervals on whicl
f(x)=3x" —4x? —12x* 4
Answer
f(x)=3x*-4x3-12x2+5
f'(x)=12x3-12x2-24x
=12x(x? -x-2)
=12(x)(x+1)(x-2)

Function f(x) is decreasing for X € (-=,-1] U [0, 2] and increasing in X € (-1,0) U (2, «=)

32. Question

Find the intervals on which each of the following functions is (a) increasing (b) decreasing.

3 y 3
f(x)z_x4-ix’-3x-+_6x+11
10 5 5

Answer
’ _ I AR 36
@)= -5 —6&+3

f'(x)=(12%3-24x2-60x+72)/10
=1.2(x3-2x2-5x+6)
=1.2(x-1)(x-3)(x+2)



4[

-2 1 2
Function f(x) is decreasing for X € (-=,-2] U [1, 3] and increasing in X € (-2,1) U (3, =)
Exercise 11H

1. Question

Find the slope of the tangent to the curve

iy=(x"-x)atx=2

ii. y =(2x2+35i11x) atx =0

iii. y =(sin2x+cotx+2)3 atx=§
Answer

Y= 3x?— 1

% at(x=2)=11

@ d
iil. ¥ — 4x+ 3cosx
dx

dy
ax at(x=0)=3
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ii. g = 2(sin2x + cotx +

gat( =;)=2(u+0+2) —-

2. Question

Find the equations of the tangent and the normal to the given curve at the indicated point for
y=x -2x+7at (L6)
Answer

m : % =3x%2-2
mat(l,6)=1
Tangent:y-b = m(x-a)
y-6=1(x-1)
X-y+5=0

Normal :y — b = E(x— a)
y-6=-1(x-1)
x+y-7=0

3. Question

Find the equations of the tangent and the normal to the given curve at the indicated point for



2

a 2a
y =4ax at | —.—
m- m

Answer

m : 2y-3=4a

a 2a
mat (——) =m
m2’'m

Tangent:y-b=m(x-a)

m2x-my+a=0

Normal :y — b = E(x_ a)

m2x + m3y - 2am?-a =0
4. Question

Find the equations of the tangent and the normal to the given curve at the indicated point for

= .
—~,+—}:~,~= 1 at (acos6.bsin
a- b°

Answer

class24

2= 5l .o

Nt A e

-bc
asin®

mat(acosB.bsing) =

Tangent:y-b = m(x-a)

—bcos6

y— bsinf = S N0E

(x— acosB)
bxcosB +aysin8 = ab

i = g —
Normal iy — b = m(x a)

asin®

y—bsin9=bcosg

(x —acos@)

ax sec 8 - by cosec 8 = a2 - b?
5. Question

Find the equations of the tangent and the normal to the given curve at the indicated point for

-
£

s
%2
7+y—2=1at (asec6.btan )
a- b
Answer

2x 2ydy
i

bsech
atan®

m at (asec8,btanf) =



Tangent:y-b = m(x-a)

bsec®
atan@

y— btan6 = (x— asecH)

bxsect —aytanf =ab
- .
Normal iy —b = m(x a)

—asinB
bcosB

by cosecB + ax sec 8 = (a* + b?)

y—bsinf = (x—acosB)

6. Question

Find the equations of the tangent and the normal to the given curve at the indicated point for
y=x’ atP(Ll)
Answer
s a2
W oo 3x
mat(l,1)=3
Tangent:y-b=m(x-a)
y-1=3(x-1)
y=3x-2

Mol 7= e~ class24

S|
y-1= S@&x-1)

X+ 3y=4
7. Question

Find the equations of the tangent and the normal to the given curve at the indicated point for
y* = 4ax at (at Q.Eat)
Answer
s el _
m: 2y—-=4a
m at (at?, 2at) = 1/t
Tangent:y-b = m(x-a)
1
y—2at= E(x—atz)
x-ty + at?=0
B T v
Normal :y —b = m(x a)
y - 2at = -t(x - at?)
X +y = at® + 2at

8. Question

Find the equations of the tangent and the normal to the given curve at the indicated point for



T
y—cot x—2cotx +2atx =—

Answer

m: :1 2 cotx (—cosec?x) + 2 cosec?x
mat(x=m/4) =2(-2)+2(2)=0
Tangent:y-b=m(x-a)
y-1=0(x-mn/4)

