RateMeasure Approximations &
Increasing-Decreasing Functions

1 Marks Questions

1. The amount of pollution content added in air
in a city due to x diesel vehicles is given by
P (x) = 0.005%> + 0.02x* +30x.

Find the marginal increase in polilution
content when 3 diesel vehicles are added and
write which value is indicated in the above
question? Delhi 2013: Value Based Question

Given, P(x) = 0005x° + 002x? + 30x

On differentiating both sides w.r.t. x, we get
P’(x) =3 x 0.005x* + 2(0.02)x + 30
On putting x = 3, we get |
P’(3) =3 x 0005 x9 + 2(002) 3) + 30
=0135+012 +30=30.255(1/2)
Pollution content in the city increases with

the increase in number of diesel vehicles.
(1/2)

2. The total cost C(x) associated with provision
of free mid-day meazls to x studeiits of a
school in primary classes is given by
C(x) = 0.005x° ~002x° +30x+ 50.
if the marginal cost is given by rate of

change %E of total cost, then write the
X
marginal cost of food for 300 students. What
val.e is shown here?
Delhi 2013C; Value Based Question

Get More Learning Materials Here : & m @&\ www.studentbro.in



Given, C(x) =0005x° — 0.02x% + 30x + 50

On differentiating both sides w.r.t. x, we get

‘:TC —~ 0.005(3x2) - 002(2x) + 30
X

=0015x% —004x + 30

On putting x = 300, we get

.C;E =0015(300)* — 0.04(300) + 30
X

=1350-12+30=1368 (1/2)

By providing free mid-day meals to students of
primary classes, care and concern is shown
towards their health and nutritional status.(1/2)

3. The money io be spent for the welfare of the
employees of a firm is proportional to the
rate of change of its iutal revenue (marginal
revente) :

If the totai reventue (in ?) received from the
sale of x units of a product is given by
R(x) = 3x% + 36x + 5, then find the marginal
revenue, when x = 5 and write which value
does the gu#=stion indicate.

All India 2012; Value Based Question

We know that, marginal revenue is the rate of
change of total revenue with respect to the
number of units sold.

. Marginal revenue (MR) = ok
dx
0 3
=—(3x“ + 36x + 5)=6x+ 36

dx
When x =5, then

MR =6(5)+36 =30+ 36 =66
Hence, the required marginal revenue is T 66.
(1/2)

More amount of money spent for the welfare
of the employees with the increase in marginal
revenue. (1/2)
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4 Marks Questions

4. Find the intervals in ‘-“—-fhéE!1 T T—
flx) =3x" — 4x7 — 12x° + 5is

(i) strictly mcreasing.
(ii} strictly decreasing. Delhi 2014
Given function is
f(x) =3x* - 43 —12x2 +5
On differentiating w.r.t. x, we get
f () =12x —12x% — 24x (1)

On putting f"(x) =0, we get
12 —12x* - 24x=0
12x(x* = x-2)=0
12x[x* -2x+x-2]=0
12x(x+17(x=2)=0
x=0,-1or2 (1)

Now, we find intervals in which f(x) is strictly
increasing or strictly decreasing.

F=12xx+D

L 4 4l

Interval (x —2) Sign of f'(x)
x<=1 = (EE e
~1<x<0 WA +ve
0<x<2 | WHE | -ve

_X>2 L e +ve

i

We know that, a function f(x) is said to be
strictly increasing, if f* (x) > 0 and it is said to be
strictly decreasing, if f’(x) < 0. So, the given
function f(x) is

(i) strictly increasing on the intervals [-1, 0]

and [2, o).
(ii) strictly decreasing on the intervals (—eo, — 1]
and [0, 2]. (2)
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5. Find the jntervals in which the function given

a’_l. 2
by Bt et = b = 20K 4 e
10 5 5
(i) strictly increasing.
(i) strictly decreasing All Indlia 2014C
Given function is
4
=3 A 302, 36x 4,
10 5 5
On differentiating both sides w.r.t. x, we get
: 12x  12x?
f(x) = L P L (1)
10 5 5
On putting " (x) = 0, we get
12 12
3 o B 36 _0
10 5 5
6
g-(x-1)(x+2}(x—3):0
=3 X—1=0o0rx+2=0
or Xx—3=0
= x=-2,13 (1)

Now, we find intervals in which f(x) is strictly
increasing or strictly decreasing.

