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Mean Value Theorems Ex 15.2 Q1(i)
Here,
Flx)= %% -1 on [2,2]

Itis apalynomial function so it is continuous in [2, 3] and differentiable

i (2,3). Sao, both conditions of Lagrange's mean value thearem are satisfied,

Therefore, there exist a pointc e (2,3) such that

3-2
. {(3) -1);{(23 -1)
2c = (8- 3)
c=ze(23)

Hence, Lagrange's mean value theorem is verified,

Mean Value Theorems Ex 15.2 Q1(ii)



Herge,
f(xj=x3—2;¢'2—x+3 on [0, 1]

Since, f(x) is a polynomial function. So, £(x) is continuous in [0,1] and differentiable in [0,1).

So, Lagrange's mean value theorem is applicable. Thus, there exists a pointc (0,1 such that

fiLy-+(0o
;'rllicj= |I ()
1-0
3 z
1y -2(1y -(1)+23|-3
I - 0) }
= 3 -4c-1=1-3
= 3 -d4c+1=0
= i dc-c+1=0
=5 30(6—1)—1(0—1)=D
= [30—1)[6—1]=D
= c=%e[[l,l:|

Hence, Lagrange's mean value theorem is verified,

Mean Value Theorems Ex 15.2 Q1(iii)
Here,

Flx)=xix-1)

flx)= X% - on [1,2]

We know that, polynomial function is continuous and differentiable. So,
f{x) is continuous in [1,2] and #[x)uis differentiable in (1,2). So, Lagrange's

mean value theorem is applicable. Thus, there exists a pointc e [1,2) such that

Frllicj= f(Ej-f(l:]
2-1
= 2::—1=|I4_2:|_|11_1j
1
= oc-1=2-0
1
= 2oc=23

= c=§e[112j

Hence, Lagrange's mean wvalue theorem is verified,
Mean Value Theorems Ex 15.2 Q1(iv)



Here,
fx) = X% 3w +2 on [-1,2]

We know that, polynomial function is continuous and differentiable. So,
fx) is continuous in [-1,2] and differentiable in [-1,2). So, Lagrange's

mean value theorem is applicable, so there exist a pointc e [-1,2) such that

;'rllicj= flizj_fli_lj
2+1
_ Ec_3=(4—6+2j—(1+3+2j
3
= 2r:—3=—E
3
= 2c=1

= c=%e|:—1,2j

Hence, Lagrange's mean value theorem is verified,

Mean Value Theorems Ex 15.2 Q1(v)
Here,
Flx)= 2% - 3w +1 on [1,3]

We know that, polyvnamial function is continuaus and differentiable. So,
f{x) is continuousin [1,3] and £ (x) is differentiable in [1,3). So, Lagrange's

mean value theorem is applicable, so there exist a pointc £ (1,3) such that

3_
232-33+1)-2-3+1
N 1C IO R N bty
3-1
= -’-‘n:—3=E
5
= 4-=5+3
= 4 =18
= c=2-e|{1,3j

Hence, Lagrange's mean value theorem is verified,
Mean Value Theorems Ex 15.2 Q1(vi)



Herg,
flx)= x2 - 2% +4 an [15]

We know that, polynomial is always continuous and differentiable. So,
flx) is continuous in [1,5] and it is differentiable in [1,5). So, Lagrange's

mean value theorem is applicable. Thus, there exists a pointc € [1,5) such that

i'“(':“)= flIEE:]:ilil:]
_ EC_E={[5)2—2[5)+4}—(1—2+4)
]
= 2r:—2=lg_3
=% 2o-2=4
— 2c=06
= c=3e[L5)

Hence, Lagrange's mean value theorem is verified,

Mean Value Theorems Ex 15.2 Q1(vii)
Here,
Flx)=2x - %% an [0,1]

We know that, polynomial is continuous and differentiable. So,
f{x) is continuous in [0,1] and differentiable in [0,1). So, Lagrange's

mean value theorem is applicable. Thus, there exists a point ¢ e (0,1} such that

= 2-2c=
1
= 2-2c=1
= 1=72c
= c=le|:liljlj
2

Hence, Lagrange's mean value theorem is verified,
Mean Value Theorems Ex 15.2 Q1(viii)



Flx)=[x-1{x-2)(x-3) on [0,4]

