AQA Level 2 Further Mathematics Calculus

Section 1: Introduction to differentiation

Solutions to Exercise

1.

L) Y=2x+1

a
—g::Z
dx

i)y y=x>-5x

dy _

< —z3x*-5
dx

(i) y=x(x+2)=x"+2x
Ay

-~ =2x+2
dx

@) y=3x"—4x+1
o
L
ox

i) y=(x+2)(x-1)

=x*+x—1

dy
dx

=2x+1

(i) y=x"(x—-1)
=x7 —x°
dy

=7x° —6x°
ox

Y=2x"—3x°-x" +3x

d
—5:10x4—j/<2—2x+3
dx

dy

when x = -1, == =10(-1)* — 9(—1)* —2(-1)+=3
dx

=10—- 9+2+3
=6

The rate of change of Yy with respect to x whew x = -1 is &.
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4. y=@x-3)(x"+1)
=2xX°*-3xX*+2x—-3

d
—g:exz—e,HQ

dx
olg R
When x =2, = =6xX2°"—-6x2+2
dx
=24 —-12+2

The vate of change of Y with respect to x whew x = 21s 14,

5 () y=12x-4°

d
°d _ 12 —34°
Ax
a
when x = 0, _3212
dx

The gradient of the curve at the origin is 12,

(it) when gradient is zevo, 12 —3x% =0
4-x"=0
(+x)(2-x)=0
X=—20rX=2
When x = -2, y=12x-2-(-2)° =-24+g=—1¢6
Whenx =2, y=12x2-2°=24-2=16
The gradient is zevo at (-2, -16) and (2, 16),

6, Yy=x"—-x+1

d

—5=4x3—1

dx
dg R

whenx =1, - =4x1"—-1=4—-1=23
dx

Wwhenx =1, y=1"-1+1=1
The tangent (s the stralght Line with gradient 2 passing through (1, 1).
Equation of tangent is y—1=3(x—1)

Y-1=3x-3

Yy=3x-2

20f6 11/06/13 © MEI



AQA FM Calculus 1 Exercise solutions

FooYy=x"-x
a
ox

dy
when x =3, —=—=2x2—-1=5
Ax

Gradient of tangent = 5, <o gradient of normal =—%.

5

The normal is the straight Line with gradient —% passing through (3, &).
Equation of normal is Yy-e=-%:(x-3)

5(y—e)=—(x—-3)

54—30=-x+3

5y+x=33

where the normal wmeets the x-axis, Y =0sox =33
The normal meets the x-axis at (33, 0).

g, g=x3+2x2

Ay
dx
when gradient is 4, 3x° +4x =4

=3X" +4x

B +4x—4=0
(zx-2)(x+2)=0

X=2 or x=—2

9. (1) whenx =1, Y =2x"=2x1°=2
when x =1, g=3x2—1=3x12—1:2
so the point (1, 2) Lies on both curves,

i) . dy
W y=2x* =>-L=06x
g adx
when x =1, gradient =6x1 =6
dy
=3x"-1 =% =06x
g Ax

Whewn x = 1, gradient =6x1 =6
so the curves have the same gradient at this point.

(TiL) The two cunses touch each other at (1, 2).
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10.g=ax3+bx
whewx=1,3:a+b =a+b=¢

o
_ﬂZBMQ +0
dx
when x = 1, gradient =34+6 —=3a+b=12
2a+b=12
at+b=¢g
Subtracting: 20 =4
a=2,b=6
1o y=x"+x+2
ol
_5:3/(2 +1
dx
o
when x = 1, —g:3x12+1:4
dx

whenx =1, y=1>+1+2=4
The tangent has gradient 4 and passes through the point (1, 4).
Equation of tangent is y—4 =4(x —1)
Y—4=4x—4
Y=4x
So the tangent passes through the origin,

qradient of normal =—=%
Equation of normal is Yy—4=—%x-1)

4y —4)=—(x-1)
4Yy-16=—x+1
44y + X =1F

when y = 0, x = 17, so s (1F, 0).

L PE4)

/ &R (1?/ 0)

Aven of triangle =3 xbase xhelght =3 x17 x4 =34
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12 < =24
dx
The gradient of the tangent at the point (3, 9) is 2 x 3 =6.

The equation of the tangent is (¢ — 9) = &(x —3)
y=ex-39
This crosses the Y-axis at the point (0, 9)

13, (1) The norwal is perpendicular to the tangent so angles BOD and BLCD are
right angles.
A clrele with diaweter BD would pass through © and C (angle in a
semalcirele is 90°).
(it) %y =2X—4
ox
At (0, 0) the gradient of the tangent is -4,
The equation of the tangent is Yy = -4x.

At (4, 0) the gradient of the tangent is 2X4 -4 = 4
The equation of the tangent is (Y-0) =4Kk-4)
Y=4x-16
Y=—4x
Yy=4x-16
2y =-1e
y=-2
—8=—4X
X=2
D is the point (2, -8)

At (0, 0) the gradient of the normal is Ve,
The equation of the normal is Y = 2/4x,

At (4, 0) the gradient of the normal is /4

The equation of the normal is (Y-0) = (x~4)
y= -x+t1

y=%n

Yy=—5x+1

2y=1

Yy=05

0.5 = 1/4x

x=2

B (s the polnt (2, 0.5).
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The centre of the circle is the midpoint of BD (2, -3.75).
BD is the diameter of the clrcle; it has length 8.5, The radius of the circle is
4.25.

6 of 6 11/06/13 © MEI



