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Mean Value Theorems Ex 15.1 Q1(i)

Fix)= 3+(x—2j§ on [1, 3]

Differentiating it with respect to x,

Frx) = Sx—y

(x - 2)3

Clearly, Iim2=3>c: L :
= =

(v -2)3

Thus, # [x) is not differentiable atx = 2 e (1,3)

Hene, Rolle's theorem is not applicable for #{x) inw <[1,3]

Mean Value Theorems Ex 15.1 Q1(ii)
Here, Fix) =[x] andx e[-1,1], atn=1

LHL = x-|>|r1nhj|[x]

lim[1-#]

h=0
=0

RHL

lim [x]

F=[1+4)
lirm |1+ hk
h—}D[ :|
=1

LHL = &KL

So, f(x) is not continuous at 1 [-1,1]

Hence, rolle's thearem is not applicable on £ {x) in [-1,1].

Mean Value Theorems Ex 15.1 QI(iii)



LHS = lim sin 1
=+ [0-4) »

= -k [Let lirm Siﬂ[1]=k aSke[—lJlj}
h=0 h
PHS = lim Siﬂ{iJ
= [0+&) X
= lim sin 1
T b= h
)
= LHS = REHS
= f(xj is not continuous atm =0

So, rolle's theorem is not applicable on #{x] in [-1,1]

Mean Value Theorems Ex 15.1 Q1(iv)

Here, fx) = 2%% _ Ly +3 on [1, 2]

f(x) is continuous in [1,3] and #(x] is differentiable is [1,3) since

itis a polynomial function.

Mo,
flx)= Zx% - By +3
Fll) =31 -5[1)+3

—2_54+3
fi1)=0 === {1}
F(3)=2(3)°-5(3)+3

= 18-15+3
Fl3) =6 (i}

From equation (i} and [ii},
F1) = F(3)

So, rolle's theorem is not applicable on £(x) in [1,3].

Mean Value Theorems Ex 15.1 Q1(v)



£ (x) =i1
axs
7o) =
3(093
f! |:|:|:| = o

So, #'{x) does not exist atx =0e(-1,1)

= fix) is not differentiatable in x < (-1,1)

So, rolle's theorem is not applicable on F{x) in [-1,1]

Mean Value Theorems Ex 15.1 Q1(vi)

Here, f(xj={—4x+5105x£1
2 -3, 1lexw =2

Faorn=1

LHS = lim |:—4x+5j
x—}[l—h}
= lim[-4(1=h)+5]
=-4+5

LHS =1

ERHS = lim (2;{—3]
x—>[1+h:|
=I|_r;nn|:2|:1+h:|—3:|
=2-3

RHS =-1

S0, LHS = EHS
= f(x) is not contiuuous atx =1e[0,2]

= Rolle's theorem is not applicable on £ (x) in [0,2].

Mean Value Theorems Ex 15.1 Q2(i)



Herge,

Fix)= x% -8By +12 on [2.6]
f{x) iscontinuousis [2,6] and differentiable is [2,6) as
itis apolynomial function
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So, Rolle's theorem is applicable, therefore we show have
f'lc)= 0 such thatc e (2,6)

Sa, f(xj=x2—ax+12
= flix)=2x -8

Sa, flic)=0
2c-8=10
C=4E|IE,E|:|

Therefore, Rolle's theorem is verified.
Mean Value Theorems Ex 15.1 Q2(ii)

The given function is0f(x) = x° —4%+3

J, being a polynomial funetion, 18°continudus 1n [1, 4] and 1s differentiable in (1, 4) whose
derivative 15 2x — 4.

f(1)=P=4x1+3= 0, f(4)=A¥54x4+3=3

L0 _ra)-s@) | 3-(0) 3,

3
b-a di 3 3

Mean Value Theorem states that there is a point ¢ € (1, 4) suchthat /"(¢) =1

fe)=1

= 2c—-4 =]
5 e

— ¢ ==, where ¢ = 2 e(1, 4)
2 2

Hence, Mean Value Theorem is verified for the given function

Mean Value Theorems Ex 15.1 Q2(iii)



