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Differentiation
Exercise A, Question 1

Question:

F is the point with co-ordinates (3, 9) on the curve with equation?.

(a) Find the gradients of the chords joining the pBitd the points with coordinates:
(i) (4,16)

(i) (3.5,12.25)

(i) (3.1,9.61)

(iv) (3.01,9.0601)

(v) (3+h, (3+h) ?)

(b) What do you deduce about the gradient of the tangentatthe (3,9) 7

Solution:

_ . 16-9 7
a (i) Gradient =7, —5 =7 =7

12.25-9 3.25

(i) Gradient = 5-—5 =75 =65
. _961-9 061
(iii) Gradient = 57 _5 =77 =6.1
. )  9.0601-9  0.0601
(iv) Gradient = 57— =", =6.01
) (3+h) 2-9 9+6h+h2-9 6h + h? h (6+h)
(v) Gradient =~ 37y "5 = h = h = h =6+h

(b) The gradient at the poi ( 3, 9) is the value 06 + h ash becomes very small, i.e. the gradient
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Differentiation
Exercise A, Question 2

Question:

G is the point with coordinates (4, 16 ) on the curve with equgtion?.

(a) Find the gradients of the chords joining the pGitd the points with coordinates:
(i) (5.25)

(i) (4.5,20.25)

(i) (4.1,16.81)

(iv) (4.01,16.0801)

(v) (4+h, (4+h) ?)

(b) What do you deduce about the gradient of the tangent atthe (4, 16) 7

Solution:

. ) _25-16 9
(@) (i) Gradient =—-—,~ =7 =9
. i _ 2025-16 425
(ii) Gradient = —,-—,~ =75 =85
) _ l681-16 081
(iii) Gradient = —,7—,~ =77 =81

16.0801 - 16 0.0801
401-4 - 0.1

(iv) Gradient = =8.01

) (4+h) 2-16 16 + 8h+ h2 - 16 8h+h? h (8+h)
(v) Gradient ==, —4, = h = h = h =8+h

(b) Whenh is small the gradient of the chord is close to the gradient of the tangent, dnis 8lese to the value 8.
So the gradient of the tangent (4, 16) is 8
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Differentiation
Exercise B, Question 1

Question:
Find the derived function, given thakfequals:

X/

Solution:

f(x) = x’
fr(x)=7x8
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Differentiation
Exercise B, Question 2

Question:
Find the derived function, given thakfequals:

x8

Solution:

f(x) = x8
f'(x)=8x’
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Differentiation
Exercise B, Question 3

Question:
Find the derived function, given thakfequals:

x4

Solution:

f(x) = x4
f'(x)=4x3
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Differentiation
Exercise B, Question 4

Question:

Find the derived function, given thakfequals:

w |~

X

Solution:

1
f(x) =x3
2
3

111
fr=3x37 = 3x°
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Differentiation
Exercise B, Question 5

Question:

Find the derived function, given thakfequals:

ENg e

X

Solution:

1
f(x) =x 4
3
4

111
fr= 7x+7 7= 7x7
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Exercise B, Question 6

Question:

Find the derived function, given thakfequals:
3[x

Solution:

f(x) = 3\x = x 5

1 1 11
fr®= 3x37 "= 3X

2
3
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Differentiation
Exercise B, Question 7

Question:
Find the derived function, given thakfequals:
-3

X

Solution:

f(x) =x~3
fr(x)= -3x~3-1= -3x~4
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Exercise B, Question 8

Question:
Find the derived function, given thakfequals:
-4

X

Solution:

f(x) =x~4
fr(x)= —4x"4"1= —4x=°
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Differentiation
Exercise B, Question 9

Question:

Find the derived function, given thakfequals:
1
X2

Solution:

-1 _,-2
f(x) = 2 X

fr(x)= —2x"2-1= —-2x=3
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Exercise B, Question 10

Question:

Find the derived function, given thakfequals:

1

¥°

Solution:

f(x)= = =x"5
(& v

f'(x)= -5x %" 1= —-5x~6
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Differentiation
Exercise B, Question 11

Question:

Find the derived function, given thakfequals:

1

3(x
Solution:
l i
f(xX) = — =x" 3
(& =
1 1 1 4
froo=-3x"371= - x 3
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Differentiation
Exercise B, Question 12

Question:

Find the derived function, given thakfequals:

1
v x
Solution:
1 1
f(x)= T =X 2
1.2 1.2
fr)=—-3x" 277= - 7x7 2
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Differentiation
Exercise B, Question 13

Question:

Find the derived function, given thakfequals:

%%

Solution:

X2
f(x)= % =x2"4=x"2

fr()=-2x"2"1= —2x=3
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Differentiation
Exercise B, Question 14

Question:
Find the derived function, given thakfequals:

L
¥2

Solution:

[%s

f(x)= 5 =x3"2=x1

*2

fro=1xt-1=1x0=1
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Differentiation
Exercise B, Question 15

Question:

Find the derived function, given thakfequals:

% %

Solution:

X6
fx)= 5 =x073=x3

f'(x)=3x2
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Differentiation
Exercise B, Question 16

Question:

Find the derived function, given thakfequals:
x3 x x8

Solution:

f(x) =x3x xB=x3+6=x9
f'(x)=9x8
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Differentiation
Exercise B, Question 17

Question:

Find the derived function, given thakfequals:
X2 x x3

Solution:

f(xX) =x2xx3=x2+3=x5
f'(x)=5x
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Differentiation
Exercise B, Question 18

Question:
Find the derived function, given thakfequals:

X X X2

Solution:

f() =xxx2=xt*2=x3
f'(x)=3x2
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Differentiation
Exercise C, Question 1

Question:
—2
Find - wheny equals:
(@) 22 - 6x+3
1
(b) gxz + 12

(c) 42 -6

(d) &2+ 7x + 12
(€)5 + 4x — 5x2
Solution:

(@)y=2x2-6x+3
d
T =2(2) -6(1)+0=&-6

1
(b)y= 5x*+ 1

dy 1
= = S(2X) + 12(1) =x + 12

dx

(c)y=4x2-6
dy
= 4(2) - 0 = &

(d)y=8x%+ 7x + 12
d
=82 +7+0=16+7

(e)y=5 + 4x - 5x2
dy
o =0+ 4(1) -5 =4 - 1
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Differentiation
Exercise C, Question 2

Question:

Find the gradient of the curve whose equation is
(a)y = 3x% at the point (2,12)

(b)y = x2 + 4x at the point (1,5)

(c)y=2x2 - x - 1 at the point (2,5)
1, 3 ,
(d)y= 7x*+ Sxatthe point (1,2)

(e)y =3 - x2at the point (1,2)

(Hy=4-2x2atthepoin ( -1,2)

Solution:

(@)y = 3%
dy
dx

Atthe point (2,12) x=2.

= 6X

. : . _ dy .
Substitutex = 2 into the gradient expressiq ~ x ® give

gradient =6 x 2 =12.

(b)y = X2 + 4x

dy

i = Xt4

Atthe point (1,5) x=1.

d
Substitutex=1intoﬁ = X + 4 to give
gradient =2x1+4=6
(Cy=2¢-x-1
dy
w = x-1
Atthe point (2,5) x=2.

d
Substitute(:Zintoﬁ =& - 1to give

gradient =4x2-1=7

1, 3
(d)y= 7x°+ 37X
dy 3
dx =X+ 2

Atthepoint (1,2) ,x=1
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. o dy 3.
Substitutex = 1 into = =x+ 7to give

. 3 1
gradient =1+7 =2

(€)y=3-x

dy

dx

At (1,2) x=1.

. . dy :
Substitutex = 1 into .~ = - Xto give
gradient = —-2x1= -2
Hy=4-2¢

dy
dx

At (-1,2) x= -1.

= —4X

. .y .
Substitutex = - 1linto' = = - &to give

gradient= —-4x -1= +4
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Differentiation
Exercise C, Question 3

Question:

Find they-coordinate and the value of the gradient at the point Pxdatordinate 1 on the curve with equation
y=3+2x-x2

Solution:

y=3+X-x?

Whenx=1,y=3+2-1

= y=4whenx=1
Differentiate to give

4y _
o =0+2-X

_.
Whenx =1, w —2-2

& _
= i =0whemx=1

Therefore, they-coordinate is 4 and the gradient is 0 whenx-coordinate is 1 on the given cur

© Pearson Education Ltd 2C
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Differentiation
Exercise C, Question 4

Question:

Find the coordinates of the point on the curve with equy = x2 + 5x — 4 where the gradient is

Solution:

y=x2+5x—4

4y _
o = 2X+5

Putz_i =3
Then X+5=3
> XxX=-2
> x=-1
Substitutex = — 1 intoy = x2 + 5x — 4:

y=(-12+5(-1)-4=1-5-4= -8
Therefore. ( — 1, —8) is the point where the gradient i

© Pearson Education Ltd 2C
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Differentiation
Exercise C, Question 5

Question:

Find the gradients of the cury = x2 — 5x + 10 at the point:A andB where the curve meets the liy = 4.