 P=Su-n |
Interval 5  Signof f(x)
a (x + D(x - 3)

(—°°2] ( )( -) ( ) —ve
1 (=) (+) () +ve
N3 | HHE _ve
[3, o) (+) (+) (+) + ve

We know that, a function f(x) is said to be
strictly increasing, if f” (x} > 0 and decreasing, if
f'(x) < 0. So, the given function f(x) is

(i) strictly increasing in [-2,1] U [3, ).

(i) strictly decreasing in (-0, — 2] U [1,3].  (2)
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6. Find the value(s) of x for which
y = [x(x—2)?]is an increasing function.
All India 2014
Given function is y = [x(x — 2)]2 = [x* - 2x]°

On differentiating w.r.t. x, we get

dy _ (x% — 2x) da (x* — 2x)
dx dx

=2(x? = 2X) 2x =2) = 4x(x — 2) (x = 1) (1)
On putting g"—’-l— =0, we get
dx

Ax(x - 2)(x=1)=0
- x=0,1and 2 (1)

Now, we find interval in which f(x) is strictly
increasing or strictly decreasing.

Interval S:gn of f(x) Nature of y(x)

(—oe, 0] (—) (-) (w) =—ve | Strlctly decreasing

[0,1] , (+) () (=) =+ ve Strictly increasing
(1, 2] (+) () (+)=—ve Strictly decreasing

[2, o) :é{+)( )(+) + ve éStnct!y sncreasmg

EREPHREN

Hence y is increasing in [0 1] and [2, =), i.e.

x € (0,1) and (2, ). (2)
7. Using dsfferent:als find the approximate
value of (3.968)” Delhi 2014C

Lmy=ﬂm=uﬁz

On differentiating both sides w.r.t. x, we get

£(x) = 3 2 (1)
¥
Let x=4 and x+ Ax=3.968
Then, Ax =-0.032 (1)
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Now, f(x + Ax) = f(x) + f" (x)Ax

(x + A2 = (0% + —;— ("2 .(=0.032) (1)

= (4-0.0322 = (4** + % -(4"2.(-0.032)

—~  (3.9682=8+ % .2.(=0.032)

=8 -0.096 =7.904 (1)

8. Find the intervals in which the function
fl)= i x* —4x> — 45x% + 51is

(i) strictly increasing.
(ii) strictly decreasing. Foreign 2014C
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Given function is

f(x)=—§x4 i A

On differentiating w.r.t. x, we get
f(x)=6x> —12x* ~90x
=6x(x* —2x —15) )
Now, on putting f’(x) =0, we get
6x(x* —2x-15)=0
=5 6x(x* —5x+3x~15)=0
= 6x(x-5)(x+3)=0

= x==3,0,5 (1)
Now, we find intervals in which f (x)is strictly
increasing or strictly decreasing.

oo i AL LR RS Smh

Tinterval | £(x) = 6x(x — 5)(x + 3)| Sign of £'(x)
e i Wi e i b e e e PrAE .....!..... a5 e i e e R AR 0

(o0, =31 CIGIS e
[-3,0] | () (=) (+) O +ve
(0,51 (+) (9 (+) -
[5,00) (+) (+) (+) : + ve

(M
We know that, a function f(x) is said to be
strictly increasing, if f”(x) >0 and decreasing,
if f/(x)< 0. So, the given function f (x) is

(i) strictly increasing in [-3,0] U [5, =).
(ii) strictly decreasing in (—ee, — 3] U [0, 5). (1)
9. Find the approximate value of f(3.02), upto

2 places of decimal, where f(x) = 3x” + 5x +3,
Foreign 2014
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(? Flrstly, spht 3 02 into two parts X and Ax, S0 that
i * x+ Ax=3.02 and f(x + Ax) =f(3.02).
~ Now, write f(x+ Ax) =f(x) + Ax-f'(x) and use
thIS result to find the requ:red value. |

