Edexcel AS Mathematics Differentiation (’

Topic Assessment

1. Differentiate with respect to x:

i) y=x'+2x=3¢ (i) y="TF iy y-&Z2@xH)
Jx X
[8]
2
2. Giventhat x = (3u+2)(u*-3), find j—)z( in terms of u. [3]
u
3. Acurve has equation y =2x>—3x*—-8x+9.
(i) Find the equation of the tangent to the curve at the point P (2, -3). [3]
(if) Find the coordinates of the point Q at which the tangent is parallel to the tangent at
P. [3]
4. (i) Find the equation of the normal to the graph y = x—% at the point where
X
x=1. [3]
(if) Show that the normal does not meet the curve again. [5]
5. A curve has equation y =2x> —6x.
(i) Find the points where the curve crosses the x-axis. [2]
(i) Find g_y Hence find the stationary points on the curve. [3]
X
2
(iii) Find j—¥ and use this to determine the nature of the stationary points. [3]
X
(iv) Sketch the curve. [2]

6. Find the stationary points of the graph y = 1 +i2 —ig and determine the nature of each.
X X

X
[7]
7. Two real numbers x and y are such that 2x + y = 100. Find the maximum value of the
product of the two numbers. [5]
8. A cuboid has a square base of length x cm and height y cm.
(i) Show that the surface area of the cuboid is 2x* +4xy . [2]
The surface area of the cuboid is 24 cm?.
(i) Show that V = 6x — 0.5x° [3]
(iii) Show that the maximum volume of the box occurs when x = 2, and find this
maximum volume. [4]
9. Use differentiation from first principles to show that the derivative of x* is 4x°.
[4]

Total 60 marks
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Solutions to Topic Assessment

a
1, () y=x"+2x-3x° :>—g=4x3+2—jx2

dx
[2]
3+2x
(i) Y= =3 2 +2x2
Jx
d
—gzsx—§x2+2x;/r2
dx
.3 1
21 X
[=]
—2)(2x+1) 2x°-3x-2 . _ _
(Lu,)gz(x )(4x ) _2x 4/( P
X X
d
—g=:2><—:2/r‘3—3x—3x“*—2><—4x‘5
ax
=—4x7+ 9x T +ex”
g
=—is+%+—5
X XX
=]
2. x=(Eu+2) U -3)=34"+2u" - u—o6
d
—X=3u2+4u—3
ou
d:z
/:21814+4
du
[=]
3. ) y=2x"-3x"-2x+9
d
—gzéxz—éx—g
adx
dg 5
wlnewx=:2,d—=é><:2 —6X2—R8=24—-12—-2=4
X
Tangent has gradient 4 and passes through (2, -3)
Equation of tangent is y+3 =4(x—2)
Yyt+rz=4x-g
Yy=4x—-11
[=]
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(i)

()

(i)

when gradient = 4, 6x* —6x -2 =4
ex*—ex—-12=0
XP—x—2=0
(x—2)(x+1)=0

X=20r x=—1
P is the polnt where x = 2, so @ Ls the point where x =—1,

when x=—1, y=2(-1)—3(-1)° -g(-1)+ 9=2-3+8+ 9=12

The coordinates of @ are (-1, 12).

o

—g:1+4x3=1+—3

ox X
a 4

When x = 1, _g:1+_3:1+4:5
ox 1

so gradient of normal is —%

when x =1, y=—1
Bquation of normal is y+1=-%(x—1)

Yyri=—cx+3

Y=—sX"%
. 1 4 2
(f normal wmeets curve again, —+x —%=x——
X
10
—X—4=5x——
X

10
exX——+4=0
X

X +4x*—10=0
X +2xX° -5 =0
The normal meets the curve at x =1, so (x—1) s a factor
(x-1) (@ +5x+5)=0

The discriminant of the quadratic is 25 —4x2Xx5 =25 —60=—35 <0
So the quadratic has no real roots, and therefore the normal does not meet

the curve again,

30of 6
integralmaths.org

21/12/18 © MEI

[=]



Edexcel AS Maths Differentiation Assessment solutions

5 1) Y= X% —6x
when Yy =0, 2x° —6x =0
X =3x=0
x(x*-3)=0
X=0 or X*=3= x=1%3
So the graph cuts the x-axis at the origin and at the points (JE,O) and

(5.0)
[=2]
d
i) Yo
Ax
At stationary polnts, x> —6=0
X —1=0
(x—-1)(x+1)=0
X=1 or x=—1
When x =1, y =2x1*—6x1=2—-6=—4
Wwhen x = -1, y =2x—1®—-ex—1="2+6=4
so the statlonary points ave (1, 4) and (-1, 4).
[3]
2
i) — =124
ox
Sy . . .
when x = 1, - =12>0 S0 (@, -4) ls a mlnimum point.
Ly , ) ,
When x = -1, — =-12<0 0 (-1, 4) s a maximum point,
X
[3]
(tv)
(‘1/ ‘4')
/3
NEY
(11 ’4‘)
[2]
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gi

-1 - -3
Y=—t—F——7Z=x tx —x
X
d 1 2 3
_g:_xfz_:z/(fs_'_gxq-:__z__g =
ax X* X x
L4 2 2 3
At statwwmg points, — ——+—=0
XT X X
1
—(—x2—2x+3):0
XA;
XP+2x-3=0
(x+3)(x—-1)=0
X=—3 oy X=1
1 1 1 5
when x = -3, g:——+_+_:_

when x = 1, y=1+1-1=1

A? 2 & 12
2=2X_3+6)(_4—12X_5=—3+—4——5
Ax X X X
o* 2 o
whcwx=—3,—g:——+—+—>o

dx* 2F 81 243

2

when x = 1, . g—2+é—1:2<0

Z =
S0 (—3,—%) ls a minbmum polnt and (1, 1) is a maxibmum polnt,

[71

2X+g:100 :>g:100—QX
Prodluct of numbers P = XYy = x(100 —2.x) =100.x — 2%

ap

—— =100—4x

dx
At stationary point, 100 —4x =0

X =25
P is a quadratic function, and the coefficlent of x2 is negative, so the stationary polnt
must be a maximum polnt,
when x = 25, Y = 50, and P = 1250.
The wmaxtmum value of the product of x and y is 1250,

[5]
(£} The area of the base and the top are each x= square e, and the other
four sides each have area xy square cwm,
Total surface area = 2% +4.xy .
[2]
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i) 2x°+ 4xy =24
X+ 20y =12

2xy =12 - X

2

_12-x
g 2
V= ng
1 _ 2
= /1(2 X 2 X
2
12 — x° R
= =eX—0.5x
2
[2]
Ly AV
i) —=6—-1.5x%
dx
At turning polnts, 6 -1.5x* =0
2
3X
=6
2
X =4
X =12
Slince x cannot be negative, x must be 2,
d*v
2 =—3X
dx
2
whew x = 2, d_2 =—6 <0, 30 x = 21 a maximum polnt,
X
V=6X2-0,5%X2°=12-4=8
The maximum volume of the box is € cm=,
[41

9. flx)=x"
flx+n)y=(x+n)* =x*+4x*h+e)*n* +4xn®+h*
o (x4 hn)—x
X+ a)Ch+exPh® +4xh®+h" —x*

=lim

h—o /4

L AxXCh+exPh +axn®+nt
=lim

h—o h

=lim (4x3 +exh+4xh + hs)

h—0

=4 x>
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