Herge,

Flx) =[x -1)[x -2)% on (1,2)

f(x) is cantinuous is [1, 2] and differentiable is (L2) since

itis apolynomial function,

So, Rolle's theorem is applicable on # [x] in
=0

there exist a c € (1, 2) such that f'[c)

M owe,

() = (x 1) - 2)°

x) = (0 - 1) %2 (3= 2) + [x = 2)°
() =[x -2} (3x - 4]

S0, fllc)=0
(c-2)[3c-4)=

= c=20rc=§e[1,2j

Thus, Rolle's thearem is werified.
Mean Value Theorems Ex 15.1 Q2(iv)

[1,2] therefare,



Hereg,
Fx)=x(x- 1)2 on [0,1]
f(x) is continuous on[0,1] and differentiable on {0,1) as

itis apolynomial function.

Mo,

So, Rolle's theorem is applicable on £ (x) in [0,1] therefare,
we should show that there exist a ce [0,1) such that#'[c)= 0

M 0,

Sa, f'ic)=0

Thus, Rolle's thearem is verified.
Mean Value Theorems Ex 15.1 Q2(v)



Herge,
x) = (xz - 1}[x -2) on [-1,2]
f(x) is continuous is [-1,2] and differentiable in (-1,2) as

itis apolynomial functions.

Mo,
Fl-1)=(1-1)(-1-2) =0
Flz)=(4-1){2-2)=0
= f|:—1:|=f|12:|

So, Rolle's theorem is applicable on # (x) is [-1,2] therefare, we have
to show that there exist ac e (-1,2) such that £'{g) =0

Mo,
= (xz—l}[x—zj
f'(xj=2¥(x—2j+(x2—l)
=2x? - 4+x°-1
Flix)=3*-5
Mo,
f'[ j=E|
= Z_5=0

= (Drx-( 12

Thus, Raolle's theorem is werified.
Mean Value Theorems Ex 15.1 Q2(vi)



Here, f(x)=x(x- 4]2 on [0, 4]
f{x) is continuous is [0,4] and differentiable is [0, 4) since

f{x) is apolynomial function,

Mo,

Fix)

F(0)=0(0-4)°

F0) =0 (i)
F4) = 4[4-4)°

Fla) =0 S

From equation (i} and {ii},
Flo)=7(4)

So, Rolle's theorem is applicable, therefare, we fave to show that
flic)=0force(0,4)

£ (%) = % %2 (5 = &)+ [x = 4)?
= 2x% - 8w+ x% + 16 - Bx
So,  f'[c)=3c" - 16c+ 16

0=3c"-12c- 4c + 16
O=3c(c-4)-4(c-4)
O=(c-4)(3c-4

= c=4urc=ie[lj,4j
3

So, Rolle's theorem is wverified,

Mean Value Theorems Ex 15.1 Q2(vii)



Here, F(x)=x[x - 2]2 on [0,2]
f{x) is continuous is [0,2] and differentiable is [0, 2]

as itis a palynomial function,

and  Floy=0{0-2)°=0
Flz)=2(2-2" =0
= f(0)=F(2)

So, Rolle's theorem is applicable on £ (x) is [0,2], therefore,
we have to show that £'[c) = 0 as c [0, 2)

Fle)=xix-2)

Flix) =x x2(x -2) +(x - 2]

Flix) =2x[x - 2) 4 [x - 2)
= fllc)=0

[c—zj[2c+1j=ﬂ
c=2 Drc=—l
2
= c=2¢(0,2)

So, Rolle's theorem is verified,

Mean Value Theorems Ex 15.1 Q2(viii)



Here, (x)= %% +5x +6 on [-3.-2]
f(x) is continuous is [-3,-2] and F {x) is differentiable is (-3,-2)
since it is a polynomial function,

Mo,
f[xj=x2+5x+6

Fl-3)=(-3)° +5(-3) +6

=9-15+06
f(-3)=0 — i
Fl-2)=(-2)° +5(-2)+6

=4-10+6
F(-2) = 20 ——(ii]

From equation (i} and (i},
f(-3)=7[-2)

So, Rolle's theorem is applicable i= [—3,—2], we bave to show that
F'[l::j =0 asce [—3,—2).