Solution:

The curvey = x2 - 5x + 10 meets the ling = 4 when
x2-5x+10=4

X2-5x+6=0

(x-3) (x=-2) =0

x=30rx=2

The gradient function for the curve is given by

dy
x = 2X-5
dy
whenx=3,& =2x3-5=1

o, ¥ _
WhenX—Z,dX =2x2-5=-1

Sothe gradientsa-l1andl1a (2,4) and (3, 4) respectively

© Pearson Education Ltd 2C
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Differentiation
Exercise C, Question 6

Question:

Find the gradients of the cury = 2x2 at the point:<C andD where the curve meets the liy = x + 3.

Solution:

The curvey = 2x2 meets the ling = x + 3 when
2%=x+3

2%2-x-3=0

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

x=150r -1

d
The gradient of the curve is given by the equa’;ﬁsn X=4

The gradient at the pointwhexee —1is4 x - 1= -4,
The gradient at the point whexe= 1.5is 4 x 1.5 = 6.
Sothe gradienti—-4at ( —1,2) andis6a(1.5,4.t) .

© Pearson Education Ltd 2C
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Differentiation
Exercise D, Question 1

Question:
Use standard results to differentiate:

(@x*+x-1
(b) 3% 2

1

()X~ 2
Solution:

(@ fx) =x*+x"1
frx)=ac+(-1x" 2

(b) () = 5x"2

0= 5(-2) 3= -x73

I+~

) fx)=2x" 2
(1) .2 3
frx)=2 -2 xl2=-x"2
L2

© Pearson Education Ltd 2C
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Differentiation
Exercise D, Question 2

Question:

Find the gradient of the curve with equation f(x) at the poinfA where:
(@) fx) =x3—3x+2andAisat ( —1,4)

(b)f(x) =3x2+2x~landAisat (2, 13)

Solution:

(@) f(x) =x3—3x+ 2

f'(x)=32¢-3

At (-1,4) x= -1.

Substitutex= - 1tofindf' (- 1)=3(-1f-3=0
Therefore, gradient = 0.

(b) f(x) = 32 + 2x~ 1

fr()=6x+2(-1x 2=6x-2x"2
At (2,13) x=2.

2 1
f'(2=6()-202)y2=12- 7, =113

1
Therefore, gradient =13

© Pearson Education Ltd 2C
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Differentiation
Exercise D, Question 3

Question:
Find the point or points on the curve with equationf(x), where the gradient is zero:
(@) f(x) = x% — 5x

(b) f(X) = x3 — 92 + 24x — 20

3
(©)f)=x2 —-6x+1

(d)f(x) = x~ 1+ 4x

Solution:

(a) f(x) = x2 — Bx
f'"x)=2x-5
When gradient is zero, f(x) = 0.
= X-5=0
=> x=25
Asy = f(x), y = f(2.5) whenx = 2.5.
=> y=(25f-52.5)= -6.25
Therefore, (2.5, —6.25) is the point on the curve where the gradient is zero.

(b) f(X) = x3 — 92 + 24x — 20
fr(x)=3x%— 18+ 24

When gradient is zero, f(x) = 0.

= 3I-1&+24=0

> 30x2-6x+8)=0

= 3(x-4)(x-2) =0

= X=4o0rx=2
Asy=f(x),y=f(4) whenx = 4.

> y=48-9x4£+24x4-20= -4
Alsoy=f(2) whenx = 2.

> y=28-9x2+24x2-20=0.
Therefore,at (4, —4) andat (2, 0) the gradientis zero.

(c)f(x):xg -6x+1

3 1
f'x=3%x2-6

When gradient is zero, f(x) = 0.

3 1

= EXZ_G:O
1

> X2z=4

> x=16

Asy=f(x),y=f(16) whenx = 16€.
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3
> y=162-6x16+1= -31
Therefore, at (16, — 31) the gradientis zero.
(d) f(x) =x~ 1+ 4x

fr=-1x"2+4
For zero gradient, f(x) = 0.

> -x"2+4=0
=> i:4
X2
1
= + =
=> X= % 7

1
Whenx= - 7,y=

_.,
VR
|

N |-
N—
1

1
-, , —4) are points on the curve where the gradient is zero.