Given function is f(x) = 3x* + 5x + 3

On differentiating w.r.t.x, we getf’ (x) = 6x +5
Let x =3 and Ax=0.02 (1)
So that f(x + Ax) = f(3.02)

By using f(x + Ax) = f(x) + Axf’(x), we get
f(3.02) =3x* +15x+ 3 + (6x + 15) - Ax (1)
=33)% +15(3) + 3 + [6(3) + 15](0.02)(1)

=27+ 45+ 3+ 33(0.02)
=75+0.66 =75.66
Hence, f (3.02) = 75.66 (1)

10. Using differentials, find approximate value of
&9 5, Delhi 2012
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f'“ ) Flrstly, dwude 49 5 mto two parts as x= 49 and
" Ax=0.5.Now, let y=+/x and find =2 dy . Finally, ﬁnd

dx
Ay using the formula dy=§z Ax.
X
Let x=49, Ax=0.5 and y = vVx
On differentiating both sides w.r.t. x, we get
dy 1
—=—F (1)
dx 24x |
dy 1 1 1
Atx = 49, = (1)
[ x]x_4g 2749 2x7 14
We know that, dy = i Ax
dx
A L N 1 ) (1)
14 140 28
495 ~y+ Ay =49 + — = 7+é
sealas A9 =
=1‘96+1:197:7,'035 )
28 8

Hence, approximate value of v49.5 is 7035.

11. Aladder 5 m long is leaning against a wall.
Bottom of ladder is pulled along the ground
away from wall at the rate of 2 m/s. How fast
is the height on the wall decreasing, when
the foot of ladder is 4 m away from the wall?

HOTS: All india 2012
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Q? The ladder when Ieanmg against the wall formsa
f right angled triangle with length of ladder equal |
to the hypotenuse of the triangle and base and |
altitude equal to the distance of foot from wall |
and distance of top from ground. Further, use °
the Pythagoras theorem to make an equation
and then dtfferentlate It '

Let AC be the ladder, BC =% and height of the

wall, AB=y.
A \
y S5m
‘I"_]
< X >
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As the ladder is pulled along the ground away
from the wall at the rate of 2 m/s. So,

i =2m/s
dt
To find %{, when x = 4. (1)
In right-angled AABC, by Pythagoras theorem,
we get
(AB)* + (BC)* = (AC)*
== x2 +y2 =25 saekl)
=, (4% +y%2 =25
= 16 +y*=25=y2=9
= -
o y=3 (1)
On differentiating both sides of Eq. (i) w.r.t. ¢,
we get
dx dy dx dy
2X —+2y—=0= x—+y-—~- =
de dt di dt

[dividing both sides by 2]
On substituting the values of x, y and —3—:, we

get

=} 8+3><d—=0 (1)

Hence, height of the wall is decreasing at the
rate Of% m/s. (1)

NOTE In a rate of change of a quantity, +ve sign
shows that it is increasing and —ve sign shows that
it is decreasing,
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12. Show thaty =log(1l + x) - ;j x>—1isan
4 X

increasing function of x, throughout its

domain. Foreign 2012
A - 2X
Given function isy = log (1+ x) — .
24 x

On differentiating both sides w.r.t. x, we get
dy _ 1 g 2+%-2-2x1

dx_m1 - ah (1)
_ 1 442x-2x
T14x (24 x)2
CR+xP-41+x
A+ Q2+ %2
B 4+ x% + 4x — 4 — 4x
A+ 02+ %
2
. — ()
T+ x) (2 +x)
(1'%)
Now, x2, 2 +x?% are always positive, also
1+ x>0forx> -1 (1/2)
From Eq. (i), dy > 0 for x> —1.
dx
Hence, function increases for x> — 1. (1)

13. Find the intervals in which the function given
by f{x}=sinx+cosy, 0<x<2nis
{Ii} increasing. (i} decreasing. Dethi2012C
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Given function is f(x) = sin X + COs X

On differentiating both sides w.r.t. x, we get
i'(x) = cosx — sinx (1)

