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EXERCISE - 1V HINTS & SOLUTIONS
Sol.1  Logarithm functionis continuous & differentiable  Sol.3  Let f(x) = ax"+ax"~' + ......... a _, X

in its domain.

for 0 <a < b; f(x) is continious & differentiable

a(a+h)

a(a+h)

f(a) = log (

Hence f(a) = f(b)

J=Iogl=0 &f(b)=0

f(x) has two roots 0 & a.
f(x) is continuous & differentiable, an f(x) is a
polynomial so rolle’s theorem is applicable :

f’(x) = 0 for some ¢ < (0, a).

so rolle’s theorem is applicable Sol.4  f(x) = 1/x

Sol.2 Consider f(x) = 3x? + px — 1

f(x) is continious in [-1, 0) U (0, 1]
& also differentiable in [-1, 1] — {0}

f(x) is a polynomial function & hence

continuous & differentiable in (-1, 1).

so Lagrange’s mean value theorem is not

f(—1) & f(1) has opposite sign appeicable in [-1, 1]
hence at last one root b/w (-1, 1)
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Sol.5 Letf(x)=x3 ()
f(x) is continuous on [a, b] & differentiable Sol.9 Leth(x) = o)
on (a, b).
so using LMVT in (a, b) Let o & B one two roots of f(x).
so o & B one roots of h(x) also.
f(b) —f(a) b3 _3a3 f(x) & g(x) both ne continuous & differetiable so
fllcy=—"——— = 3c?= h(x) is al
b_a b-a (x) is also.
&h(a)=h(B)=0
2 —n2 2
= 3¢f=at+ab+b so rolle’s theorem is applicable in [a, ]
let g(x) = 0 in (a, B)
Sol.6 - Letf(x) =x . - so h'(x) = 0 for x e (a, P)
f(x) |s_ continuous & differentiable in [a, b] = g'(x).f(x) = F(x).g(x) = 0
so using LMVT but g’(x) .f(x) - f'(x) g(x) 0 (given)
so g(x)=0in (o, B)
a"-p" .
fllc)= ——— ... (i) so g(x) has atleast one root b/w any two roots of
a-b
f(x).
a<C<b = an—1 <Cn—1 < bn—1
so nb"-"(a—b)<a"—b"<na"-'(a—b)ifn>1 Sol.10 Iffis continuous in [a, b]
If 0 < n < 1 then inequalities will be opposite & differentiable in (a, b) then
sense there exist x; € (a, b)
such that
Sol.7 f(x) is continious on [0, 1] & differentiable on (0, 1) Fi) = f(b)—f(a) _
£0)=f(1) =0 6= ®
so using rolle’s theorem
oy _ ) b.f@ . .
f’(x) =0 for some x € [0, 1] using f(b) = a in (i)
f /(x) = sin nx + x con (1/x) (—n/x?) = 0
= tan n/x = n/x & leta=x,
xe0,1);x<1 = 1Ix>1 = nwx>=n f(Xg)
= /X e (TC, (X)) then f (XO) = _f(XO)
so infinite solution
Sol.11 f(x) = (x—a)" (x—b)"
As f(x) is a polynomial, f(x) is continuous in [a, b]
also f(x) is differentiable in (a, b) & f(a) = f(b)
sorolle’s theorem is applicable for f(x)
Sol.12 fis continuous in [a, b] & differentiable in (a, b)
so there exist some c¢ such that
Sol.8 f(x) is continuous & differentiable
also (x + 1) is continious in (0, 5) f'(c) = fby-f) (i)
& differentiable in (0, 5). b-a
also f(b)—f(a)>0&b—-a>0
f ,
S0 g(x) = _x(i(?L is also continious so f’(c) >0 for some ¢ < (a, b)
Sol.13 f(x) = 4x®—3x2—-2x + 1

in [0, 5] & differentiable in (0, 5).
so there will be some ¢ € (0, 5)

5)-g(0 5
egio= 3090 g2

f(x) is continious in [0, 1] & differentiable in
(0, 1), as f(x) is a polynomial also f(0) =1 &
f(1) =0.

