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Exercise A, Question 1

Question:
Differentiate:
@ (1+2x)4

) (3-22) ~°

1
2

© (3 +4x)

@ (6x+x*) ’

1
©) 34 x

mﬂ?—x

@4 (2+&) 4

m3(8-x) ~°
Solution:

@ Letu =1+ 2, theny = u*
du _ & _ .3
w -2 and G =4
Using the chain rule,

dy dy du

- X == — 3 -3 = 3
o= odu X g CArx2=87=8(1+X%)

(b) Letu=3 - 2% theny=u~?°
du dy -6
- ~& and = -%

Using the chain rule,

dy dy  du _ -6 _ -6 _ 2\ -6
x - du X - x —4x = 20xu =20x (3 — 2x°)
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1
2

(c) Letu =3 + 4x, theny =u
1
o =4 and 4 =3U" 2

Using the chain rule,
dy dy du 1 1
2

___x____

dx ~ du dx ~ 2

) Letu = 6x + x2, theny = u’
du & _ -6
o =06t X and G, =1

Using the chain rule,

dy dy du
W= ar X g =X (6+2X) =7(6+X) (6x+x*) °

1

(e Letu=3+ 2 theny= + =u~1

du d

=2 and 5 = -u"?

Using the chain rule,

dy dy odu -2 _ —2_ -2

x — du X ox - U x2=-2A - (3+2) 2
1

H Letu=7 —x, theny=u2

du _ & 1 1

- —1 and o =3u 2

Using the chain rule,

d _ & odw 1 1 _ 1 &

x — du < ax — 2U 2><_1__2(7_)() 2

(@) Letu = 2 + &, theny = 4u*
du dy 3
o " and 4, =16
Using the chain rule,

dy dy du 3 _ 3
x = du X I =16 x8=128(2+ &)

(hy Letu=8 —x, theny = 3u~ ©

du _ Y _ -7
dX——l and du——la
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Using the chain rul
dy dy du

=2 — _ -7 — -7
- X = "l&a Tx -1=18(8-x)
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Exercise A, Question 2

Question:

. _ . y (1 1)
Given thaty = (4X+1)2f|nd the value o% at\ ey
Solution:

Letu=4x+ 1, theny = u~ 2
du _ dy _ -3
dx =4 du — -
d L. -3 -8
=T8S (4x+1)3
1 dy
Whenx= 7, = -1
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Exercise A, Question 3

Question:
Given thaty = (5 - 2x) 2find the value ofg—i at (1, 27).

Solution:

Letu=5 - 2, theny = u3

du dy 42
dx__2 du_a'l

dy
L = —6P= -6 (5-%) 2

_. W
Whenx =1, o " - 54

© Pearson Education Ltd 2C
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Exercise A, Question 4

Question:

Pagel of 1

Find the value oﬂ% at the point (8, 2) on the cumih equation 92 -2y =X

Solution:
x=3y* -2y
ax

dy =oy-2
dy 1
dx = 6y-2

At (8, 2) the value of is 2.

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\c3 8 a 4.t

3/9/201:



Heinemann Solutionbank: Core Maths 2 Pagel of 1

Solutionbank
Edexcel AS and A Level Modular Mathematics

Exercise A, Question 5

Question:

Find the value oﬂ% at the poin& %2 ;1 on the curvthwequatiory

Ty
Solution:

N -
N -

=X

N -

1
X=y2+y
& _ 1
dy — oY

N -

dy 1

dx

N~
|_\
N | w

At the point

A~

1
25, 4} the value ¢fis 4.

dy 1 1

dx

|5

:1 1 1 §_ -
5(4)'2-5(4)'2

N
|
1
o1
Wl

5~
C'_D‘looll—\

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\c3 8 a 5.t 3/9/201:



Heinemann Solutionbank: Core Maths 2 Pagel of 2

Solutionbank
Edexcel AS and A Level Modular Mathematics

Exercise B, Question 1

Question:

Differentiate:
@x(1+3x) >
2x(1+3°) 3
(c)x3(2x+ 6) 4

@3x2(5x—-1) 1
Solution:
@Lety=x(1+23) °
Letu=xandv= (1+3) >
d d
Thend—i :1anqﬁ =5x3(1+3 * (using the chain rule)

Now use the product ru
dy av du

ax ~Uax Vi
d
L =xx15(1+X) 4+ (1+X) ®x1
= (1+3) 4(15¢+ 1+ )
= (1+3) 4(1+1%)
by Lety=2x (1 + %) 3
Letu=2xandv= (1+32) 3
d_u_ dv _ 2 2
Then = =2and, =D18(1+3x")

Using the product rule,
dy dv du

o ~Yax TV
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d
- & =X x1& (1 +3X%) 2+2(1+33) 3

(1+32) 2[36x2+2(1+332) ]
(1+32) 2(422+2)
=2(1+3%) 2(1+212)

(c)Lety:x3(2x+6) 4
Letu=x3andv= (2x+6) 4

du av
Theny, =3%andy =8(X+6)3

Using the product rule,
& _ o odv o du
ax ~ Yax TV

d
Lo =X 8(X+6) 3+ (2x+6) x 3P

=x2(2x+6) 3[8x+3(X+6) ]
=x2(2x+6) 3(14x+18)
=22 (2x+6)3(7x+9)

d Lety=3x2 (5x-1) ~1
Letu=3x2andv= (5x-1) ~1

du v -2
Theny~ =&andy = -5(%-1)

Using the product rule,
dy dv du

o ~Yax TV

d
L =3@x —5(5-1) ~2+ (5x-1) ~1x6x

- 152 (5x-1) “2+6x(5x-1) "1
X(5x-1) “2[ -5x+2(5-1) ]
=3x(5x-2) (5x-1) ~2

© Pearson Education Ltd 2C
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Exercise B, Question 2

Question:

(a) Find the value oﬂ% at the point (1, 8) on the cumth equatiory = X2
(3x-1) 3.

