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Application of Derivatives

Questionl
Consider the function f : (0,00) — (—00,c0) given by

f(x) =+/xlog,(x) —x + L.

Then which one of the following statements is TRUE?
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Options:

A.

The derivative of the function f is decreasing in the interval (0, 1)

B.

The function f has a local maximum at some point a € (0, 00)

C.

The function f has a local minimum at some point b € (0, 00)

D.

The function f has NEITHER a point of local maximum NOR a point of local minimum in the interyal (0, o)

Answer: D

Solution:

We are given the function:

flz) =y/xlhz -z +1
To find where the function increases or decreases, we take the derivative:

flla)y=—L + 2z

f/(ﬂl) _ 2+ln2f/—52\/5

f'(z) = lngf/; =1



The second derivative tells us how the slope is changing:

(1) (2va)-(nz+2)( £
f”(a:) \ > " <¢ )

P =~z

Forz €(0,1), Inz < 0. Therefore,
f"(z) >0

This means f’(z) is increasing in (0, 1).

Inz+2 1 _
N 1=0

=Inz+2=2Vz
Rearranging, we define:
g(z)=2yz —lnz —2

g@) =L -1 =1L

So, ¢'(z) =0whenz = 1.

Forz < 1, ¢'(x) < 0 (decreasing), and for z > 1, ¢’(x) > 0 (increasing).
Thus, minimum value of g(z) occurs at z = 1.

Atz =1, g(1) = 2(1) — In(1) — 2 = 0.

Hence, g(x) > 0 for all z > 0.

f!(z) ==

Since g(z) > 0, we get f'(z) < 0 forall z > 0.

f'(z) = 0 only whenz = 1.

The derivative f'(x) is negative everywhere except at « = 1 where it is zero. However, the sign of the derivative does not
change around x = 1.

Therefore, the function f(x) is strictly decreasing throughout its domain, and the tangent at = 1 is horizontal but not a
turning point.

Hence, the function has no local maximum or minimum.

Question2

Let R denote the set of all real numbers. Let f: R — R be defined by

—g:c :[ Sizz ifz 0,
f(:E) = 7213 >
< ifz =0.

Then which of the following statements is (are) TRUE?
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Options:

A.

The point z = 0 is a point of local maxima of f

B.

The point z = 0s a point of local minima of f

C.

Number of points of local maxima of f in the interval [, 67] is 3

D.

Number of points of local minima of f in the interval [27,47] is 1

Answer: B

Solution:

lim f(z) = lim f(z) =

z—0+ z—0~

since 3 > ; = 3> f(0)

= x = 0 is local minima ....option (B) is correct

Now,

_ bz +sinz 4z
Hz) = 22 +sinz * 2z +sinz
, 4[(2z +sinz) -1 —x(2+ cosz)]  4(sinz — x cosx)
F @)= (2z + sinz)? - (2z + sinz)?
4cosz(tanz — )

(2z + sinz)?

4

BV Eal
q 4/

.II ,.fJ: ,_,r.-" .

//‘ Il/_f 15 .

HIARY
[HERN | i | | | |
| | i
Il 1 Il Il Il } + 1 I + 1 |
R 32 7 xr gm0 now Tal A7 e 92 5T ome 902
RUEENE] aLima AN Y MrIma AN

Sipnaff'ix)

Options (C) & (D) are also correct.



Question3

Let
a =Y sin* (T)
k=1
Let g: [0,1] — R be the function defined by
g(w) — 9oz 9a(l—z).

Then, which of the following statements is/are TRUE ?
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Options:
A.The minimum value of g(x) is 2%

. . 1
B. The maximum value of g(x) is'1 + 23

C. The function g(x) attains its maximum at more than one point
D. The function g(z) attains its minimum at more than one point

Answer: A

Solution:

Given,

a

=Y sin® (%)
k=1

= sin? (%) +sin? (%) + sin® (%) .. ...

This is a infinite G.P.

2w
sin-\ g

L= 1—sin2(%)

-
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cg(z) =27 + 2509

Given z € [0,1]



We know,
AM > GM

For27 and 23(1-2) both are positive in z € [0, 1]

= 2% +270-9) > 2.2%
= g(z) = 27
We know, AM = GM when terms are equal.

sg(z) = 2% when

2% — 93(1-2)
z _ l1l-=z
=3 =3
=2r=1
1
:>x—7

1
LAtz = 5, [g(@)],,, =2
.. Option (A) is correct.
And option (D) is wrong as at only at a single point £ = %, g(x) is minimum.

Now, g(z) = 2% + 23(1-2)

o.g'(z) =27 .log2. +27.2°% . log2. (—%)

2 1
= %log2 [23”3}
We already found that at z = £ g(z) is minimum.

. _ 1
g =0atz =35

Now, ¢'(z) >0 when

2

%log [2?—2

z
23

ol

]>0
= 2% > 2%
2z 1
=3 >3
1
:>CE>§

Similarly, ¢'(z) < 0 whenz <



If we put it in number line we get this

|

|
1

2

We know ¢'(z) represent slope of curve g(z) and it is negative when z < % and positive when > % and zero when

o=

Tr =

.. Graph of g(x) is

0 = X

From graph you can see value of g(z) is maximum either at« = 0 or z = 1 in the range z € [0, 1].
.g(0)=2"+28 =123

g(1) =25 420 = 1425

.. We get maximum value at z = 0 andz = 1 both.

.. B and C options are correct.