(1
erefore, ,4) an
Theref K 5 »4)and

© Pearson Education Ltd 2C
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Differentiation
Exercise E, Question 1

Question:
Use standard results to differentiate:

(a) 2+ x
3
(b) z
1
(©) o
1
(d) 3x3x - 2)

(e)% +x

1

0 3Ax+ 5

2x+ 3
(9)

32 -6

(h)

23+ 3x
0] v x

() x (@ -x+2)
(K) 32 (X2 + 2x)

(1)
* )

() (3x - 2) \ 4+
Solution:

(a)y:2\/x:2x§

o (1)
dx_2\2)X

N |-
N |~

1
x



Heinemann Solutionbank: Core Maths 1

Dr. Faisal Rana www.biochemtuition.com

(b)y= = =2
X

dy _ _
o =3(-2x 3= —6x73

1
@y= — = 3x73

@y 1 _ _
dx — 3(_3)X 4= - X 4

(d)y= %x3(x—2): éx“— §x3

dy
dx

4 2 4
= 3x3- 3 x3¢= 73 -2¢

1
(e)y = 33 +Yx=2x"3+x2

X

dy 1 1
o S 6T DX 2
1 = 1
My=3x+ 5 =x3+ 3x
dy 1 2
o = 3x 0T x7?
_2x#3 2 3 1
@y= "% =% tx =2+
dy
<L _f_a -2
o =0~ X
- 3® s .
(hy= "% =% - %X =X-6x
dy
= _ -2
o =3+ 6
23+ 3 1 1

(|)y: ¢XX:£+3_X:2(22+3)(2

1 1

X5 X
dy =
o =oxtz + 15"

(j)y=x(x2—x+2) =3 - x2 + 2x

d
L 32 2x+2

dx=

(Ky=32(x2+2x) =3x*+6x3
d
o =123+ 18¢
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| —3—24+i\ =1X%-8 +3—3—12<2—8x+3—2x-l
(N y=(3x-2)(4x X)— X =~ =

dy

= _ _ -2

dx—24x 8 + X

© Pearson Education Ltd 2C
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Differentiation
Exercise E, Question 2

Question:
Find the gradient of the curve with equation f(x) at the poinA where:

@fx)=x(x+1) andAsat (0,0)

(b) f(x) = Zx—;ﬁandAisat (3,0)
1 , ( 1
(©)f(9 = —/, andAis at k 712

(d) f(x) = 3x - izand Aisat (2,5)

Solution:

(@) f) =x(x + 1) =x2 + x
fr(x)=2x+1

At (0,0) ,x=0.

Therefore, gradient =f(0) =1

2
= X _ 6 _ % oy 2-—9y-1_gy-2
(b) f(x) = - = 2 x 6X 2x 6X

frx)= —2x"2+12x° 8
At (3,0) ,x=3.

Xx-6 _ X 6
2

12 2

A () — 2 2 _ 2 _2
Therefore, gradient ="f(3) = — StS =-9*tn =%
3 3

1

1 1
©f)= 7, =x" 2

1 3
fre= - 5x°
At (%,2),X= 2
Therefore, gradient ='f (%) = - % (%) —3: - % xB= -4

(d) f(x) = 3x - iz = 3x- 4x~ 2
X

f'(x)=3+8x3
At (2,5) ,x=2.

8
Therefore, gradient =f(2)=3+8(2) "3=3+ 3 =4

© Pearson Education Ltd 2C
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Differentiation
Exercise F, Question 1

Question:
oy Ay
Find .~ and o2 whely equals:

12x2 + 3x + 8

Solution:

y=122+3x+8
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Differentiation
Exercise F, Question 2

Question:

dy by .
Find .~ and o2 whely equals:

3
15x+6 +

X

Solution:

3
y=1x+6+ L =15 +6+ X!
dy

Y e _a-2

o = 15— X

e AP
@ T
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Differentiation
Exercise F, Question 3

Question:

dy by .
Find .~ and o2 whely equals:

9Vx- =
X2
Solution:
3 l
y=9Vx- = =92 —3x~2
X2
dy 1 1
G SA5xT 2z +6x73
&y 3
G2 S T25xT 2 -1&d
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Differentiation
Exercise F, Question 4

Question:
oy Ay
Find .~ and o2 whely equals:

(5x+4) (3x-2)

Solution:

y=(5x+4)(3x-2)=15¢+ 2x - 8
dy
o = 30+ 2
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Differentiation
Exercise F, Question 5

Question:

dy by .
Find .~ and o2 whely equals:

3x+8
X2
Solution:
3
= 38 X 8 = & 2=3x 1482
X2 X2 X2 X
dy
=L _ _ay-2_ -3
o = — 3X 72— 16x
d%y

G2 S exT A
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Differentiation
Exercise G, Question 1

Question:
o
Find 5 wheref = t? - 3t

Solution:

0=1t2- 3t
4 _
G =2t-3
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Differentiation
Exercise G, Question 2

Question:
. dA
Find o whereA=2nr

Solution:

A=2nr
oA _
ar =27
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Differentiation
Exercise G, Question 3

Question:

12

dr
Find at wherer = :

Solution:
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Differentiation
Exercise G, Question 4

Question:
. dv
Find & wherev = 9.8 + 6

Solution:

v=98+6

& _
o =98
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Differentiation
Exercise G, Question 5

Question:

5
whereR=r + T

. OR
Find o

Solution:
5
R=r+ r_:r+5r‘1
& _5-2
ar =1-5
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Differentiation
Exercise G, Question 6

Question:
. dx
Find 5 wherex =3 - 12 + 4t2

Solution:

X=3- 12 + 4t2
dx

o =0-12+8
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Differentiation
Exercise G, Question 7

Question:
. dA
Find " whereA = x (10 —x)

Solution:

A=x(10 -x) = 10x — x2
da
=10 - X
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Heinemann Solutionbank: Core Maths 1 Pagel of 2

Dr. Faisal Rana www.biochemtuition.com faisal.rana@biochemtuition.com

Solutionbank C1
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Differentiation
Exercise H, Question 1

Question:
Find the equation of the tangent to the curve:

(@)y = x2 - 7x + 10 at the point (2,0)

)

1 1

(b)y=x+ ;atthepoint( 2,2
\ )
(c)y = 4 x at the point (9,12)
2x-1 .
(d)y= —atthe point (1,1)
(e)y=2x3+ 6x+ 10 atthe point ( -1,2)
Hy=x2+ _—27atthepoint (1, -6)
X

Solution:

(@)y=x2-7x+ 10

dy

o = X7

At (2,0) ,x=2,gradient =2x2-7= -3.
Therefore, equation of tangent is
y-0=-3(x-2)

y= —-3x+6

y+3x-6=0

1
(b)y=x+ 7 =x+x71

dy
=L _ 1 _y-2
dx—l X

(1)

3
_ ; _q_~-2_ =
At kZ’ZZJ X=2,gradient =1-2<= 7.

Therefore, equation of tangent is

1_3
y_22 = 46(_2)

3 1 1
y= ,x-1735 +27
3
y= ,x+1
dy-3x-4=0

1
2

(c)y =4~ x=4x
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dy 2
dx_2X 2

1
S = =

At (9,12) x=9,gradient =2x9 2 =

Therefore, equation of tangent is

2
y-12=5&-9)

y= 2X-6+12

N wN

y= 3x+6

3y-2x-18=0

2x-1 2_x 1 1
(dy= " =5 - % =2-x

dy
= _ -2
ix =0+Xx

At (1,1) ,x=1,gradient = T2=1.
Therefore, equation of tangent is
y-1=1x (x-1)

y=X

(e)y = 23 + 6x + 10

dy
—_ 2
i =6Xx°+ 6

At (-1,2) x= —-1,gradient =6 ( -1 +6=12.
Therefore, equation of tangent is

y-2=12[x- ( -1) ]

y-2=1X+ 12

y=1+ 14

Hy=x2- 12 =x2-7x"2
X

dy
= _ -3
ix =2X+ 14x

At (1, —-6) ,x=1,gradient =2 + 14 = 16.
Therefore, equation of tangent is
y-(-6)=16(x-1)

y+6=16<- 16

y =16x — 22
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Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Differentiation
Exercise H, Question 2

Question:
Find the equation of the normal to the curves:

(a)y = x2 - 5x at the point (6, 6)
8
(b)y=x?~- — atthe point (4,12)

Solution:

(@)y = x2 - 5x

dy

x = 2X-=5

At (6,6) ,x=6, gradientofcurveis2x6-5=7.

Therefore, gradient of normal is =
The equation of the normal is

1
y-6= - 7&-6)

7y—-42= -x+6
7y+x-48=0

8 1
(b)y=x2- 7, =x-8x" 2

w

dy 3
ax =X+ AXT 2

3
2

: : 4 _ ¥
At (4,12) x=4,gradientofcurveis2x4+4(4) 2 =8+ 3 =

2

Therefore, gradient of normal is T

The equation of the normal is
2
y-12= - 5 &-4)

17y -204= -%X+8
17y +2x-212=0

© Pearson Education Ltd 2C
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Differentiation
Exercise H, Question 3

Question:

Find the coordinates of the point where the tangent to the yurvé + 1 at the point (2,5) meets the normal to the
same curve at the poi (1,2) .

Solution:

y:x2+1
dy
&=2x

dy

At (2,5) x=2,3 =4

The tangentat (2,5) has gradient 4.