(b) Find the value o% at the point (4, 36) on the eunith equatiory = 3x

1
2.

(2x+1)

(c) Find the value oﬂ% at the poir& 2% ) on the curvenveijuatiory =
(x-1) (2x+1) ~1L
Solution:

@y=x2(3x-1)3
Letu=x%,v= (3x-1)3
av

du
= _ — _ 2

dy adv du .
Use the product rulg- &~ +Vv  togive

dy
o SXEX9(X-1) %+ (3x-1)3xX

=x(3x-1)2[9x+2(3x-1) ]
=x(3x-1)2(15-2) *
At the point (1, 8)x = 1.
Substitutex = 1 into the expression *.

d
Theng =1x 2x 13 =52

1
by=3x(2x+1) 2

1
2

Letu=3xandv= (2x+1)

1
2

du dv 1 _ 1
Theny =3and, =, x2(2+1) = (2x+1) ~ 2
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dy dv du )
Use the product rulg- &5 +Vv; togive

1
2

dy 1
> =3 (2x+1) T 2+3(X+1)

1
2

=3(Xx+1) " 2[x+ (2x+1) ]

1
=3(3X+1) (X+1) ~ 2 *
At the point (4, 36)x = 4.
Substitutex = 4 into *.

1
2

d 1
Theny. =3x13x9 2=3x13x 5 =13

@y= (x-1) (x+1) ~1
Letu=x-landv= (2x+1) ~1

du dv _5
Theny  =land, = -2(02+1)

dy adv du .
Use the product rulg- &~ +Vv  togive

d

= (2xX+1) "2[ -2x+2+ (X+1) ]
=3(x+1) ~2
Atthepoint( 2 I X=2.
\ =5 )
Substitutex = 2 into *

dy 2_ 3
Thendx =3x5 “= 5

© Pearson Education Ltd 2C
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Exercise B, Question 3

Question:

Find the points where the gradient is zero on theewith equatioty =

( \
(x—2)2\2x+3).

Solution:

y=(x=-2)2(2x+3)
u= (x-2)2andv= (2x+3)

au _,f Vgl
o = \x—zjanddx =2

dy av. du ,
Use the product rulg, &~ +Vv g togive
dy _ 2
o = (X=2)“x2+2(x-2) (%+3)

=2(x-2) [ (x-2) +2%+3]
=2(x-2) (x+1)

d
When the gradient is zerng =0
SL2(x=2) (Xx+1) =0
1
SoX=20rx= - 3
Substitute values forintoy = (x—-2) 2(2x+3) :
1 19
Whenx =2,y = 0; whenx= - 3,y=127-.

1 19
So points of zero gradient are (2, 0) a6d 3~ ;;2)

© Pearson Education Ltd 2C
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Exercise C, Question 1

Question:
Differentiate:

5x
@ Xx+1

2X
(b) 3X-2

X+ 3
© 2+ 1

3x2

@ (2x-1) 2

6X
(e)

I~

(5x+3)

N

Solution:

(@ Letu=5xandv=x+1
du dv

. —=5and =1

dx dx

Use the quotient rule
Jdu dv

d_l' 'IE ”F

to give

dy  (x+1) x5-5Kx1 _ 5
ax — (x+1) 2 - (x+1) 2

() Letu=2xandv=3x -2

du dv
L —2andy =3
Use the quotient rule
d_l 1'% n’%
E Ve
to give
dy  (3x-2) x2-Xx3 _ 6x-4-& _ -4
dx (3x-2) 2 T (x-2)2 (3x-2)2
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) Letu=x+3andv=2x+1

oodu o _

Use the quotient rule

E= 1'%—::%
dr W
to give

dy  (2x+1) x1- (x+3) x2 _ X+1-X-6 _

dx (2x+1) 2 (2x+1) 2

@ Letu=3x%andv= (2x-1) 2

. du av ( )
. 3 = Bxandy, :4K 2—1)
Use the quotient rule
dv 1'%—::%
dx vt
to give
dy  (2x-1)2x6x-3Ex4(x-1)
dx (2x-1) 4
_oex(2x-1) [ (2x-1) - X]
B (2x-1) 4
_ - 6X
~ (2x-1)3

1
e)Letu=6xandv= (5x+3) 2

du dv 5 _ 1
L =6andy =5 (&+3) 2
Use the quotient rule
dw dv
dy Vg lg
dr W
to give
1 5 1
(5x+3) 2 x6-6x - (5+3) ~ 3

(2x+1) 2

d _
ax — 1
[ (5x+3) 3172

3(x+3) ~ %[2(5x+3) - 5]

(5x+3)
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1
3(5x+3) ~ 5 (10x+6 - 5)

(5x+3)

3(5x+6)

3
(5x+3) 5

© Pearson Education Ltd 2C
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Exercise C, Question 2

Question:

. y - 1
Find the value oﬂ; at the pom@ 14)

Solution:

Letu=xandv=3x+1
.oGu av
S —1anddX =3

Use the quotient rule

du ; dv

on the curve \eidjuationy =

dy. =

to give

dy  (3x+1) x1-xx3 _ 1 N

dx (3x+1)2  (3x+1)2

At the point ( 1 ,% ) X = 1. Substitutex = 1 into *.