V=i

Normal 1y — b = ;%(x— a)

~1= 26D
9. Question
Find the equations of the tangent and the normal to the given curve at the indicated point for
16x? +9y” =144 at (2.y,), where y, >0
Answer

. oy _
m : 32x + 18y e

=32
mat(2.y,)= E

16(2)2 + 9(y;)? = 144

4/5
“Ww="g"

class24

Tangent:y-b = m(x-a)

p- "?-(x 2)

8x+3V5y — 36 =0

Normal iy — b = ;jl(x— a)

45
Z s
Y==3 = 3 ¥

9V5x — 24y + 14V5 = 0
10. Question

Find the equations of the tangent and the normal to the given curve at the indicated point for
y= x* —6x%° +13x° —10x ~ 5 at the point where x = 1
Answer

m: :—::=4x3—18x2+ 26x — 10



mat(x=1) =2

yat (x=1)=(1-6{(1)° + 13(1)2-10(1) +5=3
Tangent:y-b = m(x-a)

y~3=2(X-1)

2x-y+1=10

Normal : y — b = ;—l(x— a)

—3
F=t= =1

x+2y-7=0

11. Question

i D
Find the equation of the tangent to the curve \(';+ J}T =a at [a 5 s }

4 4
Answer
1 1 dy
m: — —_—
2V 2/ydx

class24

2(x + y) = a2

12. Question

] 2

Show that the equation of the tangent to the hyperbola i = £ =1 at (X,. yl) is x)il
a- b F
Answer
b*x,
mat(x,,y,) =
1s)1 azyl

AL (X1, Y1) !ﬁ—yb—*: = 1= b2 - a%y;? = a?p?
a’

y-b=m(x-a)
b*x,
¥ ¥ =ﬁ:(x- Xy)

a’y1y - a%y1? = bPxgx - b
b2x1x - a%y1y = a’b?

XXy, W

i B i By

az b?

13. Question

Find the equation of the tangent to the curve y = ( sec“x — Tall4 X) atx = %
' 3



Answer
d
m: d—i = 4sec®x(tanx secx) — 4tan®x(sec’x)

m at (x = g) = 4(2)*(V3x2)-4(v3)’2)? = 16v3

Atx=m/3,y=17

y-b=m(x-a)
y—7= 16\f§(x— g)

3y —48V3x+16Y/3n1—21 =0

14. Question

Find the equation of the normal to the curve y =(si11 2x +cotx+ 2)1 atx =

12 =

Answer
m: g = 2(sin2x + cotx + 2)(2cos 2x — cosec?x)

dy ¢
o at (x=§)= 200+ 0+2)(-2-1) = —12

Atx=m/2,y =4
-1

y-b=—(x-a)
1 b3

y—4= = (x-1)

12 2
24y -2x +mM-96 =0
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15. Question
Show that the tangents to the curve ¥ _‘gx3 — 4 atthe point x = 2 and x =—2 are parallel.
Answer

m: :{ = Gx*

mat(x=2)=24

mat(x =-2)= 24

We know that if the slope of curve at two different point is

equal then straight lines are parallel at that points.

16. Question
Find the equation of the tangent to the curve x> + 3y =3, where is parallel to the line y —4x +5=0.

Answer
We know that if two straight lines are parallel then their slope

are equal. So, slope of required tangent is also equal to 4.

Xx=-6andy=-11



y-b=m(x-a)

y = (-11) =4{x - (-B))
4x-y+13 =0

17. Question

At what point on the curve x° .4.}:3 —2X -4y +1=0, is the tangent parallel to the y-axis?

Answer
If the tangent is parallel to y-axis it means that it's slope is

not defined or 1/0.

m: 2x+2y?—‘i—2—4g—i= 0

dx  (y-4 0

2y -4=0=y=2
x2+(2)2-2x-4(2)+1=0

=52 -2%-3=0

=x=3andx=-1

So, the requied points are {-1, 2) and (3, 2).
18. Question

Find the point on the curve x

3 = () where em%r the x-axis.

ans that it's slope is 0

Answer

If the tangent is parallel to ;
m: 2x+ Zyg—Z =0

dx
2Xx+2y(0)-2=0
x=1
(1)2+y2-2(1)-3=0
sy?=4=sy=2andy=-2
So, the requied points are (1, 2) and (1, -2).
19. Question

Prove the tangent to the curve § = x?- —5x + 6 atthe point (2, 0) and (3, 0) are at right angles.