Mo,
f(xj=x2+5x+6
f'(xj= 2x + 5
= fllc)=0
Ze+5=10
5

c= '? e(-3,-2)

So, Rolle's theorem is werified,

Mean Value Theorems Ex 15.1 Q3(i)



Here,

flx)=cos2 x-Zlan |oZ
4 2
We know that cosine function is continuows and differentiable

every where, so ;"'[xj is continuous is [ng} and differentiable is [D,%}.

Mo,

So, Rolle's thearem is applicable.

Hence, there must exists ac e [D,g] such that f'(c) =0,

Now,
Frx) = —5ir‘|2[x—§]x2
SRR
= —25in[2::—£]= 0

Hence, Rolle's theorem is verified.
Mean Value Theorems Ex 15.1 Q3(ii)



Here,
. I
flx)=sin2x on [EI, —}
2
We know that sinx is a continuous and differentiable every where, So,

f{x) is continuous in [EIJ g} and differentiable is {EI, g]

Mo,

So, Rolle's theorem is applicable, so, there must exista c e [EI, g]

such that f'[cj =0

Mo,
f'[xj= 2 Cos 2w
f'[cj =Zoos2c =10
= cosz2c =10
= 2c:=£
2
= c=£e EI,E
4 4

Thus, Raolle's theorem werified,

Mean Value Theorems Ex 15.1 Q3(iii)



Hereg,

fx) = cos2x on =z
44
We know that cosx is a continuous and differentiable every where, So,

JT.

. : = : : y
f(x) is continuous in| ZZ X land differentiable is |—.—|.
gresdl & =
h iy PR o
M 0w [_7] (_T} T
' fl-—|=o0s2| —— |=cos] —— |=0
I'\. 4.?’ I'\. -I-.fl e 2.3’
() () (7
fl—=|=cos2| — |=cos| = |=0
"-_42' '.__hil-J "sz
T S gt
= f._l .=f. |
!'\. 4.) I'\.:I-.JII

So, Rolle's theorem is applicable, sao, there must existac e [EI, g]

such that f'[c) =0

[ 3w,
f'[xj:ESinEx
f'(c) =2sin2c = 0
=5 sin2c =0
=% 2c=10
2 -5 T
= c = — =
de

Thus, Rolle's theorem werified.

Mean Value Theorems Ex 15.1 Q3(iv)



Here,

flx)=e"xsinx on [0,r]
We know that since and expential function are continuous and differentiable
every where so, f (x] is continuous is [Djr] and differentiable is [0, 7).

M 0w,
F{0) = eYsin0=0
fla)=esing =0
= F{0)=f(x)

So, Rolle's theorem is applicable, so there must exist apoint c = [D,ﬂ)
such that £'{c) = 0.

M 0,
f(xj =e" siny
f'[x) =g cosx +&” sinx
Maw, f'[c)=0
et [cn:15c+5incj =10
= e =0 or cosc = - sinG
= &% = 0 gives no value of ¢ or tanc=-1
== tanec = tan [:r - %J

C‘=TE|[|:|,JT:I

Hence, Rolle's theorem is verified.
Mean Value Theorems Ex 15.1 Q3(v)



Here,
flx)=e"cosx on —E,E
2 2

wWe know that expontial and cosine function are continuous and differentiable

every where so, ;Fl:xj is continuous is [— gjg} and differentiable is {—%1 gJ

Moy,

So, Rolle's theorem is applicable, so there must exist a paint c = [—g,%]

such that f'[c) =10,

Mo,

flx)=e"cosx

Flix)=-e" sinx +e" cosx
So, fllc)=10

a° |:— sinc+ c:n:uzcj =0
= e° = 0 gives no value of ¢
= -sinc+cosc=10
= tanc=1
= _[__J

4 22

Hence, Rolle's theorem is verified.

Mean Value Theorems Ex 15.1 Q3(vi)



Here,

flx)=cos2x on [DO,x]
We know that, cosine function is contiuous and differentiable every wherg,
so F(x) is continuous is [0,r] and differentiable is {0, 1),

Mo,
fi0)=cos0 =1
f(;rj = COs (Ezj =1
= |:Elj= f(;rj

So, Rolle's theorem is applicable, so there must exist a point c = [Dj:rj
such that #'(c) = 0.