Now, put f(x)=0

= cosx—sinx=0= tanx=1

- g T OB b el O (1)
4’ 4

Thus, f’(x)=0 in [0, Z:l, f/(x)<0 in [E E_TE]

and f’(::c)EOirﬂn[STR 211:} (1)

Hence, the function is
(i) increasing in | 0, T land —S—E,ZR].
4 4

(i) decreasing in [% 54’5] 1)

14. Find the intervals in which the function given
by f(x}) = x* —8x7 +22x* = 24x + 21 s

(i) increasing.
(i) decreasing All Delhi 2012C
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Given function is
f(x) = x* —8x +22x% - 24x + 21
On differentiating both sides w.r.t. x, we get
f/(x) = 4x° — 24x% + 44x — 24
= 4(x> = 6x* +11x — 6)
= 4(x — 1) (x* = 5x + 6)

=4x —1) (x — 2} (x -3) (1)
Put f'(x)=0
4(x-N(x-2)(x-3)=0
— BT 2 3
So, the possible intervals are
(—o, 11, [1, 2], [2, 3] and [3, o). (1)

For interval (— o0, 1], f/(x)<0
For interval [1, 2], f'(x) =0
For interval [2, 3], f'(xX) <0

For interval [3, ), f’(x)=0
(i) Function increases in [1, 2]and [3, ). (1)

(ii) Function decreases in (— =, 1]and [2 3].
(1)

15. Sand is pouring from the pipe at the rate of
12 ¢cm?/s. The falling san¢ forms a cone on a
ground in such a way that the height of cone
is always one-sixth of radius of the base. How
fast is the height of sand cone increasing
when the height is 4 cm? Delhi 2011
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Let V be the volume of cone, h be th_ height
and r be the radius of base of the cone.

Given, c;—\:=12cm3/5 () (1/2)

Also, height of cone =1/6
(radius of b.>e of cone)

h:%r or r=6h ...lii) (172)
We know that, volume of cone is given by
V=21 mh | (i)
3
On putting r = 6h from Eq. (ii) in Eq. (iii), we
get . ,
V=—n(h?-h = V=".36h
3 3
= V=12nh (1
On differentiating both sides w.r.t. t, we get
WV wan?. o0
dt dt
W Skt <0 (1)
dt dt
. dVv 3
On putting iy =12 cm’/s and h=4 cm, we
get
12 =36n><]6><9'—11
dt
dh 12
— —
dt 36mx16
= o el cm/s (1)
dt 48w

Hence, the height of sand cone is increasing
at the rate of 1/48w cm/s.
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4 sin®

16. Prove thaty = —@is an increasing

2 +cos0

function in [0, %] . All India 2011

\) To prove that gwen function is mcreasmg, prove |

that ¥ > 0 for alle.

Given function is y = L 0 (i)
2 + cos9

We know that, a functiony = f(x) is said to be an

: . .
increasing function, if E}i >0, forall values of x.
X

On differentiating both sides of Eq. (i) w.r.t. 6,
we get

— —

(2 + cos B_) X % (4 sin Q)

q —4sin6><--q- (2 + cos 6)
y _L do -1 (1/2)

de (2 + cos §)
(24 ¢c0s6) (4 cosB) —4sinB(0 —sin 6)
(2 + cos 0)?

8 cosB + 4 cos? 0 + 4sin’ © ]
l: — (2 + cos 8)°
(2 + cos 8)*

8 cos O + 4 (cos’ 8 + sin” ©) ]
[ — (4 + cos® © + 4 cos 0) )
(2 + cos 8)*
[ (a+ b)? = a% + b? +2ab]
8050+ 4—4-cos’0—4cos
- (2 + cos®)?

L

-1
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[ sin®@+ cos’8 =1]
_4cosO - cos* 8
(2 + cos 8)?
dy cos6(4 - cosB)
o (2 + cos 0)?

(1)

Now, as cos86=>0,V 08e [0, g—]

and (2 + cos0)? being a perfect square is

always positive for all 6 e [O, ﬂ ;

Also, for8 e [O, g], we know that,

0<cosB<1.