1

dy
ThendX =16

© Pearson Education Ltd 2C
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Exercise C, Question 3

Question:
Find the value oﬂ% at the point (12, 3) on the cumth equatiory = X3 T
(2x+1) 3
Solution:
1
Letu=x+3andv= (2x+1) 2
U v _ 2
ca —land s = (2+1) 7 2

Use the quotient rule
du dv

E=1'E—HE
dr W
to give

1 1
dy (x+1) 2 x1- (x+3) (Xx+1) " 3
dx ~ (2X+1) +1

(2x+1 '%[ (2x+1) - (x+3) ]

(x+1) *1

3
= (x+1) " 2(x-2)
At the point (12, 3)x = 12 and

dy _ 3 10 2
o = (25) " 2(10) =2 =%

© Pearson Education Ltd 2C
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Exercise D, Question 1
Question:
Differentiate:
(@) e2x
bye” 6x

(C)ex+3

2
(d) 43X
(e)9e3 ~X

() xe?

@ (x>+3) e X
2
) (3x—-5) €&
i) 2x%el *X
O (x-1) >
() ==
eZX

eX2
U

e

(M) x+1

e~ X

(M \x+1
Solution:

(@) Lety = e theny = & wheret = 2x

- a _
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By the chain rul
d d dt
R R

ax dt
(b) Lety = e ~ &
d
ify=ef (¥) thengr = (x) e (X)
Letf(x) = —-6x,thenf(x) = -6
d
g %: - e~ &
© Lety=eX*3

Letf(x) =x+3,thenf(x) =1
d
If y = ef (X) then% =f(x) e (X)

A +3_ x+3

2
@ Lety = 4¢3

Letf(x) =3x4 thenf (x) =6x
dy 2

2
A 3% _ 3
- = 4 x xeX = 24xe*

() Lety = 9e3 ~X
Letf(x) =3-xthenf(x) = -1

A -X = 3-
L =9x —1lxe X= —9gegd X

M Lety = xe
Letu = x andv = e
du av

" gzland& = &

Use product formula.

d

y
o =xx2e¥+eXx1=eX(2x+1)

(@Lety= (x*+3) e *
Letu=x%+ 3 andv=e X

.o Qu & X
Ly = Xandys = -e€
Use product formula.

d
2= (@+3) (—eX) +e Xx2x= —e"X(x2-2x+3)
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2
(hLety= (3x-5) €&

2
Letu = 3x - 5 andv = &%
A & o P
- —3anddx = e
Use product formula.

(

d 2 2 2
T = (x-5) xxeX +eX x3=¢ |63~ 10+ 3

i) Lety = 2%l + X%
Letu=2x*andv = el ¥X

. Gu L

. o =8Candy =¢

Use product formula.

d

=2l X el tXx g3 = 23l tX (x + 4)

) Lety= (9x-1) e
Letu= 9x — 1 andv = e3¥

du av
. o =9andy =3&

Use product formula.
d
2= (X-1) x36™+e¥x9=36(9x+2)

k) Let = X
(K) y o2

Letu = x andv = e

du dv
R 1and =2&

X

Use quotient rule
du dv

£= i E_”E

dx vt

dy e2Xx 1 —xx 2eX

ax = o4 =e_2X(1_2X)
eX2
0 Lety= =~

2
Letu=e" andv =x
du X2 dv
" &:er and& =1

Use quotient ruli
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)
)

Page3 of 4

3/9/201:



Heinemann Solutionbank: Core Maths &

2 2 2
dy  xx2xeX - x1  eX(2%-1)
dx X2 - X2

e
m) Lety= 7

Letu=€e‘andv=x+1

du av

Use quotient rule.

dy  (x+1)e&-ex1 xeX
dx (x+1)2 T (x+1)2
o X

(n) Lety = xr1

1

Letu=e~Xandv= (x+1) 2
o du — X g L .
L =~ 2e andy =35 (X+1) 2

Use quotient rule.

1 1
(x+1) 3 (-2e"%) —e”" %] E(X+1) B

N -

dy

ax 1
[ (x+1) 31?2

1 1 1
[-2(x+1) 2 -7 (x+1) " 3]e” ™

Xx+1

1 _ 1 ~ox
E(X+1) >[ —4(x+1) —1]e

Xx+1

- (4x+5)e‘2X

3
2(x+1) 3

© Pearson Education Ltd 2C
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Exercise D, Question 2

Question:

1)
)

Find the value oﬂ% at the poin& 13 on the curve vedjuation

y=xe %

Solution:

y=xe X

Letu=xandv=e X
du
* dx

Use the product rule to give

dv
— — _ _ X
—1anddx = —-e

o = X(—e™X) +e T ¥x1=e"X(1-x)

(o 1)
At (1,5 ) .x=1

dy

dx

© Pearson Education Ltd 2C
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Exercise D, Question 3

Question:

Find the value oﬂ% at the point (0, 3) on the cumith equationy = (2x+ 3)
e,
Solution:
y= (2x+3) &
Letu = 2x + 3 andv = e
du av
. o =2andy =2&
Use the product rule.
d
o= (2x+3) 27 +eXx2=2e%(2x+3+1) =2 (2x+4)

( )

=4e” | x+2 |
\ )
At the point (0, 3)x = 0.

Yy _
Sy =4x2=8

© Pearson Education Ltd 2C
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Exercise D, Question 4

Question:

. . 2% . [ 1 1 \\
Find the equation of the tangent to the curwexe<” at the pomt\ > '3 e)
Solution:

y = xe&X

O [ pe2x ) 4 e2x (1)  (From the product rule)

©odx T L ) P
(11 ) 1

At the point L22¢) X= 3

ay _ _

x —€ete=2e

(101 ) .

