& Exercise 13.1 &

Q. Find by deﬁnltion, the derivatives w.r.t ‘x’ of the following function defined as.

(i) 2% +1 .
Sol:  Lety=2¥+1 Wy
Theny + & =2(x+ &)*+1 : LU
Sy = 2(x* +2x8x + (6x)?) +1-y Y-V AN
Sy = 2x? +4x5x + 2(5x)1 +1-(2x1 +1) | SOy+ 8 yLSynx+ & xLlx2
55 » M+4xc$"x+2(¢5x)2 = T S SUiLdyfmy /& fol ) Sidys
4x5x +2(Sx)’ o deig
5y=_xx+ (x) - ;_f)-_‘)xaa__;)é,_f_:qfw‘_fh;_“
Sy=Ox(4x+26x)- 2T

lede both side by Y and take limit 6x — 0

-d" limit J:I.L,ﬁfr"; L Sx J)lu}n.s
,&x’ (4x+25x) _ dy

lim —
Sx=0 5 x Jx-»O M

@M  2-vx
Sol: Let y.=2—-\/_
Then y +Jy =2-x+&
8y ~2-Jr ~y= Z-Ix+éx~ 2’+J_—-J;—w/x+_

5 Er= Jx +Jx+0x miultiply and d:wde by
o= " RE R )xjxq-:jx-i-&x Jx +Jx+0x

) 4pos
J;+Jx+5x JJ_r+Jx+é_'x

Divide by J x and take limit S x—0

— =4x
dx

oy ' =

Sy _ -55% , ]
lim lim 1lim
830 5x "*"°§f(\f_+dx+5x) ax—0 (J;+J_x+6_x)
d _ e EE e
J;+-Jx+0 J;+J; qu
| o
ifi —=
iii) \/.;
Sol: Lety =-j——
P o
1
Theny +dy = P :

B Jx+dc kil Jx +éx —J;z .J(x+5x)(&)
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X Jx —Jx+6x XJ;.,_./x_,_ax multiply and divide by
(Jx+5x)\/; Jx ++/x+8x Jx +x+8x

E (&)#—-(Jx+6x)2 J £ £ -6
Jx+-5xJ;(JJ_r+Jx+5x) Jx+6xJJ_C(JJ_C+\Jx+5:)

Divide by &x and take limit 5x —0

% A -5
lim o = B S e ()
dx = P o
E &Ho Jx+5xJ_(J_+Jx+5x) ® Jx+0J;(J;+ x+0)
= 1 '
% Ro2Jx) 2x0°
i)  x(x-3)

Sol: Let y = x(x=3) = x*=3x
Then Y +d8y= (x+8x)’=3(x+Jx)

Sy =x*+2x6x +(6x)" -3x-36x -y
= +2x5x+(0x)’ - 3£ —36x— x¥ + 3£ = Sx(2x+5x-3)
Divide by & x and take limit 6x — 0
8en 3 < tin if(zxﬂsx -3)

Sx=0 Sx 5:-00

Y o 25403 =21
- .

Q.2: Find % from first principle and find gradient of the curve at the given point.

() Vx+2atx=6 (ii)
(i) (Jx+2) atx=6

Sol: let y=(x+2)¥?
Then y+ Sy=(x+Jdx+2)R2
Sy =(x+2+Sx)V-y
Oy  =((x+2) + & x)2~(x+2)¥2= ((x+2) + & x)V2—(x+2)¥2

= (xe2)12 [[1\»;‘?—2)”2-1}(“2)1” 1oy ) 127 o ]’+ ..... o

atx=a
X+a

x+2 2% Ux+2

S @ [ é+x2)[;+[52__!ll[x?2]+"'"]
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= gy
el S~ l2+ 2t \x+2

. '?'(i ] e
:dx- (x+2) 2-{-0 =:~dx— (x+2). ZJ:CT
dy

ooooo

2

1

1 =L z
Atx=6 ,, == =—(6+2)2=—(8)2 = = -
= i1 51543) 2( ): 2,J§ 2Vax2

(i) vy= : =(x+a)"atx=a
x+a

Sol:  y+dy=(x+5x +'a)".’2_
Oy = (x+a+ 85x JV22y = (x+a+ ox )V —(x+a)V?

2 ‘**a’”’{['j?a)"'] o
s V(=2 2 )1"‘3][“5"](3): ...... A

2N\ x+a

L G
Jx ' ) ~ Ox.

oot 2K (ﬂ[i](é__)+ .....

C(x+a) | 2 2!

ay ;
lim — = lim '
Sx—20 Sx . Sx-s0 '&f

1. .2
ﬁ— (x+a) [ 2 ) _—E(;A__-a)

==
=x=a=—(x+a)? =———

mz‘__

dx
i 1 1

"'"" 3
zJE a2 4J5a5

_dy 1 k- il

NS

1.