4 — cos9> 0 for all Be[O, g]

Hence, we conclude that
c0s 6 (4 - cos6) | 0Vee |:0, g_]

(2 + cos 9)?
- d—"zo,vee[o,ﬁ].
do 2

Hence, y is an increasing function in [0, g] (1%2)

17. If the radius of sphere is measured as 9 cm
with an error of 0.03 cm, then find the

approximate error in calculating its surface
area., All India 2011

Get More Learning Materials Here : & m @&\ www.studentbro.in



Let S be the surface area, r be the radius of the
sphere.

Given r=9cm.
Let dr = Approximate error in radius r
and dS = Approximate error in surface area

Q)]

Now, we know that surface area of sphere is

iven b

& ’ S = 4nr?

On differentiating both sides w.r.t. r, we get
EJE=4*fc><2r=8:fw (1)
dr

—— dS =8mr-dr

= dS=8nx9x003
[r=9cmanddr=0-03cm]

= - dS=72x0-03n

== dS=216m |

Hence, approximate error in surface area is

216 cm’. )

18. Find the intervals in which the function
f(x) =sin x + cos x,0< x < 2m is strictly
increasing or strictly decreasing.
HOTS; Foreign 2011; All India 2009
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2 For strictly decreasing function, f*(x)< 0 and for
*  strictly increasing function, f_’(x) >0, !

|
The given function is
f(xX) =sinx+cosx,0<x<2n
On differentiating both sides w.r.t. x, we get
f’(x) = cos x ~ sin x (1
On putting f'(x) =0, we get

cosx—sinx=0

= COS X = SIN X
sin X
= 1=
COS X
N I=tan x
T
= tan x = tan —
4
51
or tan x = tan —

tanE=1andtan§£=1
4 4

:'c=E or — (1)
4 4

Now, we find intervals and check in which interval f(x) is strictly increasing or strictly decreasing.

Interval ! Test value ; fix)= cosx — sin x | Sign of f'(x)
H - 5 -1 .i
0-::x<E i Atx:E cos * —sin ™ = 3—]=*"13 ! +ve
] | 6 6 2 2 2 !
|
E{x-::r‘ii i Atx= T :c05£—5in£=0-1=—l : —ve
L &l 2 I 2 2 |
% ex<2n | Atx=3% | 08 2% —sin 2 <0 —1) <1 +ve
4 2 : 2 2

S SRR o St e e
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Since, f’(x)>0 for0<x<g and 5%‘: X<2H .,

so f(x) is strictly increasing in the intervals
(o,—g] and (5; 2-.-;) While f()<0 in

%..; X< 57117 , so f(x) is strictly decreasing in the
interval (E EE) (2)
4" 4

NOTE When we check that function f* is
increasing/decreasing in an interval, we take any
value in that interval and put them in function f’
and check whether it is positive/negative.

B B omry B e ‘b'"—__ o e wm e

19. Show that the function f(x) = x° —3x.2 + 3X,

x € Ris increasing on R. All India 201 iC
We know that, a function y = f(x) is said to be
increasing on R, if ‘; >0,VxeR (1)
X

Given, y = x* - 3x* + 3x

On differentiating both sides w.r.t. x, we get
dy dy

T =3x?-6x+3 = L =3(x*-2x+1)
ax dx
= ¥ o312 (1)
dx
Now, 3(x — 1) > 0 for all real values of x, i.e.
¥ xeR
ﬂ >0,V xeR
dx
Hence, the given function is increasing on R.

(2
20. Find the intervals in which the function

flx)=(x —1)° (x = 2% is
(i) increasing. (ii) decreasing.  Allindia 2011C
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Given, f(x) = (x = 1)* (x — 2)*
On differentiating both sides w.r.t. x, we get

f%m=4x—n?fiuéaﬁ (x—2)°. o

—_ 1

ax dx =1y

[ d dv du
—{uv) =

dx dx dx

=172 (&~ 24+ {x—-2%-3(x~1)
=(x-1D2x=-2DR2Kx=1+3(x-2)]
e —1)° e =D {2%~ 24 3%— 6)
= f () =(x—-1%x~-2)5x - 8)

Now, put f'(x) =

= (x-1N2(x-2)(5x-8)=0

Either x -1)2=00rx—2=0 or 5x—8=0

a2 (1)
5

=% Fix) =

Now, we find intervals and check in which
interval f(x) is increasing and decreasing.