Mo,
fix)=cosax
f'(xj =-2sinZx
So, f'(cj=lil
= -Zsin2c=10
= sinZc =10
= 2Ze=10 ar 2e=x
= c=0 ar c=ge|:D,;rj

Hence, Rolle's thearem is verified,
Mean Value Theorems Ex 15.1 Q3(vii)



flx)= Siﬂxx on x €[0, ]

=

We know that, exponential and sine both functions are continuous and differentiabl
every where, so f(x) is continuous is [0, ] and differentiable is [, ]

ow,
70) = 5||’|GD iy
e
Sin T
flm) = o =0
= f(0)=f(m)

Since Rolle's theorem applicable, therefore there must exist a point c€[0, 1]
such that f'(c)=0

Maow,

_ e¥(casx)—e"[sinx)

(e¥)

= e%cosc—sinc)=0

= e“=%0andcosc—sinc=0
= tanc=1

T
=—¢€[0
€= [0,m]

Hence, Rolle's theorem is verified.
Mean Value Theorems Ex 15.1 Q3(viii)



Here,
fx)=sin3y on [0, 1]
We know that, sine function is continuous and differentiable
every where. So, f{x) is continuous is [0,s) and differentiable is (0, x).

Mo,
f{0)=sin0=0
fl:ﬁ:l =s8in3s =0
= Fl0)=7(x)

So, Rolle's theorem is applicable, so there must exists a point
c e (0,7) such that £'[c) = 0.

Mo,
flx)=sin3x
fl'lx) = 3cos3x
Moy,
fllc)=10
= 3cos3x =0
= cos3x =0
= v =2
2
I
= X=E-E|IEIJHJ

Hence, Rolle's thearem is verified.

Mean Value Theorems Ex 15.1 Q3(ix)



Here,

Flx)= %% on [-1,1]
We know that, exponential function is continuous and differentiable
every where. So, f(x) is continuous is [—1, 1] and differentiable is [-1,1].

Mo,

So, Rolle's theorem is applicable, so there must exist a point'c e [—1,1j
such that #'(c) = 0.

Mo,

flx)= gl

Frx) = el (-2x)
Mo,

flic)=10

_ocel* =
= c=0 or el":; =0
= c=0e(-1,1)

Hence, Rolle's theorem is verified.
Mean Value Theorems Ex 15.1 Q3(x)



Here,
Fix)= Iug(xz +2) -log3 on [-1,1]
We know that, logarithmic function is continuous and differentiable
is its domain, so £ (x) is continuous is [—1, 1:| and differentiable is [-1,1).

Mo,
fl-1)=log{1+2)-log3 =0
fll)=log[1+2)-log3=0
= Fl-1)=7[1)

So, Rolle's theorem is applicable, so there must exista pointc e [—L lj such
that #'(c) = 0.

Mo,
f(xj=|ug(x2+2)—lug3
2]
Flix) = (
llj x 42
Mo,
flic)=0
2c
=0
o242
= r::=EIe|I—1,1j

Hence, Rolle's thearem is verified,

Mean Value Theorems Ex 15.1 Q3(xi)



Hereg,
fx)=sinx +cosx on [D,£i|
2
We know that sinx and cosx are continuous and differentiable every where, so

fix) is continuous is [ng] and differentiable is {IIIJ%J.

[ i,
f{0)=sind+coscl =1

f{EJ _sing Lgosx

So, Rolle's theorem is applicable, so there must exist a pointc = [EI, g] such
that #'[c) = 0.
[ 3w,

f[xj = Siny + Ccosx
;ll.'l

[x) = COSX — Sinx

M oy,

fllc)=0

cosc - sinc =0
= tanc =1

= c=£e III,E
4 2

Hence, Rolle's theorem is verified,

Mean Value Theorems Ex 15.1 Q3(xii)



Herge,

fix)=2sinx +sin2x on [0, 7]
We know that sine function is continuous and differentiable every where, so
f{x) is continuous is [0, 7] and differentiable is [0, 7).

Mo,
fl0j=2sin0+sin0=0
flr)=2sinr+sin2s =0
= ;"'|:IIIJ=;"'|:JT)

So, Rolle's theorem is applicable, so there must exist a pointce [D,JT:I such
that #'(c) = 0.