Its equation is

y-5=4(x-2)

y=4x - 3®

The curve has gradient 2 at the point (1,2) .

1
The normal is perpendicular to the curve. Its gradient is -

The equation of the normal is
1
y-2= - 3&-1)
1 1
y= - 5x+25,Q@

Solve Equation@ and® to find where the tangent and the normal meet.
Equation@ - Equation@:

_ .1 1
0—42x—52

Therefore, the tangentat (2,5) meetsthe normalat (1,2

I~
o |
—
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Differentiation
Exercise H, Question 4

Question:

Find the equations of the normals to the cyrwex + x3 at the points (0,0) and (1,2) , and find the coordinates
of the point where these normals m

Solution:

y=x+ X3
d
o = 1+3¢
At (0,0) the curve has gradient 1 + 3%91.
1
The gradient of the normalat (0,0) isT = -1

The equation of the normalat (0,0) is

y-0=-1(x-0)

y= -x®

At (1,2) the curve has gradient 1 + 3%=14.
1

The gradient of the normalat (1,2) is -

The equation of the normalat (1,2) is

1

y-2=-,k-1)

4y-8= -x+1

4y +x-9=0

Solve Equation@ and® to find where the normals meet.

Substitutey = - x into Equation®:
-4x+x=9 = x= -3andy= +3.
Therefore, the normals meet ( -3, 3) .

© Pearson Education Ltd 2C



Heinemann Solutionbank: Core Maths 1 Pagel of 1

Dr. Faisal Rana www.biochemtuition.com faisal.rana@biochemtuition.com

Solutionbank C1
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Differentiation
ExerciseH, Question 5

Question:

For f(x) = 12 - 4 + 2X2, find an equation of the tangent and normal at the point wtrere- 1 on the curve with
equationy = f(x). [EI

Solution:

y=12 - &+ 232
dy
o =0 -4+ &

_ & _ _
whenx = -1, = —4-4=-8

The gradient of the curve is — 8 whesr - 1.

Asy = f(X), whenx = -1

y=f(-1)=12+4+2=18

The tangentat ( — 1, 18) has gradient - 8. So its equation is
y-18= -8k + 1)

y-18= -&-8

y=10 - &

-1 1
Thenormalat ( -1,18) hasgradien; 3z . Soits equation is

1 A

y-18= 73 kx+1}

8y - 144 =x + 1
8y - x— 14£=0

© Pearson Education Ltd 2C
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Differentiation
Exercisel, Question 1

Question:

A curve is given by the equatign= 3x2 + 3 + iz , Wherex > 0.
X

At the pointsA, B andC on the curvex =1, 2 and 3 respectively.
Find the gradients A, B andC. [E]

Solution:

y=3x2+3+ iz =32 +3+x72
X

o S X-2xT3=6x- =
X3

2
13

dy
Whenle,dx =6x1- =4

Fig rY)

_, W 2 _ 2 _
Whenx-2,dx —6><2—; —12—8 =1

_a I 2 _ 2 _.A
Whenx—3,dx —6><3—§ =18-7; =17

3 25
The gradients at points B andC are 4, 11, and 17, , respectively.
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Differentiation
Exercisel, Question 2

Question:
1
Taking f() = 3 x* — 42 + 25, find the values of for which f' (x) = 0. [E]

Solution:

1
f(x) = 3x* - 42+ 25

fr(x)=x3-8x
When f' (x) = 0,
x3-8x=0
x(x2-8) =0
x=0orx2=8
x=0or +V8
x=0or £2+2
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Differentiation
Exercisel, Question 3

Question:

A curve is drawn with equatiolnz 3 + 5¢ + x2 - X3, Find the coordinates of the two points on the curve where the
gradient of the curve is zerlE

Solution:

y=3+5+x-x3

dy
== _ — 22
dX—5+2x 3x

dy
Put 5 =0. Then

5+X-3¥=0
(5-3) (1+x) =0
5

Xx= —lorx= 3

Substitute to obtain
y=3-5+1- ( —1)3whenx= -1, i.e.
y=0whenx= -1

and

y=3+5(§) . (} ()Wh
%5 25 125 13 5

y:3+ 3 + 9 T o7 =927When<= 3

2 1
So the points have coordinates ( —=1,0) aEd 31 5 9]
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Differentiation
Exercisel, Question 4

Question:

Calculate thex-coordinates of the points on the curve with equey = 7x2 — x3 at which the gradient is equal to [El

Solution:

y=72-x3

dy
=L _ )
% = 14x — 3x

dy .
Put wx = 16, i.e.