Ef" : i 1 2 ;
Interval =gl : Sign of f'(x)

 x-2(x-8)
<l M  ae
1< x<§ (+) (=) (=) +ve
Bex<2 | WAW | e
5 X>2 CmEE e
l (1)

We know that, a function f(x) is said to be an
increasing function, if f’(x) > 0 and decreasing,
if f’(x) <0. So, the given function f(x) is

increasing on the intervals (—eo,1] [1, %:I and

e
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(2, o] and decreasing on E__:— ) 2J. (1

Since, f(x) is a polynomial function, so it is
continuous at x =1, = 2. Hence, f(x) is

(ii) increasing on intervals (—ee, 1], [1, %] [2, o).

(ii) and decreasing on interval E , 2]. (1)

21. Find the intervals in which the function
f(x) = 2x> +9x* + 12x + 201is

(i) increasing. (i) decreasing.  Delhi2011C

Get More Learning Materials Here : & m @&\ www.studentbro.in



The given function is
f(x) = 2% +9x* +12x + 20
On differentiating both sides w.r.t. x, we get
f/(x) =6x% +18x +12
Put f'(x) =0, we get
6x° +18x+12=0
6 (x* +3x+2=0
6(x+1{x+2)=0
x+D{x+2)=0
x+1=0
x+2=0
_ x=-2,-1 (1)
Now, we find intervals and check in which
interval f(x) is increasing and decreasing.

S

Interval  F(x)= 6 (x+1)(x + 2) Sign of £(x)

X<-2 (+5(=3=3 +ve
-2 < x<—1 | (+)(=)(+) —Ve
x> —1 (+){+)(+) +Ve

We know that, a function f(x) is said to be an
increasing function, if f’(x) = 0 and decreasing,
if f/(x) <0. So, given function is increasing on
intervals (—eo, — 2] and [-1, =) and decreasing
on interval [-2, —1]. (1)
Since, f(x) is a polynomial function, so it is
continuous at x = -1, — 2.

Hence, given function is

(i) increasing on intervals (—e, — 2] and [-1, o).
(ii) decreasing on interval [-2, — 1], (1
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22. Find the intervals in which the function
f(x) =2x> = 9x* + 12x -151is
(i) increasing. (ii) decreasing. Delhi 2011C

The given function is
f(x) =2x* —9x* +12x—15
On differentiating both sides w.r.t. x, we get
f(x) =6x> —18x +12
On putting f’(x) =0, we get
6x* —18x+12=0

= 6 (x’ —3x+2)=0
=5 6x-1)(x-2)=0
=5 x—1=0o0rx—-2=0
il D (1)

Now, we find intervals and check in which
intervals f(x) is increasing or decreasing.

Interval f(x)=6{(x -1)(x - 2) Sign of f(x)

x<1 | (+)(-))  tve
1<x<2 | (+)(+)(-) —ve
X2 (+)(+)(+) +ve

Now, we know that, a function f(x) is
increasing when f’(x) >0 and it is decreasing
when f’(x)<0. So, the given function is
increasing on intervals (—eo, 1) and (2, =) and
decreasing on intervals (1, 2). (1)
Since, f(x) is a polynomial function, so it is
continuous at x =1, 2.

Hence, given function is

(i) increasing on intervals (—e, 1] and [2, ).
(ii) decreasing on interval[1, 2] (1)
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23. Find the intervals in which the function
f(x) = 2x> — 15x? + 36x + 17 is increasing or

decreasing. All India 2010C
Do same as Que. 22.
[Ans. Increasing on (—,2] and [3, ) and
decreasing on [2,3].]
24. Find the intervals in which the function

fix) = 2% —9x* + 12x + 151s

(i) increasing. (i) decreasing.