Mo,
flx)=2sinx +sin2x
f'ix)=2c0sx +20052x
Moy,
fllc)=10
Zocosc+2cos2c =10
= 2{:05c+2|:|:|52c—1)=tl
= (2 COS%+ 2 COSC - COSC - 1) =0
= (2cosc-1)(cosc+1) =0
Cosc = l, cosc = -1
2
= tanc=1

c= %E (D,ﬂj, o=

Hence, Rolle's theorem is verified.
Mean Value Theorems Ex 15.1 Q3(xiii)
Herge,
X
fx) = 7 ~sin— on [-1,0]
We know that sine function is continuous and differentiable every where, so
fix) is continuous is [-1,0] and differentiable is {-1,0).

[ i,
fi-1)= _?1— sin{—%J
1 .
=i
e
ST
(-1)=0 (i)
And f(Dj=D—5inD
(0)=0 sl

From equation (i) and (i},

fﬁﬂ:ff]



So, Rolle's theorem is applicable, so there must exist a pointc = [—1, III) such
that ' {c) = 0.

[ i,
f(x)=i-5in[ﬁJ
2 a
f'[xj—l—icnﬁ[ﬂ]
2
M oy,
f'[c:|=lil
l_i 5[E]=|:|
2 A G
T [JTCJ 1
= - o= |=-2
5] 5] 2
=5 CDS[£J=3J?
5]
ac _1[55]
= Mokt e [l ke
-
G _1[66]
= (R ) S
T ¥
21 _l{EEJ
= o= =
11 T
= C e [—%,%} [Sinn::e, CDS_l}(E[—l,l:[I
= c£l=1.9,1.9)
= c e [-1,0)

Hence, Rolle's thearem is verified,

Mean Value Theorems Ex 15.1 Q3(xiv)



Here,
B .z by
-— o0,—
f(x) = 4sin“x on [ 5}
We know that sine and its square function is continuous and differentiable every where,

.F[xj is continuous is [ﬂ,g} and differentiable is [D,%J.

Now,

So, Rolle's theorem is applicable, so there must exist a pointc < [D,g] such

that f'(r:j = 0.
Now,
f(x) - 5% _4sin?x
I
, 6 :
f'[%)= =-Bsinxcosx
T
Fi(x)=2-as
[xj= - 4sin2y
T
Mow,
f'(c)=0

b _ 4s5n2c =10
o

= 4sir12c=E
i

= s5iN2c = 1
2

= 2 = sin™! [ﬂ]
4

11 . .1
= Ce [_55] [SIHDEJ sin~ x e[-1, 1]]

Hence, Rolle's theorem is verified.

Mean Value Theorems Ex 15.1 Q3(xv)



Here,

f(x)= 4" on [0,7]
We know that exponential and sinx both are continuous and differentiable, so f(x) is continuous
is [0,7] and differentisble is (0, 7).

Mow,
F(0)=4""0=4"-1
Fr)=4%"" = 4% =1
= f{0) = f(7)

So, Rolle's theorem is applicable, so there must exist a point c € (0, 1) such
that f'(c) = 0.

Now,

f-{x) = 4$iﬂ|x

f'(x)= 4%rxlog 4 xcosx
Now,

f'lc)=0

49n¢ . cosxclog4 = 0
=5 cosc =0

T
c==—e|0,
5 <(0.1)

Hence, Rolle's theorem is verified.

Mean Value Theorems Ex 15.1 Q3(xvi)
Here,
f(x]=x2—5x+4 on [1,4]

f (%) is continuous and differentiable as it is.a polynomial funcitan,

Mo,
(1) = (1)°-5(1)+4=0

(4) -
= fi1) =

£ -
F 4)° -5(4)+4=0

(
1)

So, Rolle's thearem is applicable, so there must exist apointc « |:1, 4) such
that #'(c) = 0.