We know that, polynomial is continuous and differentiable every where, So,

i‘r|:)(:] iz continuous in [IIIJ 4:| and differentiable in |IIIIJ 4:|. So, Lagrange's

mean value theorem is applicable. Thus, there exists a point c e [0,4) such that

= (c-1)fc-2)+(c-2)(c-3)+[o-1)(c-3) - LRI (1)(-2) (-3)

;'rlllcl']: fliq-)_flllj)
4-0
=¥ cf A+ 2+C+Eo+ 6+ — 4o+ 3=

= 2c? - 12c+11 =123

= 2c? = 12c+8=0
—|:—12:|i-u'|144—4x3x8
= = -

_121./48

=]

= c=2i?$e[lj,4j
= (et = (0, 4)

2
Do s
3

Hence, Lagrange's mean value theorem is verified,

Mean Value Theorems Ex 15.2 Q1(ix)

4% 0



Here,

Flx) =425 -x% on [-3.4]

Given function is continuous as it has unique value for each » e[—BJ 4] and

Frix) = — 2
225 - 52
\ 1
Frix)= =
25 - x

So, f'[x) exists for all values forx £ (-3, 4) so, f(x) is differentiable
in [-3,4). So, Lagrange's mean value theorem is applicable. Thus, there exists
a paintc e [-3,4) such that

f o) f(4;:+f3(-3)
_ -2c_ f9-.6
o425 _ o2 7

= 7o =25 -c*

Squaring both the sides,
40c% = 25 - ¢*
-1
2

Co b e (-3,4)

N

Hence, Lagrange's mean value theorem is verified,

Mean Value Theorems Ex 15.2 Q1(x)



Here,
f[x:] = tan'x on [D, 1]

we know that, tan™!x has unigue value in [D.i] so, it is continuous in [D,l]
1

1+x
So, f'(x) exists for each x « (0,1)

fiix) =

2

So, f'(x) is differentiable in (0,1), thus Lagrange's mean value theorem is applicable,

so there exist a point ¢ € (0,1) such that

fi1y- [0
:‘rllic)= l:) I;:]
1-0
1 tan™'(1) - tan™ (0)
= 1+c2 1
hrl
= L =Z_D
1+c% 1
= I=14c?
o
= C = i—l
T

Hence, Lagrange's mean value theorem is verified.

Mean Value Theorems Ex 15.2 Q1(xi)

Here,

f(xj=x+% on [1,3]

;"'lixj attiams a unique value for each » & |:1J3:|J so it is continuous

flix)=1- iz is definded far each x e (1, 3]

X
= f[x) is differentiable in"(1,3), so Lagrange's mean value theorem is a applicable,

so there exist a point c € (1,3} such that

, F(3)-F(1
ey~ 1O ()
_ 1 1_[3+——|:1+1)]
o2 2
10
— -2
1 3
1—_=
= = >
1 4
= 1_.:_2_33-(2
2 1
= 1—5—?
= o =
= c=~_¢'§e|{1,3j

So, Lagrange's mean wvalue thearam is verified.



Mean Value Theorems Ex 15.2 Q1(xii)
Herg,

Fix)=x(x+ 4)2 on [0,4]

We know that every polynomial function is continuous and differentiable every
wher, so, f (¥} is continuaus in [III, 4:| and differentiable in (0,4}, so, Lagrange's

mean value theorem is applicable, thus there exist a point c (0, 4) such that

)
fl[cj= |I ) ( )
A
ax(8)* -0
== 20 + 160+ 16 =
= c? + 16+ 16 = 64
= 2 +16c-48=0
16+ 256 + 576
= C =
&
-16 + /832
= R —
6
5 =-1E.J_reJ1_3
&
2 2 —o+4.f13
3
C=ﬂl_3€ |[|:|J4:|
3

Hence, Lagrange's mean value theorem is verified.