The tangent atk > 2 69 has gradient 2e.

© Pearson Education Ltd 2C
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Exercise D, Question 5

Question:

e
Find the equation of the tangent to the cyrve — —at the point( 3 % e)

g

Solution:
€3
Y= "
L x(3)e3-edxa
& - = (From the quotient rule)

S (R S R
Atthepomt\ 3,3 e) x=3.
- e

d e

E dx 9 =0

3% 63 has gradient O.

P i

The tangent at

Its equation is
1

y- 3e=0(x-3)

_ 1
= 3e

© Pearson Education Ltd 2C
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Exercise D, Question 6

Question:

Find the coordinates of the turning points on thevey = x%e ~ X and
determine whether these points are maximum or minmirpoints

Solution:

y:XZe—x

d

d—X:x2 | —e"x) +e " X(2x) =xe " X(2-x) (From the product
rule)

: . d
At a turning point on the curvg:i/- = 0.

Sxe X(2-x) =0
Sox=0orx=2

Substitute these values:into the equatioy = x%e ~ X,
Whenx=0,y=0

Whenx =2,y = 4e ~ 2

The turning points are at (0, 0) ar(d %43, )
. oy
To establish the nature of the points fr(rj1)g
d
Asg =xe X(2-x) =e X (Zx—x2 )
d2
e X(2-x) + (x-®) (-e ¥) =e X(2-4+x)
(From the product rule)
d2
Whenx:O,d—; =2>0 .. (0,0)is aninimum point
o -2 o 4 . . _
Whenx = 2, o -2e <0 .. k2, 2 IS amaximum point

© Pearson Education Ltd 2C
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Exercise D, Question 7

Question:

. e Loy oy
Given thaty = ——, find ~and o2 simplifying your answers.
Use these answers to find the coordinates of ttmniy point on the curve with
3X

. € . . . .
equationy = ——,x > 0, and determine the nature of this turning point.

Solution:
Y= x
dy x(3e¥) —e¥x1 (3x-1) e _
ol 2 = 2 (From the quotient rule)
oy . o
To determlne—dx2 use the quotient rule again with
u = 3xe3 - e andv = x?
dy X2 (xe¥+3e¥-3e¥) - (e -e¥) ()
ax? x4
e - 6x%e + 2xe™

B x*

_oxe¥(9d-6x+2)

B x*

¥ (9% -6x+2)

B x3

d
At the turning poinl& =0.

3x-1)e¥
Lo,

x

SO X =

Wl

e3x

: 1 _ &
Substitutex = Zintoy = — .
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e
y= — =3
y 1 e
3
( % ) are the coordinates of the point with zeaolignt.

To determine the nature of this point, substitute 7 |nto

dy e (P-6x+2)

d x3
1 i 1-2+2
Whenx = 3,5 = % =27e>0

27

\__/

1
So there is aminimum point at ( 3

© Pearson Education Ltd 2C
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Edexcel AS and A Level Modular Mathematics

Exercise E, Question 1

Question:

Find the function f( x) where f§) is

@In (x+1)
(b) In 2X
©) In 3Xx
@In (5x—4)
e)3 InXx
® 4 In X
@5In (x+4)
(h) X In X

_ Inx
® X+1

in (x2-5)
k (3 +x)Inx
) €N x
Solution:

@f(x) =In(x+1)
F(x) =x+1,f"(x) =1

1

S (x) = 7

of(x) =In2x

F(x) =2¢xf'(x) =2
2 1

SF(x) == %
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@f(x) =In(5-4)

’ 5
Fr(x) =%

@f(x) =5In(x+4)

1 5
f’()() =5 x 4 =

X+ 4

mf(x) =xInx
Use the product rule with = x andv = Inx.

du _ v 1
Thendx —1and& =
1
SF(x) =xx T4 Inxkx 1 =1+ Inx
Inx

Of(x) = 351

Use the quotient rule with = Inx andv = x + 1.

du 1 v
Thendx —Xand& =1

(x+1)(xl) —Inxx 1
f'(X) = =

(x+1)2 X(x+1) 2

Of(x) =In(x*-5)
F(x) =x¢-5, f'(x) =2
fr(x)

ff(x) =InF(x) thenf(x) = T,

file://C:\Users\Buba\kaz\ouba\c3 8 e 1.t
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Lfr(x) =

Kf(x) = (3+x)Inx
Use the product rule with= 3 + x andv = Inx.

du v 1
Thendx —1and& =

1 3 +X
SF(x) = (3+x) L +Inx= 7 +Inx

nf(x) =€&Inx
Use the product rule with = € andv = Inx.
du av 1

Theng = = éandd—x =

Sfr(x) =eix Xi+|nX><eX:exlnx+ £

X

© Pearson Education Ltd 2C
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Exercise F, Question 1

Question:
Differentiate:

@y = sin

(b)y = 2sin %x

©Y = 3sirx
@y=sin(x+1)
)y = Sin&

My =6sin %x

(@)Y = Simx
()Y = Sin°x
Solution:

@y = sin

d
If y =sinf (x) , theny- =f(x) cosf(x) .