so there will be some ¢ € (0, 1) i.e. f(c) = 0.
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Sol.14

Sol.15

() Letf(x) =tan x —x
f'(x) =sec?x—1>0 forx € (0, n/2)
so f(x) is a increasing function
so f(x) > f(0)
hencetan x — x>0 = tan x> Xx
(b) asin (a).
Let f(x) = e*. f(x)
f(a)=f(b)=0
& f(x) is continuous and differentiable in (a, b)
so rolle’s theorem is applicable

sof’(x) =0 forsome x € (a, b) = af(x) +f’(x) =0.

Sol.16

Sol.17

Sol.18

Sol.19

Sol.20

f(x) should be continious in [0, 2]
& differentiable in (0, 2).
sof(0*)=f(0) = a=3
f(1)=f(1") > 5=m+b
f'(1)=f'(1") > m=1&b=4

f(x) = £ 5 (for bonding function)
= f(x) =2 (5x + c)
f(-2)=1 = f(x) =+ (5x + 9).

Let h(x) = f(x) — g(x)
h'(x) =f'(x) - 9'(x)
h(x) is also continious & differentiable for all x > 0.

h(x) —h(0)
-0
soh(x)—h(0)<0=h(x)<h(0) - f'(X)—g'(x) <0
= f(x) —g(x) <0 =1f(x) <g(0) {- f(0) = g(x)}
Inallx>0

using LMVT ; h'(x) = &h(x) <0

f(x) is continious on [a, b] & differentiable on (a, b)
so using LMVT ;

f(b) —f(a)
b-a
for some C, & C, < (a, b) using (i)

f'(C)+f(C)=2

f'(C) =

f(x) & f '(x) are differentiable & continuous in [0, 1]
for f(x) there will be some ‘c’ € (0, 1) i.e. f'(c) =0
Case-1:x=cthen

f'¥)=f(c)=0 = [f'X)]=[0]=0<1
Case-2:x>c¢, by LMVT in [c, X]

f'(x)-f'(c)

X—C
f'(x) = (x=c)f ()

=f"(a)forc<a<x

(- 119=0}

Sol.21

Sol.22

Sol.23

Sol.24

0l =1(x =)l . [f “()|
xel0,1]&ce(0,1) = [x—c|<1&

f"x) <1V x(0,1).
soff'(x)] <1V xel[0,1]
Case-3: If x <cthen
f'(c)-f(x) _
c-x
= |f'(X)|<1 so |f'(x)|]<1forallx e [0, 1].

f*(e) = 1= F0I = Ic — x| If ()]

Let h(x) = f(x) — 3g(x)

h(x) is continious on [0, 1]

& differentiable on (0, 1).

h(0)=5&h(1) =5

so rollis theorem is applicable for h(x) in [0, 1]
i.e. some c € (0, 1) such that h(c) =0

= f'(c)-3g'(c) =0 = f'(c)=34d'(c)

By LMVT
g fd)-f@) .,  _ ¢b)-d)
floy="p—5 +9¢@="—"7"
o w(b)-wy(a)
\v(C)——b_a

By expanding the determinant

f(a)
o(a)
y(a)

f(b) f'(c)
®(b) ¢'(c)
v(b) v'(c)

f(@) [o(b) w'(c) — ¢'(c) w(b)]
—f(b) [4(a) w'(c) — w(a) $'(c)]
—f'(c) [¢(a) w(b) — w(a) ¢(b)]
by puting the value of f'(c), ¢’(c) & y'(c)
and will get the value equal to zero

=

Let f(x) = x2 — x sin x — cos X
f(x) = 2x — sin x — x cos X + sin x
f(x)=x(2—cosx)=0 = x=0
©] <€)
0
f(0)=-1
-1

Two real value of x possible where f(x) =0

Using LMVT
f'(x) = “Z)__—(f_(;)a) =1 so f'x)=1

= f(x)=x+c
c=0 sof(x)=x
hence ; f(0) =0
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