All India 2010C, 2008, 2008C

Do same as Que. 22.
[Ans. (i) Increasing on (= <o, 1] and [2, <o)

(i1) Decreasing on [121]]
25. Find the intervals in which the function

f(x) = (x— 1) (x— 2)* is increasing or

decreasina. All India 2009C
The given function is f(x) = (x = 1) (x — 2)°

On differentiating both sides w.r.t. x, we get

d ;
Fr0=(x—1 x —(x—2)
(x )xdx{:\ )

4 (x = 2)* x L] (x —1)(1)
dx

=  FR=Kx-12x=2)+((x-2)°"-1
= Fr)=2(x—-1)(x=2)+(x—2)°
=(x—2)2x—2 +x- 2]
— fF/(x)=(x—-2)3x— 4
On putting f'(x) = 0, we get
(x—2)3x—-4=0

= x—2=0
or 3x—4=0
4

X = - 0r 2 1

=3 (1)

Get More Learning Materials Here : & m @&\ www.studentbro.in



Now, we find the intervals in which f(x) is
increasing or decreasing.

s

Cintenval | £0) =(x-2Bx - 4) | Signof )
LA A e
A ex<2 (=) (+) —ve
x>2 WL e

(1)
We know that, a function f(x) is said to be an
increasing function, if f’(x) > 0 and a decreasing
function when f’(x) £ 0.So, f(x) is increasing on
(-— oo, -g) and (2, o) and decreasing on (g ; 2) ;
Since, f(x) is a polynomial function, so it is
continuous at x = 4/3 and 2.

Hence, given function is increasing on

intervals (—w, ﬂ and [2, «) and decreasing on
interval [;’ 2il. (1)

26. Find the intervals in which
f(x) = x> — 12x* +36x + 17 is increasing or
decreasing function. Delhi 2009C
Do same as Que. 23.

[Ans. Increasing on (—,2] and [6,) and
decreasing on [2,6].]
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2. The length x of a rectangle is decreasing at
the rate of 5 cm/min and the width y is
increasing at the rate of 4 cm/min. When x =8
cm and y = 6 cm, find the rate of change of

(i) the perimeter. (ii} area of rectangle.
HOTS:; All India 2009C

) Usmg the relatuon penmeter of rectangle
¢ p=2(x+y) and area of rectangle, A=xy,
differentiate both sides with respect to t and put

them in rate of change value and get the result.

Given that length x of a rectangle is decreasing

at the rate of 5 co/min.

dx = — 5 cm/min okl

dt

Also, the breadth y of rectangle is increasing at
the rate of 4 cm/min.

gy = 4 cm/min (i) (1/2)

dt
(i) Here, we have to find rate of change of
perimeter, i.e.dP/dt (1)

and we know that, perimeter P = 2 (x +)
On differentiating both sides w.r.t. t, we

get
ab 5 ( dx dy)
dt dt dt

28. Find the intervals in which the function f
1,
given by f(x) = x° +—— xElis

(i) increasing.
(i) decreasing. Delhi 2009C
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; 1
Given function is f(x) = x* + L x#0
On differentiating both sides w.r.t. x, we get
f/(x) =3x* - —31 (1)
X
On putting f’(x) =0, we gel
| 3 - 3x° -3
3¢ - a= = —=0
A 34
= 33 -3=0 = I =3
= =1 = , g

v W6 _ b 6 _(_1\6
[. =(1)° and x —(1]]“)

= x=1 and X=-1

Now, we find intervals in which f(x) is
increasing or decreasing.

e 2 e :

Interval f'(X}=§-¥X 4_ 3 ~ Sign of f(x)
x<—1 | (+) +ve
| (+) '
-1< x<1, (_“) - Ve
x#0 (+)
x>1 ) +ve
? (+)

Now, we know that a function f(x) is increasing
when f’(x) >0 and it is said to be decreasing
when f’(x) < 0.S0, f(x) is increasing on intervals
(—oo, — 1) and (1, ) and it is decreasing on
(-1, 1)-{0}.