Letf(x) =5 thenf(x) =5

dy _
S = 5cos X

1
(b)Y = 2sin 5X

d
d—X:2X (

A 1

1
COS, X ) = COS,X

N -

©Y = 3sirfx = 3 (sinx) 2
Let u = sinx, theny = 3u?
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du & _
o - cosxandy; =
From the chain rule
dy dy _ du
dx du X dx
= BUCOSX
= 6 SiNXcosx
=3 ( 2sinxcosx)
=3sinX  (From the double angle formula)

@y=sin(+1)
Letf(x) =2+1,thenf(x) =2

— =2cos (x+1)

(e)y = sin&
— = 8cos&

2
My =6sin 3X

dy 2 2 2
X 6><—cos 3X = 4C0S7 3X

@V = Sin’x

Letu = sinx, theny =ud
du 2
o = COSX and =3

dy 2 nz .
o = 3ucosx = 3sirt xcosx  (From the chain rule)

)y = sirx
Letu = sinx, theny =w
du 4

o — COX and

From the chain rule

y _dy g
o = au X g = utx cosx= 5sirft xcosx

© Pearson Education Ltd 2C
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Exercise G, Question 1

Question:
Differentiate:

@)y = 2COX

(b)Y = COSX

5
Y= 6cosEx

dy=4cos (X+2)
(e)y = coS &K

My = 3cogx

1
OV 4cos§x

(h)y = 3C0<2x

Solution:
@)y = 2COX
dy .
g = 2SI
(b)Y = COSX
Letu = cosx, theny = u°
du . dy 4
o = —sinxandy; =5
From the chain rule
d d du . i
d_iz % x - =8%x ((—sinx) = - 5coéxsinx
_ S
(©)y = 6COoS¢X
dy 2 20 in >
x — 6% — G sIngX= —3singX
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dy=4cos(3x+2)

d
3 =4x —3sin(X+2) = —12sin (+2)
(e)y = cosS &K
dy .
L C — 4sin&
Y = 3co$X
Letu = cosx, theny = 3u?
du i dy
o = —Sinxandy; =

From the chain rule

dy _ dy du

dx ~ du X dx

6u ( — sinx)

— 6 cOoXsinx

— 3 ( 2sinxcosx)

—3sinx  (From the double angle formula)

1
@y = 4C0S3X

2
d 1 1 1
ﬁz ( - Esingx} = —2sin3X
(h)y = 3COoS X
d
& =3( -2sinX) = -6sinX

© Pearson Education Ltd 2C
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Exercise H, Question 1

Question:
Differentiate:

@y = tan X

b)Yy = AtarPx
cy=tan (x—-1)

Y = X2tan %x + tan ( X — % )
Solution:
@y = tan X
. % = 3seé3x
b)Yy = Atarex
Letu = tanx, theny = 4u®
du

du dy o2
5. = seéxandy, =12

From the chain rule

dy dy du > _
o = o X o = laPsedx = 12tarfxsecx

cy=tan (x—-1)

. g—i:secz(x—l)

1 1
@y = x2tan >X + tan ( X= 3 )

1
The first term is a product witln= x2 andv = tan 2 X

.o Gu a1 e%l
— —2xanddx =5 SetX

file://C:\Users\Buba\kaz\ouba\c3 8 h 1.f 3/9/201:



Heinemann Solutionbank: Core Maths 2 Page2 of 2

(1 ) ]

L rxzkzse@%xj +tan%x><2xj + seé (x—

x — |

N -
~—

1 1 1 1
= Sx?sed 5x + 2xtan X + seé (x— 5)

© Pearson Education Ltd 2C
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Exercisel, Question 1

Question:
Differentiate
(a) cOt 4X

(b) Sec X
(c)cosec &
(d) Se3x
(e)Xcot 3X

seéx

M

(g) COSEEC2X

mycot (2x - 1)

Solution:
(a)y = cot 4
Letu = 4x, theny = cotu
du _ dy
L = 4andy = - coseu
dy

. 3 = —cosefux 4= - 4cosetdx
(b)Y = sec X
Letu = 5x, theny = seau
du _ dy
o — oandy; =seatanu

d
" & = bsealtanu = 5sec Xtan 5

(c)y = cosec4
Letu = 4x, theny = coseu

file://C:\Users\Buba\kaz\ouba\c3 8 i 1.h
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du _ dy
o — 4andy; = - coseecotu
dy
. ax — —4coseacotu= —4cosec#Acot 4
Y = sed3x
Letu = sec¥, theny = u?

du _ Y
o — 3sec¥tanXandy S =2

From the chain rule

dy dy _ du

dx ~ du X dx
= 2u x 3sec3Itan X
= 2secd x 3secXtan X
= 6se3xtan X

(e)y = Xcot X

This is a product so use the product formula.
Letu = x andv = cot X

du dv
5 = landg = - 3coséx

dy

. 3 =X( —3coseé3x) +cotXx 1=cotX- 3xcoseéx

seéx

Hy= "

This is a quotient so use the quotient rule.

Letu = seéx andv = X
du _ @ _
o = 2sex (sextanx) andy =1

dy  x(2seéxtanx) —seéxx1  sedx(2xtanx-1)

- dx T X2 - 2

X

(@)Y = COSEC2x

Letu = coseczg, theny = u®
du dy .o
o = 2 cosec2cot 2 and u - K]

From the chain ru
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dy

& = 3u?( - 2cosecgcot )

— 6coseé2xcosec cot X
— 6.cosed2xcot X

my=co (2x—-1)

Letu=cot (% ~-1) theny=u?
du

du _ 2 &
o = —2cose€(2x-1) andy; =12

From the chain rule

Page3 of 3

j_i=2u[ ~2coseé(2x-1) ] = —4cot(Xx-1) coseé(2x-1)

© Pearson Education Ltd 2C
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Exercise J, Question 1

Question:

Find the function f( x) where f§) is

(@) Sin X
(b) COS &
(c) tan X
(d) sec K
(e) cOsec R

(f) cot X
L
(@sin 7

3x

(h)COS

. 2

(i) tan 5

, LS

() cosecs
1

(k) cot $X

3
() sec =

Solution:

@f (x) =sinX
f'(x) =3cosX

o f(x) =cos&
f'(x) = —4sindx
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) f (x) =tarbx
fr(x) =5seé5x

@f(x) =seck
f'(x) =T7secktan¥

ef(x) =cosecl
f'(x) = —2cosecfcot X

Of(x) =cotX
fr(x) = - 3coseé3x

. 2X
@f(x) =sin73
2 2x
fr(x) = 35cos7

3X
mf(x) =cos—

3 . 3
fr(x) = - Zsin=

2X
Ohf(x) =tan7

2 2X

f'(x) = zseé T

Of(x) = cosecxg

1 X X
fr(x) = - 3 cosec; cot;

1
kf(x) = cot 3X
, _ 1 gl
fr(x) = - 3cose€ 3X
3X
nf(x) =sec
3X 3x

3
fr(x) = 3secs tamy

© Pearson Education Ltd 2C
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Exercise J, Question 2

Question:

Find the function f( x) where f§) is
(a) SINPX

(b) COSX
(© tarfx

1
@) (sex) 2

@\ cotx
(f) coseéx
(g) SiIM°X
(h) cOS™X
(i) tarx
(i) secx

(k) cotX

() cose*x
Solution:

@f (x) =sirPx= (sinx) 2
f(x) =2(sinx) lcosx = 2sinxcosx = sin

®f(x) =cosx= (cosx) 3
f'(x) =3(cox) 2( -sinx) = - 3co®xsinx

©f (x) =tarfx= (tanx) 4
fr(x) =4(tarx) 3(seéx) = 4tar3xsecx
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@f(x) = (sex) %

|~

1 1

1 1
fr(x) =75 (sex) = 2 xsextanx= 75 (sex) ztanx

N

@f(x) = (cotx) %
x ( —coseéx) = - % (cotx) ~ 2c0sedx

N -

f/(x) =5 (cox) ~

®f(x) =coseéx= (cosex) 2

f'(x) =2 (cosex) 1( - cosexcotx) = - 2coseéxcotx
@f(x) = (sinx) 3

fr(x) =3 (sinx) 2cosx = 3sirPxcosx

mf(x) = (cosx) 4

f'(x) =4 (cox) 3( —sinx) = - 4cosSxsinx

0f(x) = (tanx) 2
fr(x) =2tarx x sedx = 2tanxsex

Of(x) = (sex) 3
f'(x) =3 (sex) 2secxtanx = 3secxtanx

Wf(x) = (cotx) 3
fr(x) =3 (cotx) 2( —coseéx) = - 3coseéxcotx

nf(x) = (cosex) *
f(x) =4 (cosex) 3( —cosexcolx) = —4cose*xcolx

© Pearson Education Ltd 2C
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Exercise J, Question 3

Question:

Find the function f( x) where f§) is

(2)X COSX

(b) x2sec X

tan X
© =

(d) SiNPX COSX

X2

(©) tanx

1 + sinx
COSX

(f)

(9) e2Xcosx
(h)esec X

i sin3x
el

(i) €¥sin’x

Solution:
@f ( x) =xcosx

f'(x) =x( —sinx) +cosx(1)
= — XSInX + co<x

file://C:\Users\Buba\kaz\ouba\c3 8 j 3.h
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of(x) =x%secX
f'(x) = X2 (3secixtanXk) +secX(2x) (Product rule)
=xsecX (3xtanXk + 2)

tan X
©f (x) = =
X (2sec2x) —tanx (1) _
f'(x) = > (Quotient rule)

X

2xsed2x — tan X

X2

@f (x) = sirPxcosx
fr(x) =sirx( -sinx) +cosx(3sir’xcosx)  (Product rule)
= 3sirfxco$x — sirfx

2

X
@©f (X) = G
tanx (2x) - x2 (sedx) _
f'(x) = P (Quotient rule)
_ 2xtanx — x?sedx
B tarx
1 + sinx
nf(x) = cosX
f ,( X) - cosx(cosx) — (1+sinx) ( —sinx) (Quotient ruIe)
cosx

coX + sinx + siméx

cox

_ {coskr sif) + sin (Use coéx + siréx = 1)

cox

1 + sinx

cosx
@f (x) =e*cosx
fr(x) =e®( -sinx) +cosx(2e®)  (Product rule)
= e ( 2cosx - sinx )

mf (x) =e‘sedx
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f'(x) =& (3sec&tank) +secX(€*) (Product rule)
=e'secX (3tanX + 1)

2 F (X _ sin3X
Mf(x) P
e (3cosX) —-sinXx(€e) )
f'(x) = > (Quotient rule)
()

_ €(3cosx-sinX)

B (&) 2

_ 3cosX - sinX

el

if(x) =esimx
fr(x) =e&(2sinxcosx) + sirex (€) (Product rule)
= &'sinx ( 2cosx + sinx )

Inx.
Wf(x) = am
tanx ( xl) — Inx ( seéx)
f'(x) = arP (Quotient rule)

tanx — xsecxInx

= o’ (Multiply numerator and denominator Ry

sinx

OF(X) = Cosx

cosx [ €S x cosx] — eSMX (- sinx)

f'(x) = (Quotient rule)

cox

eSiNX ( cogx + sinx )

cox

© Pearson Education Ltd 2C
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Exercise K, Question 1

Question:

Differentiate with respect tei
@Inx2

(b) X2 sin 3
[E]
Solution:

@y = Inxc=2Inx (This uses properties of logs)

dy _ 1 _2
©odx =2x X X
Alternative method

dy fr(x) .
Wheny =Inf(x) , 5 = T(x) (From the chain rule)
C v = a2 d _2x _ 2
Ly=sinxs = o= = =%
X

— 2

(b)Y = X“Sin X

d
d—i = x2 (3cosX) +sin3(2x) (Product rule)

= 3x2C0s3x + 2xSin3x

© Pearson Education Ltd 2C
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Exercise K, Question 2

Question:

Given that

f(x) =3- -~ +InXE,x>O
findf'(x) .