Mean Value Theorems Ex 15.2 Q1(xiii)



Herg,

Flx)= xx% -4 on [2,4]

f[xj is continuous at it attains aunique value for each x e [2, 4-:| and

Frix) = ——
Y
\ X
Fiix) = —XE —
= F'lx) exists for each x < (2, 4)
= flx) is differentizble in [2,4), =0
Lagrange's mean value theorem is applicable, so there exist a c « (2, 4) such that
f'(cj _ fl:4:|_ ﬂ:E:I
4-2
. c _ 12 -0
ch _4 2

Squarintg both the sides,

c 12
) = = —
cc-4 4
= 4c? = 12c° - 48
= ac? = 48
= c2=Eu
= c=~,|"Eu_e|12,4j

Hence, Lagrange's mean walue theorem is verified.
Mean Value Theorems Ex 15.2 Q1(xiv)
Herg,

f(x]=x2+x—1 on [0, 4]

f{x) is polynomial, so it is continuous is [0, 4] and differentiable in [0, 4)
as every polynomial is continuous and differentiable every where. So,
Lagrange's mean value theorem is applicable, so there exists a pointc = [III, 4:| such that

f'(l::]= fllq-:l_flluj
4-0
((4j2+4—1)—(|:|—1j
= 2o+ 1=
4
= 2|:+1=lg|+1
= 2c+1=5
= c=2e (04

Hence, Lagrange's mean wvalue theorem is verified,

Mean Value Theorems Ex 15.2 Q1(xv)



Herge,
f(x)=sinx - sin2x - x on [0,7]

We know that sinx and polynomial is continuous and differentiable every where =0,
f(x) is continuous in [0, ] and differentiable in [0,x]. So, Lagrange's mean value theorem
is applicable, So, there exist a pointc = (0,x) such that
fx)-F(0
ili.'l (C) = (ﬁ:] |I :]
x-0

(sing - sin2s - x) - (0)

= cosc -2cosz2c -1 =
T

= cosc -2cos2c=-1+1
= CDSC—E[ED:ISZC—I)=D
= 4rcostc -cosc -2 =0

—(—lji,fl— 4x4x(—2j
= Cosc —

=

1i\|'§3

= COsSc =

Hence, Lagrange's mean value theorem is verified.
Mean Value Theorems Ex 15.2 Q1(xvi)

The given fanction is f ( x} —x' —5x" —3x. fbeing a polynomial function, is contirmous in
[13] and & dif Erentiablé in [1.3] whose derivatiwe is 3% —10%~ 3.

F)=1-5(1) -3(1)==7

f(3)=3"-5(3) -3(3)=27-45-9=-27

By Fla) Fi3)-JR] -NYF7
= T = TR

=-10

Mean value theorem states that thers &= a pointc [ L 3_] such that f'[ C I =3 —10c-3

f'l:_c:I=—ID
3¢ =100 -3=-10
36 —10c+7=0

3t =3e=TecxT7=0
if =
c=—, wherec=—¢e(1,3)

Hence, Mean value theorem & werified for the given function.

Mean Value Theorems Ex 15.2 Q2



Here,
fx)= || on [-1,1]

- N =0
;lr - !
IIX:I {x, ¥ =0

Far differentiability atx =10

LHD

o fo-R)-£(0)
gt >

LHD = -1

EHD = lim
+

LHD = RHD
= f (%) is not differentiable at x =D = [<4,1)

Hence, Lagrange's mean value theoremiis verified.

Mean Value Theorems Ex 15.2 Q3

Here,
Fx) =+ on [-11]
£ () = -Xiz
= f'(x) doesnot exist atx =0e(-1,1)

= f{x) is not differentiable in [-1,1)

Hence, LMVT is verified
Mean Value Theorems Ex 15.2 Q4



Here,

F(x) =——,xe[1,4]

4x—1
f[x) attain unique value for each x = [1,4] , 50 fx) is continuousin [1, 4].
4
T O
(4x-1)

= f'[xj exists foreachx (1, 4)
= f'[x:l is differentiable in(1, 4)

So, Lagranges mean value theroemis applicable.
So, there exist a point c£ (1, 4) such that,
f(4)-f(1
fllfcjz [ J [ J
: 4-1

| =

1
o LS o S
(4x-1)" 3
4 4

= —— =
(4x-1)" 45

=(4x-1)"=45

=

= dx—1=13/5
34/5+1
= F

Mean Value Theorems Ex 15.2 Q5
Here,

e[1.4]

curve is ¥ =[x - 4)2

Since, it a polynomial function so'itis differentiable and continuous,. So, it
Lagrange's mean wvalue theoremis applicable, so, there exist a point ¢ such that,

fib)-fla)
F(c) =
(€] g
= 2|:c—4j=—f(5;_i[4)
= 2c—8=ﬂ
1
= 2c=19
a
= c=_
2
2
Q
= y=[§—4]
_ 1
=3
9 1. . .
Thus, [c,v) =[§JZ] is required point,