Mo,
f(xj=x2—5x+4
flix)=2x -5
50,
flic)=10
= 2Ze-L5=
= c=-e(L4)

Hence, Rolle's thearem is verified,
Mean Value Theorems Ex 15.1 Q3(xvii)



Here,

Flx) = sin*x +cos*x on |02
z

We know that sine and cosine function are differentiable and continuous,
So, f(x] is continuous is [D,g] and it is differentiableis {D,%J.

oy,

So, Rolle's theorem is applicable, so there must exist a point c (EIJ g} such

that f'(r::j =0

Moy,
fix)=sin *x+oostx
Flx) = 4 sin® & cosx - 4 cos®x sink
=—El:ESiﬂXCDSXJ(CDSzX—I:I:ISEX)
= -ZsinZy cos2y
Flix) = -sindsx

Mo,
fllc)=0
-sindy =0
Ssindx =0
= 4y =10 ar 4y = 5
= ¥ =10 ar x=£e[[l,£]
4 2

Hence, Rolle's theorem is verified.
Mean Value Theorems Ex 15.1 Q3(xvii)



Since trigonometric functions are differentiable and continuous,
the given function, f(x)=sinx -sin2x is also continuous and differentiable.

Mow f{0) = sin0-sin2x0=0

and

fl[j'r]= sing-sin2xa =0

= £{0) = f(x)

Thus, f(x) satisfies conditions of the Rolle's Theorem on [0, 7]
Therefore, there exists c [0, x| such that f{c) =0
Mows f{x) = sinx - sin2x

= f'{x)=cosx-2coe2x =0

= COSX = 20052

= cosx = 2{2cos?x - 1

= cosx = doos® x - 2

= doos?x —cosx —2=10

= cosx = 1153 _ 0.8431 or - 0,5831

= x=cos ! (0.8431) or cos™ [-0.5931)

= x=cos™ {0.8431) or 180" - cos™{0.5931) [ cos™ -x) = x - oos‘l{x]]
= x = 32232 o x=126°23

Both 32°32' and 126°23 [0, x] such that f{c) = 0.

Hence Reolle's Theorem is verified,

Mean Value Theorems Ex 15.1 Q3(xviii)



Since trigonometric functions are differentiable and continuous,
the given function, f{x)=sinx -sin2x is also continuous and differentiable.

Mow f[{0) = sin0-sin2x0=10

and

f{z)=sing-sin2xx =0

= £{0) = ()

Thus, f(x) satisfies conditions of the Rolle's Theorem on [0, 7]
Therefore, there exists ce[0, x| such that f{c]=0
Mows f[x) = sinx - sinZx

= f'{x)=cosx-2cee2x =0

= COSX = 20052

= cosx = 2{2cos®x - 1

= cosx = 4oos® x - 2

= doos®x —cosx - 2=0

— cosx = lif_B _ 0.8431 or -0.5931

= x=cos ' [0.8431) or cos™[-0.5931)

= x=cos™ {0.8431) or 180" - cos™{0.5931) [ ooz -x) =7 - oos‘i{x]]
= x = 32232 ar x=126°23

Both 32032' and 126°23' &[0, x] such that f{c) = 0.

Hence Reolle's Theorem is verified,

Mean Value Theorems Ex 15.1 Q7
Let fx)=16—2x" then f'(x)=—2x

S [ x)is continuous cm[— 1 1] because it & a polynomial function.

Al f(-1)=16—(-1)' =15
f(1)=16—(1) =15

f(-1)=1(1)
There existsa © E[—l._l]such Lhatf'[_C:I=D
= —2c=10
= c=0

Thus, at(l £ [—1._ 1 ] the tangent iz parallel to the x —axis.

Mean Value Theorems Ex 15.1 Q8(i)



Let £(x]) = x=, then ' [x]) = 2x

f{x) is continuous on [-2,2] because itis a polynomial function,
f{x) is differentiable on {-2,2) asitis a polynomial function,

also £{-2) = (-2)% - 4
fl2)=2°=-4

= F{-2) = r{2)
There exists ce(-2,2) such that F'{c) =0

2c=10
o =10

oy

Thus, at 0 < [-2,2] the tangent is parallel to the x-axis,

e

¥=0,theny=0

Therefore, the point is (0, 0)

Mean Value Theorems Ex 15.1 Q8(ii)
Let £ {x) el o [-11]
Since, ;"'[x] is a composition of two continuous functions, itis continuous on

[-1,1]

Also f{x) = _oxel

flz)=2%=4

f'{x) exists for every value of x in {-1,1)
= ;"'[X] is differentiable on [— 111]