Answer

We know that if the slope of two tangent of a curve are satisfies a relation mym, = -1, then tangents are at
right angles

dy
m-a=2x—5

mpat(2,0)=-1

myat (3,0) =1



mim; = (-1)(1) = -1
So, we can say that tangent at (2, 0) and (3, 0) are at right angles.

20. Question

Find the point on the curve = X: +3x + 4 at which the tangent passes through the origin.

Answer
If tangent is pass through origin it means that equation of tangent is y = mx

Let us suppose that tangent is made at point (X7, y1)

Y1 =X12 4 3x3 +4...(1)

d
m:d—i=2x+3

m at (X1, Y1) =2%1 + 3

Equation of tangent : y; = (2x1 + 3)X1 ...(2)
On compairing eq(1) and eq(2)

X12 + 3xy + 4 = (2% + 3)x;

x12—4 =0=x; =2and-2

Atxy =2,y =14

Atx1=—2,y1=2

So, required points are (2, 1

class24

i — 5 at which the equation of tangentis y =x —11.

21. Question

Find the point on the curve 'y

Answer

Slope ofy =x - 1l isequalto 1

d
m:%:sz—ll

3x?-11=1=x=2and-2

At x =2

From the equation of curve, y = (23 -11(2) + 5 =-9
From the equation of tangent, y =2 -11 =-9

At x =-2

From the equation of curve, y = (-2* - 11(-2) + 5 = 19
From the equation of tangent, y = -2 - 11 =-13

So, the final answer is (2, -9) because at x = -2, y is come different from the equation of curve and tangent
which is not possible.

22. Question
Find the equation of the tangents to the curve zxj =" 33(2 =14, parallel to the line x =3y = 4.

Answer



If tangent is parallel to the line X + 3y = 4 then it’s slope is -1/3.

m : 4x+6y§=0

dx
s -1
Ty T e 3
373
o '14—-2:;2
3
g o 12
3
x=1land-1

Atx =1,y =2andy = -2 (not possible)
At x =-1,y = -2 and y = 2 (not possible)
y-b=m(x-a)

At (1, 2)

o 1
y-2= 2 @&-1)

y+x=7

At (+1,.:2)
y- (0= F - class24

3y +x=-7

23. Question
Find the equation of the tangent to the curve g2 + 2y =8, which is perpendicular to the line X -2y +1=0.

Answer

.: If tangent is perpendicular to the line x - 2y + 1 = 0 then it's -1/m is -2.

2 +2dy—0
m: 2% =
m=-x=1/2

==l
At x =-1/2,y = 31/8

i |
y—b=—(x-2)

At (-1/2, 31/8)
31 -1 ( 1)
% I\ V2
2

16x +8y-23=0
24. Question

Find the point on the curve y —2x? —6x — 4 at which the tangent is parallel to the x-axis.



Answer

We know that if tangent is parallel to x-axis then it's slope is equal to 0.

d
m: d—i=4~x—6

Ax-6=0=x=3/2

Atx =3/2,y=-17/2

So, the required points are (2% ;

25. Question

Find the point on the parabola y :[x - 3)3, where the tangent is parallel to the chord joining the point (3, 0)
and (4, 1).

Answer

If the tangent is parallel to chord joining the points (3, 0) and (4, 1) then slope of tangent is equal to slope of
chord.

.
IIl 4-—-3

d
:ay=2()(+3)

Atx=7/2,y =1/4

So, the required points are
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26. Question

Show that the curves g = y K cut at right angles if 8}{2 —1-

Answer

If curves cut at right angle if 8k¢ = 1 then vice versa also true. So, we have to prove that 82 = 1 if curve cut
at right angles.

If curve cut at right angle then the slope of tangent at their intersecting point satisfies the relation mym, = -1
We have to find intersecting point of two curves.

x=y2andxy=ktheny= ks and ; _ 33

'dy_ 1
M 5~ 29
2 1 1
m; at (ki,k§)=—-1-
2k3
cdy _ k
= dx x?
- R | -k 1
m, at (ki,k§)= —a g
k3 k3