14x - 3x2 = 16

32 -14x+16=0

(3x-8) (x-2) =0
8

X = 3orx:2

© Pearson Education Ltd 2C
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Differentiation
Exercisel, Question 5

Question:

Find thex-coordinates of the two points on the curve with equatien — 11x + 1 where the gradient is 1. Find the
corresponding-coordinateslE]

Solution:

y=x3-11x+1
dy
o =X -11

d
As gradient is 1, puﬁ =1, then

3x-11=1

3x2=12

X2 =4

X=x2

Substitute these values inte= x3 - 11x + 1:
y=28-11x2+1= -13whex =2 and
y=(-2@-11(-2)+1=15whex= -2

The gradient is 1 at the poir (2, —13) and ( -2, 15) .
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Differentiation
Exercisel, Question 6

Question:
9
The function fis defined byXf = x+ 77,x € £ x# 0.

(a) Find f' (x).

(b) Solvef ' (x) = 0. [El

Solution:

9
@f) =x+ T =x+9x"1

frg=1-%x"2=1- 2
X2

(b) When f' (x) = 0,

1- 2 =0
X

X2

x2=9

X= +3
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Differentiation
Exercisel, Question 7

Question:
Given that
3 48
2

y=xz2+ 77,x>0,

d
find the value ok and the value qfwhenﬁ =0olEl

Solution:

3 48 3
y:x2+7:x2+48(_l
dy 3 =
o = oXz — 42

N |w
N |-
N
3

1

Multiply both sides by?:
3,-
oX“2 =48

1

X2 2 =32
2

x=(32) s

x=4

3

3 8
Substitute to giveg =4 2 + 47 =8+12=20
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Differentiation
Exercisel, Question 8

Question:

Given that

1
2

N [~

y=3x2 —4x~ 2,x>0,

—l
find o, . [El

Solution:

1 1

y=3x2 —-4x" 2
dy 3 1
= 2

© Pearson Education Ltd 2C
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Differentiation
Exercisel, Question 9

Question:

1
A curve has equation= 12x 2 — x

3
2

dy 3 1
(@) Show that; = =5X" 2(4 -X)

(b) Find the coordinates of the point on the curve where the gradient i[El

Solution:

d

(b) The gradient is zero Wheﬁ' =0:
3 1
5X7 2(4-x=0
Xx=4

1 3
Substitute intoay = 12x 2 — x 2to obtain
y=12x2-2=16
The gradient is zero at the point with coordini (4, 16) .
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Differentiation
Exercisel, Question 10

Question:

(3

(a) Expand , x
\

Y[
_1jkx

(b) A h fi 2 1\ ( STt > 0. Find =
curve has equation= kxz— ) \x 2 ),x Find .

(c) Use your answer 1b to calculate the gradient of the curve at the point wx = 4. [E]

Solution:

3 1 3 1
(a)(x?—l) (x‘5+1) =xX+X2-X"2-1

2 1
(b)y=x+x2-x"2-1
dy 1 1 3
&=1+ 2X2+ 7XT 2

Y 3 1 1 i 1
(c)Whenx=4, - =1+ 75 x2+5 x— =1+3+, =4,
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Differentiation
Exercisel, Question 11

Question:
Differentiate with respect i

X2 + 2x

23+ Vx+ [E]

X2
Solution:

X2 + 2x

Lety =23+ Vx+ 2

e,
> y=23+xz2+ L+ =
X2 X2

1
> y=2C+x2+1+X71

dy 1
o =6+ DX

1
= 2
dx

1
- -2 _-ay2 -
2X = 6X° + 24 x

><N|,\_,
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Differentiation
Exercisel, Question 12

Question:

The volume cn, of a tin of radius cm is given by the formul = n (40r - r2-r3) . Find the positive value of

dv
for which 3~ =0, and find the value ®fwhich corresponds to this valueroEl

Solution:

V=m (40r -r2-1r3)
dv

o =40m -2mr-3nr?

&
Put 5~ =0, then

n (40-2-3r2) =0
(4+r) (10-3) =0
10

r= 30r—4

10
Asr is positiver = 7.

Substitute into the given expression Yor

(10 100 1000 _ 2300
\/=7T\‘m><3_9_27)=277t
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Differentiation
Exercisel, Question 13

Question:

The total surface area of a cylindem? with a fixed volume of 1000 cubic cm is given by the formAia2 © x? +

2000
—,_» Wherex cm is the radius. Show that when the rate of change of the area with respect to the radiug’is zero,

— . [E]
Solution:

2000
A=2mx2+ —— =2mx*+200x" !

dA
o S4mx-200 2=4xx- 220
2

X
dA

When = =0,
2000
4nx= 29
X2
2000 500
x3: =
47 T
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Differentiation
Exercisel, Question 14