By rolle's theorem, there exists c¢ e [-1,1) such that £'{c) =0

Thus, at ¢ = 0e [-1,1] the tangent is parallel to the x-axis.
x=0,theny=¢e
Therefore, the point is (0, &)

Mean Value Theorems Ex 15.1 Q8(iii)



Let Fx)=12{x+1)fx - 2)

Since, f[x] iz a polynomial function, itis continuous on [—1,2] and

differentiable on {-1,2)

Also £'{x) =12[fx -2)+[x +1)] = 12[2x - 1]

By rolle's theorem, there exists ce [—1,2] such that f'[c] =0
= 12{2c-1) =10

= e

1
2

Thus, at ¢ = ée [-1,2) the tangent to y = 12(x + 1) (x - 2)is parallel to x-axis
Mean Value Theorems Ex 15.1 Q9

It is given that f:[-5.5]— Ris a differentiable function

Since every differentiable function 15 a continuous funetion, we obtain
(a) {15 continuous on [—5, 5]

(b) F1z differentiable on (=5, 5.

Therefore, by the MMean Value Theorem,there exists ¢ 0 (—5, 5) such that

1=

=>10/"(c) =/ (5)- £ (9)
It 1s also giventhat f'(x)does not vanish anywhere.

“f'(e)#0
=10f"(e)=0

i ”:,] f{q] =)
= f(5)# f(-5)

Hence, proved

Mean Value Theorems Ex 15.1 Q10



By Rolle’s Theorem, for a function f:[a, b] > R, if

(a) fis continuous on [a, b]

(b) f1s differentiable on (o, &)

@f@=7®)

then, there exists some ¢ e (a, b) suchthat f"(c)¥0

10se functions that do not satisfy any

Therefore, Rolle’s Theorem 1s not applicab
the three conditions of the hypothesis. @

@ f(x)=[x] forx[5{9] ot
; b O
It 15 evident that the givenffunctigg}%c) 15 not continuous at every integral point.
0 = N %
In particular, fxx) 15 not contufaous aggx=5andx=9
[ ) 15 not continuous in [5, 9]

Also, f(5)=[5] =5 and 1 (9) =[9] =9
~ f(5)=1(9)



The differentiability of f'in (5, 9) 1s checked as follows.

Let n be an integer suchthatn € (5, 9).

The left hand limit of / al x = n is,
f{n+.&} -/ (n) _ [n+h] | B

. I

lim =t S S D fym 2 A 2 = |lim - -
iyl ir-sil h st fy
The right hmd limit uff atx =n is,

f{n+h] j(n) [n+k]—[nl e tim " - fim 0= 0

t—HI h—m' h a0 i -

Since the left and right hand limits of fat x =n are not equal, /15 not differentiable
atx=n

[fis not differentiable in (5, 9).

It 15 observed that /" does not satisfy all the cond1t1 e hypothesis of Rolle’s

Theorermn.
c&%
Hence, Rolle’s Theorem is not apphcable f if.?}ﬁ” e[s, 9].

(i) f(x)=[x] forxe[-2, 2]
It is evident that the given funchon f (xX) 1 %contmuaus at every integral point,

‘Qx
In particular, fix) 15 not contmuous,@%— —2andx=2

J(x) 1s not continuous in [42;, @
N 4
Also, f(=2)=[=2]==2andf(2)=[2]=2
S f(-2)= 1(2)
The differentiability of fin (=2, 2) 1s checked as follows.

Let 7 be an integer suchthat ne (-2, 2).

The left hand limit of / at x = n is.
(n+h) i n) [n+k] [] n-t-n . -l

______________ = lim ———— = lim — =
#-.n h...q:l st h [
The right hand limitof f/ atx =n is,
lim j(’ﬂh) S n) = lim {"+h] {n] = llm =lim0=0

s’ LR ety (T



Since the left and right hand lirmits of fat x = are not equal, /15 not differentiable
atxr=n

Fis not differentiable in (=2, 2).

It 15 observed that " does not satisty all the conditions of the hypothesis of Rolle’s
Theorem.

Hence, Rolle’s Theorern is not applicable for f(x)=[x] forxe[-2, 2].
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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