= Yot
m= =——(a+a)2 =__(2a)2 == . =_._
Eon iy s 3 2(2a)2 2\/5 a2
2 !
Q3. i Find the derlvatlve of x?at.x =8 from the first prl nciple.

soly et C () —JurJ Then

-~ 3

f(x+0x) = (x+§x).% =x5(l+‘>—:-)5

f("’'H'a"-'%.')—f(i\')=.1\--121 l+(%}(%)+§g:-]—][ﬁJ+ —-x-%

2! X

© studyplusplus.com

=

4'\[505



: 2(241) per
(r+0)-/ ()= e I R

f(x+ ()'x)'—f(x) z
ox ¢ e

: 2(2
L LEA8)-7 () 2 @ﬁ[g,‘ )[@]+....

=Lim x*?
dr=s0 ox Sx—0

-l 3 -l
f(x)=x* ([%)+ 0+ 0+...] = [Mx)= %xT

Put x=8

2.2 2, e Sl XN

ll8 =-—8-‘ =-—2 j:-—-z o m— — = —

/(8) z _3() 3() _3><2, 2

Q3.ii  Find the derivative of x” + 2.x + 3 by definition.
Sol: let y=x2+2x+3. Then

()  y+Sy=(x+6x)" +2(x+8x)+3  and'
(if) Jy=I_—_(x+§x):+2(x+5x)+3]—[x2+2x+3]
Oy =x +2x0x+5x° + 26 +26+ F -x* =24 - &
(i) Sy _ (%)(2x+5x—i-2)
- I};(f

(iv)  lim £ w lim (2x+§x+2)=>dzy=2x+2

=0 Sy Sa-0

Q.4. - Find from first principle, the derivatives of the following expressions w.r.t their respective independent
variables,

Mm  (3x-2)"
Sol.  Llety=(3x-2)"
Then y+ 8y =[3(x+8x)-2]" =(3x+38x-2)

‘ s - st 35x )7
Oy=(3x-2+30x)" ~(35+2)" = (3x-2) H“sx-zJ .

: [y (D30 (2)(=2-D)( 365 ¥ ]
dy=(3x+2) [/+ (3x+2)+ - (3x+2] ...... I
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(i)
Sol.

(iit) .
Sol.

vt a[(2)36x (2)(-3)( 36x Y “
8y =(3x+2) [(3x+2’)+ T (3x+2] +}

36x (2)(—3)( 36x) |
—2)+ > |+
6y (3x+2) (x+2)|:( ) 2! 3x+2 ;
Divide by Jx and take limit 5x — 0
(3r+2)™ 'm/[ LB )[ 365x )+]
lim 22 = lim e e
530 Sx  8x-0 ' o5

::».% =(3x+2)" .3(-2+0)=-6(3x+2)"

(2+3)°
let y= (2r+3)
Then y+8y = [2(:+5:)+3] =(2t+2 5t+3) = (21+3+2 8t)°

Sy= (2t+3+28t) -y =(2t+3+2 61)’ - (20 +3)

Sy  =(2:+3)5 _[1+-2%&—3) ] (2a'+3)s

: (¢ 250
8y =(2t+3)|[ 1+ = Y
" ( ) [+2r+3) }

Ssy=(2t+3)° ,r 5(235‘3)+5(5’2!‘1){2fi‘3)2+ ........ —1‘]

oy (uaf o 225 ) L 2]
sy (22 5+ 20 220,

Divide by ot and take lim &t =0

lim—y=lim(2‘+3)s_l '23{[ 5(4),[22:?3]+ """" ]

510 St 10 ﬂf

%=(2:+3)‘ 2(5+0) = 5x2(2¢ +3)" =10(2r+3)"
(aw +b)’

Let y=(aw+b)’

Then y+¢‘iy=('a(1fv+6'm.’)+b)T
y-!-_5y=(aw+aé‘w+b)?
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Q.5.
Sol:

y+8y=(aw+b+adw)
5y=(mv+b+a5wf—y
5y=(mv-+b+a5w)? -(aw+b)’

5y=(aw+b)’(l+ i j?—(aw+b)’

aw+b :
) e ]

5y=(.w+b)?.[%][7+7_(;l[;5fb]+....]

 (aw+b)’06% [7+7(3)[ “5{95]-+....] |

aw+

L~ (aw+5)" (a)(7+0)

%yv— =7a(aw+ b)6

Find the gradient and equation of the tangent line to y = 3x?—4x+latx=2.
Given y=3x*-4x+1

SRS

—(3Jr2 —4x+1)

3(2x)-4(1)+0

B[S &S &S

|
o]

x—4(1)+0=6x-4

dy

E|x=2.= 6(2)—‘4
12-4
8

33 3
]

The point of tangency is(2,5).