[E]

Solution:

f(x) =3- 7 +In3
fr(x) =0-5 +

© Pearson Education Ltd 2C
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Exercise K, Question 3

Question:

: : d .
Given that = x — sinxcosx, show that(% = sifx.

[E]
Solution:
2y = X — SiNXCosx

X 1 .
Y= E - ESII’]XCOSX

3_1 = % - [ ésinx( —SinX) + COX ( écosx ) } (Product rule)
= %+§(sir?x) —%cogx
= %(1—co§x) +%sir?x
= %sir?x+ %sir?x (Using  coéx + sirx = 1)
= sinx

© Pearson Education Ltd 2C
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Exercise K, Question 4

Question:
Differentiate, with respect t

@> x>0

b) In
® X2 +9

[E]

Solution:

sinx

@Y= "x

dy XCOSX — sinx x 1

ax - (Using the quotient rule)

X2

__ XCOSX — Sinx

X2

b)Yy = In =lnl1-1In (x¥¥+9)

X2+ 9
= y=-In(x2+9)
dy -

dx X2+9

© Pearson Education Ltd 2C
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Exercise K, Question 5

Question:

Use the derivatives of siand cos to prove that the derivative of tans seéX.

[E]
Solution:
_ _ sinx
Lety =tanx = __
Use the quotient rule with = sinx andv = cosx.
du _ v _ -
Theny~ =coxand~ = - six
As
E _ 1'%—::%
dy v
dy __ COosxcosx — sinx ( — sinx)
dx C052X
coX + simx ]
= ———  (Use codx + sirx = 1)
COSZX
1
COSZX
_ ( _ 1)
= seéx  Assex= o)
So derivative of taix is secx.

© Pearson Education Ltd 2C
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Exercise K, Question 6

Question:

X
f(x) = X2+2,xe&€’

Find the set of values affor which f'(x) <O0.

[E]
Solution:
_ X
f(X) B x2+2
fr _ (X2+2) (1) -x(2x) _ x2+2—2(2 _ 2_X2
(X) - (X2+2)2 - (X2+2)2 - (X2+2)2
_ 2
When ' ( x) <0,W <0

L 2-X2<0  [As (xX2+2)2>0]
SXe> 2
X< = NV2,x> V2

© Pearson Education Ltd 2C
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Exercise K, Question 7

Question:

The function f is defined for positive real valuds< by

3

f(x) =12Inx-x2

Pagel of 1

Write down the set of values »ffor which f(x) is an increasing function af

[E].
Solution:

3
f(x) =12Inx-x2

1 3 1
fr(x) =12x 7 - 37Xx2

X

When f§) is an increasing function, { x) > 0.

.12 31
.X—2X2>0

2 31
.X>2X2

As x > 0, multiply both sides by to give
3,1

12> 5xt2

3
S X2<8
2
S.X<83
le.x<4

© Pearson Education Ltd 2C
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Exercise K, Question 8

Question:
Given thaty = cos X + sinx, 0 <x < 2z, andx is in radians, find, to 2 decimal
. d
places, the values affor which % =0.
[E]
Solution:
y = COS X + Sinx
d :
d—i = — 2sIinX + cosx
dy _
Puty =
. CosX—2sinx =0

.. cosx — 4sinxcosx =0  (Using double angle formula)
l.e.cox(1l-4sinx) =0.

_ 1
J.cosx=0orsik = 2

C.Xx=1570r4.71 0or 0.25 or 2.89

© Pearson Education Ltd 2C
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Exercise K, Question 9

Question:

The maximum point on the curve with equatjon x\|sinx, 0 <x <z, is the
point A. Show that the-coordinate of poinA satisfies the equation
2tanx + x = 0.

[E]
Solution:

y = X\| sinx

g—i:x [%(sinx) -

1

1
Excosx} + (sinx) 2 x1

d
At the maximum point& =0.

1 1
2 2

X; (sinx) ~ 2cosx+ (sinx) 2=0
1

Multiply equation by 2 (sin) 2:

XCOoSX + 2sinx = 0

Divide equation by cos:

X+ 2tarx=0

© Pearson Education Ltd 2C
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Exercise K, Question 10

Question:
f(x) =e0X_y2 xep
@ Find f"(x) .

(b) By evaluatingf(6) and f (7 ) , show that the curve with equatipr f
( x) has a stationary point at= p, where 6 P < 7.

[E]
Solution:

@f (x) =03 -x2
sfr(x) =0.5-% - 2

of'(6) = -196<0

f'(7) =256>0

As the sign changes and the function is continubusx) = 0 has a rogb
where 6 <p < 7.

Soy =f ( x) has a stationary point x = p.
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Question:
f(x) =eXsinx,0 < x < =«

(a) Use calculus to find the coordinates of the tugrpoints on the graph of
y=f(x) .

(o) Show that ' (x) = 8e*cosX.

(c) Hence, or otherwise, determine which turning p@ra maximum and which
IS @ minimum.