Also, f(x) is continuous at x =1 —1

Hence, f(x) is

(i) increasing on intervals (—eo, — 1] and [1, o).
(ii) decreasing on interval [-1, 1] — {0}. 1)
29. If f(x) = 3x” + 15x + 5, then find the

approximate value of f(3.02) using
differentials. Delhi 2008C

Do same as Que. 9. [Ans. 77.66]
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6 Marks Questions

30. Prove that the function f defined by
f(x) = x* — x + 1 is neither increasing nor
decreasing in (1, 1). Hence, find the intervals
in which f(x) is

(i) strictly increasing. (ii) strictly decreasing.
Delhi 2014C

2

Given function is f(x) = x* — x + 1 (1)

On differentiating w.r.t. x, we get

f'(x) =2x -1 (1)
For f(x) to be increasing, we must have
>0 (1)
= 2x—1>0 = x<1/2
So, f(x) is decreasing on (—eo,1/ 2]. (1
Hence, f(x) is neither increasing nor
decreasing in[-1,1]. (2)

31. Find the intervals in which the function
flx) =20 —9x + 6x* — x> is

(i} strictly increasing. (i) strictly decreasing.
All India 2010

Get More Learning Materials Here : & m @&\ www.studentbro.in



The given function is f(x) = 20 — 9x + 6x* — x.
On differentiating both sides w.r.t. x, we get

Ff) =—9 +12x— 3x° (1)
On putting f(x) =0, we get
—9 +12x—3x* =

_3(x*-4x+3) =0

=5

= ~-3x-NDx—-3)=0

=% (x—N{x-3)=

= x—1=00rx—-3=0

y ¥ =1or 3 (2)

Now we find intervals in which f(x) is strictly
increasing or strictly decreasang

Inten»'alE f’(x) —3(x D(x 3)

élgn of f (x)

x<l RIETE ~ve
1<x<3 () | +ve
x>3 | (D)) a —ve

(1)
Now, we know that, a function f(x) is said to be
strictly increasing when f’(x) > 0 and it is said
to be strictly decreasing, if f'(x)<0. So, the
given function f(x) is

(i) strictly increasing on the interval (1, 3) and

(ii} strictly decreasing on the intervals (—oo, 1)
and (3, ). (2)

32. Find the intervals in which the function f
given by f(x)=sinx-cosx,0<x<2n

is strictly increasing or strictly decreasing.
Delhi 2010
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Given function is
flx)=sinx—cosx,0<x<2m

On differentiating both sides w.r.t. x, we get
f’(x) = cos x + sin x (1)
On putting f”(x) =0, we get

cosx+sinx=0 = sinx=—COSX
SiN X

= =-1= tanx=-1
COS X

3 3

Forxe|0, 2x], tanx=tan—4£=>x:—:—
/T /T
or tanx=tan—=>x=—
4 4

=21 Tt @
4 4
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[.-tan0is—1 in 2nd quadrant and 4th quadrant]

Now, we find the intervals in which f(x) is
strictly increasing or strictly decreasing.

Test | - Sign

I I ’ ool i i
Interva value | _f (x) = cos x + sin x goff(x)
0< x<3—n At E@f’(lﬁ_):cosiq-sin.ﬁ +ve
i | w=® A2 2 T
| 2 =04 T=1 :
3 n | _ |
S ,w:«:—ng‘ﬂ‘t . gf’(S_n]=cos§E+sm5—n
% A g="TP G 6 6 |
T
=C0S n—ﬁ)
( 6
+SIn| T ——
( 6
' ——cos X +sin™ —ve
| 6 6
L=NE 1~
: 2 2 . |
L2, SR fem=cosam+sin2m | +ve
4

X=2T = cos(2m—0°) +sin2 —0°)
=c0s0°-sin0°=1-0=1 |

(2)
We know that, a function f(x) is said to be
strictly increasing in an interval when f’(x) >0
and it is said to be strictly decreasing when
f’(x) < 0. So, the given function f(x) is strictly

increasing in intervals (0, 3%) and (Z},‘?n]

and it is strictly decreasing in the interval

3n 7w
—_—, — 1 1
(4,4] (1)
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