Question:

The curve with equation= ax? + bx + ¢ passes through the point (1, 2) . The gradient of the curve is zero at the
point (2, 1) . Find the values ca, b andc. [E]

Solution:

The point (1, 2) lies on the curve with equatjon axZ + bx + c.
Therefore, substitute= 1,y = 2 into the equation to give

2=a+b+c®

The point (2, 1) also lies on the curve.
Therefore, substitute= 2,y = 1 to give

1=4a+2b+c®
Eliminatec by subtracting Equatio® - Equation®:

-1=3+b®

. . . . . dy
The gradient of the curve is zero at (2, 1) so substitat@ into the expression faf, = 0.

Asy=ax?+bx+c

dy
ix =2ax+b

At (2,1)
0=4da+b®

Solve Equation$d and@® by subtracting® - ®:
l=a
Substitutea = 1 into Equatior@ to giveb = - 4.

Then substituta andb into Equation@ to givec = 5.
Thereforea=1,b= -4,c=5.
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Differentiation
Exercisel, Question 15

Question:

A curveC has equatioy = x3 — 5x2 + 5x + 2.
. gy .
(@) Find "~ in terms oX.

(b) The pointd andQ lie onC. The gradient o€ at bothP andQ is 2. Thex-coordinate oP is 3.
(i) Find thex-coordinate ofQ.
(ii) Find an equation for the tangent@aat P, giving your answer in the formm= mx + ¢, wherem andc are constants.

(iii) If[thils tangent intersects the coordinate axes at the pRiatglS, find the length oRS giving your answer as a
surd.lE

Solution:

y=x3-5x2+5x +2

d
(@) o =3@-10x+5

d
(b) Given that the gradient is g)% =2

33X -10x+5=2

3 -10x+3=0

(3x-1) (x-3) =0
1

X = gorS

1
(i) At P,x = 3. Therefore, a@, x = 7.

(i) At the pointP, x=3,y=33-5x ¥ +5x3+2=27-45+15+2= -1
The gradient of the curve is 2.

The equation of the tangentRis

y-(-1)=2(x-3)

y+1=%-6

y=2x-17

(i) This tangent meets the axes when 0 and whery = 0.

1
Whenx=0,y= —7.Wheny=0,x=37.

)

1
The tangent meets the axesat (0, —-7) %d 5 3 } 0
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. ! ) ,_[= 7 7
The distancds = \32_0] +[0-(-7)12=\" +49= 73 1+4:2\/5.
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Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Differentiation
Exercisel, Question 16

Question:

8
Find an equation of the tangent and the normal at the point whe2eon the curve with equatign= 7 - x + 3x2,

x > 0. [El

Solution:

8
y= ; —x+3=8x"1-x+3x

dy
o R R

dx
X

_, 8 _
whenx—2,dx =-,-1+12=9

8
Atx=2y= 5 -2+3x2=14
So the equation of the tangent through the point ( 2, 14 ) with gradient 9 is

y—-14=9k-2)
y=9x-18 +14
y=9%-4

The gradient of the normal is % , as the normal is at right angles to the tangent.
So the equation of the normal is

y-14= - 5 &-2)

9y + x = 12¢

© Pearson Education Ltd 2C
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Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Differentiation
Exercisel, Question 17

Question:
The normals to the curvey2 3x3 — 7x2 + 4x, at the point®© (0,0) andA (1, 0) , meet at the poii.
(a) Find the coordinates bE

(b) Calculate the area of trian¢OAN. [E]

Solution:

(@) 2 = 33 — Tx2 + 4x
3 7
y= 53 - 5%+ 2x

dy 9
=L _ 2 2_
x = 2X X+ 2

At (0,0) ,x=0, gradientof curveis0-0+2 =2,

1
The gradient of the normalat (0,0) is 7
1
The equation of the normal at (0, 0)yis - X

9 1
At (1,0) ,x=1,gradientofcurveiy -7+2= 3

The gradient of the normalat (1,0) is 2.
The equation of the normalat (1,0)yis 2(x—-1) .
1

The normals meet whgn=2x - 2 andy = - 7, x
_ 1
2Xx—-2= - 37X
i_
25x=2

h.ol _ 4
x-2722—5

N |-

2
Substitute intgy = 2x - 2 to obtainy = - 7 and check iy = -

( 2 )

N has coordinateskg , _5]

(b)
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4 =2

1
The area of A OAN = 7 base x height

base b) =1

2

heightf) = 3
1 2 1
Area= 75 x1x77 =71
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