[E]
Solution:

@f (x) =e*sinx
S fr(x) =e®(2cosx) +sinX(2e%)
When f' (x) =0, 2 (cosX +sinx) =0

C.SINX = — cosX
Divide both sides by cosx2
tanx= -1
: _ 3z Iz
SL2X= orY,
L, S T
S.X= gorYg (AsO < x =< n)
3n 1 3

Asy=f(x) ,whenx= 5 ,y= ;€ 4

T 1 In
and wherx= 75°,y= - ;€ 4

(3 1 =) (= -1 =) :

SOK s 1y €4 )and\ s 1 o €4 )arestatlonaryvalues.

0 Asf' (x) =2e*(cosX+sinX)
fr(x) =26®( -2sinXx+2cosX) +4e®(cosX + sinX)
= 8e2Xcos2X
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3

T 3z 3r
f " (?) —8e40037:—4\/2e4<0
( 3 3T
maX|mumat\ 3 ’V2 e4]
T Ve Ve
fr (= e4cos—:+4\/2e4>0

\ 8 ) -
ominimum at( ?ﬂ , Q; eYZ )
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Exercise K, Question 12
Question:

The curveC has equatioy = 2¢€* + 3x% + 2. The poinfA with coordinates (0, 4)
lies onC. Find the equation of the tangentGatA.

[E]
Solution:

y =26+ 3% + 2

dy _
™ = 26 + 6X

At the pointA (0, 4),x = 0, so the gradient of the tangenAds 28 +6x0=2.
.". the equation of the tangentAats

y-4=2(x-0)

Le.y=2x+4
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Exercise K, Question 13

Question:

The curveC has equatiog =f ( x) , where
f(x) =3Inx+ =,x>0

The pointP is a stationary point on C.

(a) Calculate thex-coordinate oP.
The pointQ onC hasx-coordinate 1.

(b) Find an equation for the normal@at Q.

[E]
Solution:

1
@f (x) =3Inx+ =
: _3_1
fr(x) =, - 2
3 1
Whenf'(x) =0, -5 =0
X

Multiply equation byx?:

3X-1=0
x=1

1
X= 3

. .1
So thex-coordinate of the stationary poiats 3 .

(b) At the pointQ,x=1. ".y=f(1) =1
The gradient of the curve at po@Qtisf' (1) =3-1=2.

1
So the gradient of the normal to the curv@as - 7.
1
.. the equation of the normalys-1= - 7 (x-1)
: 1 1
lLey= - 5x+175
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Exercise K, Question 14

Question:
Differentiate é*cosx with respect tc.
The curveC has equatioy = e?Xcosx.

(@) Show that the turning points @hoccur when tar = 2.

(b) Find an equation of the tangentGat the point wherg = 0.

[E]
Solution:

Letf(x) =e®cosx

Thenf (x) =e®( -sinx) + cox (2e®)

(a) The turning points occur whenfx) =0.
c.eX(2cox-sinx) =0
.. SiNX = 2CcoX

Divide both sides by cos
tanx = 2

) Whenx=0,y=f(0) =ecos0=1

The gradient of the curve at (0, 1) i10 ) .
f'(0) =0+2=2

This is the gradient of the tangent at (0, 1) also.
So the equation of the tangent at (0, 1) is
y-1=2(x-0)

Sy=2x+1
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Exercise K, Question 15

Question:

Given thatx = y2Iny, y > 0,

.. d
(a) find ﬁ

Pagel of 1

(b) Use your answer to part (a) to find in terms dhe,value oig—i ay = e.

[E]
Solution:

(@)X = yzlny
Use the product rule to give

1
o =Yy ) TInyx2y=y+2yiny

dy _ 1
®) g = w Y +2yiny
dy

wheny = e,
dov 1 1
dx e + 2elne 3e
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Exercise K, Question 16

Question:

The figure shows part of the cur@with equatiory =f ( x) , where f (x)
_ (3 oy ) a-x
= L X3 — 2x je

@ Find f"(x) .
The normal tcC at the origin O intersects at a point?, as shown in the figure.

(b) Show that the-coordinate oP is the solution of the equation
2x% = & + 4.

[E]

Solution:

@f (x) = (C-2x) e X

Sf(x) = (xP-2x) (—e X)) +e X(3¢-2) =e~ X
(=x3+3x%+2x—2)
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(b) The gradient of the curve at (0,C f'(0) = -2

1
The normal at the origin has gradient

1
So the equation of the normal at the origiryis 73X

This normal meets the curye= (x3 - 2x) e~ *atthe poinP.
.. thex-coordinate oP satisfies

%x: (x3-2x) e~ X

Multiply both sides by 2&

xe¥ = 2x3 — 4x

Divide both sides by and rearrange to give
%% =X+ 4
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Exercise K, Question 17

Question:

VA

o
2 J

A

The diagram shows part of the curve with equagienf ( x) where
f(x) =x(1+x)Inx {x>0/{
The pointA is the minimum point of the curve.

@ Find f"(x) .

(b) Hence show that thecoordinate ofA is the solution of the equatiorn= g
(x) , where

1+x

g(x) =e” i+

[E]
Solution:

@F(x) =x(1+x) Inx= (x+x%) Inx

f'(x) = (x+x2) xxl+lnx(1+2x) = (1+x) + (1+2X) Inx

(b) A is the minimum point on the curye=f ( x)
2. f7(x) =0 at pointA,
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So(1+x) + (1+2X)Inx=0
(1 +2X)Inx= - (1+x)

) 1+x

..InX_ - 1+2(
1+X

S.X= e 1+

l.e. thex-coordinate ofA is a solution ok =g (x) where g (X)
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