Mean Value Theorems Ex 15.2 Q6



Hereg,

yo=x4x

Since, v is a polynamial function, so it continuous differentiable,

= Lagrange's mean value theorem is applicable, so, there exist a point ¢ such that,
iy F(B)-F(2)
el
1 -f(0
= 2o+1l= ( li:l
1-0
= 2oc4+1=2
1
= CistE
2
e gL
2
.3
Y 3
1 3% . : ;
=Tul (c,y)= [E’ZJ is the required paoint,

Mean Value Theorems Ex 15.2 Q7
Herge,

y=(r-a)”

Since, v is a polynomial function, so it continuous.differentiable,

= Lagrange's mean walue theorem is applicable
= There exist a point ¢ such that,
fib)-7(3)
Fllej= 2+ 1
€)= —F—
Fl4)1-1f[3
= 2[c—3j=u
4-3
= 2oc-6 = ﬂ
1
= 2oc="7
7
= o= =
2
z
-
=|--3
-7 {2 J
= Vo= 1
4
S0 (c,¥) = 71 is the required point
E E 2.1 4 '

Mean Value Theorems Ex 15.2 Q8



Here,

o= x%-3x
w is a polynomial function, so it is continuous differentiable, so

Lagrange's mean value theorem is applicable thus there exists a point ¢ such that,

Fo)-7(a)
Fic) = ————1
(€) Py
L et
2-1
= 3c2-3.-2%2
1
= It =7
= o=+l
3

277
Y= ¥343
a0 e lf 207,
, ()= 37 F3v3 is the required point.

Mean Value Theorems Ex 15.2 Q9
Herge,

y=x3+1

Itis apalynomial function, so it is continuous differentiable,

= Lagrange's mean walue theorem is applicable, so there exists a point o such that,
flb)-7
fl'['::] = |: :I (aj
b-a
Fla)-1(1
L e fB)-f(
3-1
- 202 o 28-2
2
= -2
3
13
= c=,]=
3

13

So, [c,wl=]|. =, {E

3

3
z . . .
e J +1| is the required point.

Mean Value Theorems Ex 15.2 Q10



Trigonometric functons are continuous and
differentiable,

Thus, the curve Cis continuous between the points
(2,0) and [0,a)and is differentiable on [a,a]
Therefore, by Lagrange's Mean Yalue Theorem,
there exists a real number c e (a,a) such that

8- D——l
-a

fc)=

I oy conmder the parametric functions of the
given function

X=a005"8

and

y=asin’g

= ax _ 3acos® &f-sing)
a8

and

=Y zasir? &{cos &)
a8
a ‘3","”

=5 -4

de

dy 3asin® 8{oos &)
dx 3acos’ 8(-sin )
ay

= =-tan&
ax

Slope of the chard joining the peoints (5,0) and (0,a)

=Slope of the tangent at [-:,F{c]], where ¢ lies on the curve
&-0
O-a
=-1=-tang
= tang=1
"

=8=—
4

= =-tand

Mow substituting &= %, in the

parametric representations, we have,
x=ac0sg,y = asin® @

= x=aoos® [E],y = asin® [E]
4 4
=8, 8
227 22
Thus, F{
X ZRN )

iz parallel to the chord joining the points {(a,0) and (0,a).

] is a point on C, where the tangent

Mean Value Theorems Ex 15.2 Q11



Consider the function as

f(x) = tanx, {xe[a,b] such thatl3<a<b<%}

We know that tanx is continuous and differentiable in [D, g), s0, Lagrange's mean value

theorem is applicable on (a,b), so there exists a pointc such that,

f(b)-r
fl(c)= ( ) (a)
b-a
2 tanb-tana 4’
= sec C_—b—a (l)
Now,
ce(ab)
= a<cxb
= sec? a < sec?c < sec? b
= sec? a < [MJ< sec? b
b-a

Using equation (i),

= (b-a)sec?a< (tanb - tana) < (b - a) sec?b