Using the point-slope from:

y=y=m(x-x,)

Substituting m =8and (x,,»,)=(2,5):

y-5=8(x-2)

y=5=8x-16

y=8x-16+5

y=8x-11

The gradient of the tangent is 8 and the equation of tangent line is y =8x~11.
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Q..

Sol:_

- Q7.

Sol:

For the function i (x) =2x’ + x , Calculate the

equation of the tangent lineatx = —1.
Given f(x)=2x"+x

f(x)=2.3x% +1

f'(x)=6x"+1

7'(-1)=6(-1)" +1

/' (=1)=6(1)+1

f(-1)=6+1

m=7
F=1)=2(=1) +(-1)
F(=1)=2(=1)+-1
f(-1)=-2-1
f(-1)=-

The point of tangency is(-~1,-3)

The point-slope “form isy—y, =m(x—x1),'

where (x, -y, )is the point of tangency and mis

the slope.
y=(-3)=7(x-
y+3=7(x+l)
y+3=Tx+7
y=Tx+7-3
y=Tx+4

The equation of the tangent line is
y=7x+4

Find the coordinates of the point of tangency
and the equation of the tangent line -for

f(x)= x}=-2x+latx=1
Given f(x)=x’-2x+1 '
£()=0) -2(1)+1
F()=1-2+1

Fit)y=0."

Take derivativew rtx

f(x)= (x -—2x+l)

f(.r}-lr -2
Putx =1tofind 1"(1)

1()=3(1)" -

(-1)

Q.8.

Sol:

Q.9.

~ Sol:

f'(1)=3-2
()=

- The slope of the tangent line is 1.

Use the point-slope form with point (1,0)and
slope 1:

y=0=1(x-1)

y=x-1
The coordinates of the point of tangency are .
(1,0)and the equation of the tangent line is
y=x-1.

Find the gradient of the curve f (x)=3x" +2x

atx=1

Given f(x)=3x"+2x
Take derivative w.r.tx
S'(x)=3(2x)+2(1)=6x+2
Put x=1
'(1)=6+2=8 .
The gradient of the curve f (x)=3x"+2xat

=1is8.
Find the gradient and an equation of tangent

line to the graph of f(x)= Jxatx=9.

f(x)=vx= s

O e e R0
f'(5)=3 2Jx
(9)=— o
:/ 23 6
(_)—J_-3
The pointis (9,3)
R ges }’l_m(x xl)
- ——(x 9)
6 6
] e 2 -
X=—x——t—
6 2 2
yugrts
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Q.10.

Sol:

i 1
The gradient of the tangent line is gand the

1
equation of the tangent line is y = Ex + >

The position of a car aftert hours is given by:
s(1)=2¢ - 3¢* +1 (in kilometers)

i Find the average velocity over the
interval [1,4]
i, Find the instantaneous velocityat t =2

Givens(t)=2t>-3t*+t
s(1)=2(1)’-3(1)" +1=2-3+1=0
s(4)=2(4)" -3(4)" +4=2(64)-3(16)+4=1

_s(4)-s()

Yo T4
8-
urg 3
Ve =28

Differentiate w.r.t t

v(r)=s'(r) = %(2:j =31 +1)

v(r) =61 —61+1

v(2)=6(2) - 6(2)+1 =6(4)-12+1
v(2)=24-12+1=13

The average velocity over the interval [1,_4]is 28

km/h and the instantaneous velocity at £=2is
13 km/h.

Q.11

Sol:

Q.12.

Sol:

A stone is thrown upwards and its height after¢
seconds is given by: s()=—16¢" + 327 +10 (in

feet), Find the instantaneous velocity at7 = 1.
Givens(¢)=-16r" +32:+10

v(r)=s"(r)=-16(2r)+32(1)+0
v(r)=-321+32 :
Evaluate v(r)at z=1
v(1)=-32(1)+32
v(1)=-32+32=0

The instantaneous velocity at / =1is0.
The outdoor temperature (in°C) over time is

modeled by: T(:) =—1*+121+10 wherer is
the time in hours. Find the instantaneous rate of

changeats=2.

d di
ZT(:)=Z(-t +12+10)

?T(r)=¥2r+l2+0

T'(1)=-2t+12

Substitute / = 2 into the derivative:

T'(2)= -2(2)+ 12=-4+12

=T'(2)=8

The instantaneous rate of change of the
temperatureat £ =2is8.
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