NS-Level Uit Test: Differentiation " s

1. Differentiate 12x3 + 4x with respect to x (2)
1
2. Find P(x) when f(x) = 2x¢ + x o)
3. f(x) = (x + 1)(x + 6). Find the derivative of the function (2)
. dy _ 8x+x3
4. Find - wheny = ™ (3)
5. Find the gradient of the curve y = 3x? + x — 5 at the points (2, 9) @)

6. A curve has the equation y = x? — 3x + 4.
a. Find an equation of the normal to the curve at the point A (2, 2). The normal to the curve at A intersects the

curve again at the point B. 3)
b. Find the coordinates of the point B. 4)
7. The line with equation y = 2x + k is a normal to the curve with the equationy = g Find the value of the

constant k. (5)

8. A ball is thrown vertically downwards from the top of a cliff. The distance, s metres, of the ball from the
top of the cliff after t seconds is given by s = 3t + 5t2. Find the rate at which the distance the ball has travelled
is increasing when

a.t=0.6 (2)
b.s=54 (4)
9. Given that y = *=*=3 show that Z—z can be expressed in the form &*% where a and b are integers to be

3x2 bx2
found. (6)
10. Find the coordinates of the stationary point of the curve y = x® + 3x? + 3x and determine its nature. (7)
11. The diagram shows a closed plastic cylinder used for making compost. The radius of the ‘_'_'_’j_"_'_‘“\
base and the height of the cylinder are r cm and h cm respectively and the surface area of the \
cylinder is 30 000 cm?. o
a. Show that the volume of the cylinder, V cm?, is given by V = 15 000r — nr® 4)
b. Find the maximum volume of the cylinder and show that your value is a maximum (6)

1 1

12. The diagram shows the curve with equationy = xz —4 + 3x . VoA

The curve crosses the x-axis at

the points A and B and has a minimum point at C. L 1
a. Find the coordinates of A and B (3) y=xt -4+ 3xe
b. Find the coordinates of C, giving its y-coordinate in the form

av3 + b, where a and b are integers. 4) o] .4\\_/,/"/3

" |




13. The curve with equation y = x® + ax? — 24x + b, where a and b are constants, passes
through the point P (-2, 30).

a. Show that4a+b + 10 = 0.

Given also that P is a stationary point of the curve,

b. Find the values of a and b,

c. Find the coordinates of the other stationary point on the curve.

14. f(x) = 4x3 + ax®> — 12x + b.

Given that a and b are constants and that when f(x) is divided by (x + 1) there is a remainder of 15,
a. Find the value of (a + b).

Given also that when f(x) is divided by (x — 2) there is a remainder of 42

b. Find the values of a and b

c. Find the coordinates of the stationary points of the curve y = f(x)

(2)

(4)
(3)

()

(5)
(%)

Total marks: 45
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Mark Scheme

1.
= (12¢%) = 36x2 M1
o (4xh) = -4x? M1
dx(
L (12x3+4x7") = 36x2 - 4x2
dx
2.
1 5
L (2xs)=2x7s 1
dx 3
a, 3 _3 1
ar () 257 M1
1 3 5 1
L (e +x3)=2xTo 4327
3.
fX)= (X +1)(X+6) =X+ 7x +6 i
f(x)=2x+7 ML
4,
_ 8x+x3 _ 8x+x3 _ 8x x3
_ ax  4x05  4x0S  ax0s M1
y = 2x05 + ixz.s v
4y _ 05 4 5,15 o
dx 8
5.
y=3x2+x-5
D =6x+1 M1
dx
3—3;(2):6(2)+1:13 L
6a.
dy _
E =2x-3 .
Gradient =1
Gradient of normal = -1 ML
y—2=-x(x-1)
y=4-x M1
6b.
X2 -3x+4=4-x
X2 —2x=0 M1
X(x—=2)=0 i
=0 "
Therefore B = (0, 4) i
7.
Gradient of normal = 2
Therefore, gradient of curve = = M1
’ 2
%
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For the curve Z—z = —32x73 M1
— 3T23 = _l Ml
X 2
X3 = 64
X=4 M1
Therefore, coordinate is (4, 1)
1=8+k
k=-7 M1
8a.
a=%X=3+10t
Cat M1
t=0.6
% = 9 metres per second M1
8b.
54 = 3t + 5t2 M1
5t +3t-54=0
(5t + 18)(t—3) = 0 M1
t=3
tZ—%—>notvalidast>0 M1
% = 33 metres per second. M1
9.
1 3 i 1
y:§x2—2x2—x2 M1
dy _ 1.2 _ 5 1.3 M1
dx 2
_ x%-2x+1 M1
252 M1
_ (x=1)? M1
- 3
2x2 M1
a=-1
b=2
10.
L = 3x2 + 6x + 3 M1
dx
Stationary point: % =0 M1
3x%+6x+3=0 M1
2 —
3(1( +1)°=0 M1
x=-1
d?y
halie A M1
dxZ 6x + 6
d’y _
At (-1, -1), 2 - 0 M1
2
As % = 0, stationary point is a point of infection. M1
11a.
S.A = 2nr? + 2mrh = 30000 M1

2,
% Vhans




nrh =15000 - 1rr?

_ 15000 M1
= -7
nr
V = rr?h
V= nr2(15000 —7) M1
nr
V = 15000r — rr® M1
11b.
Y = 15000 — 372 M1
ar
Stationary point = 15000 - 3712 =0 M1
r2 = 5000
T on M1
r=39.9
Max volume = 399 000 cm?
dzv M1
— = -6mr
dr?
r=39.9
dzv _ M1
oz -752
dzv L .
As 5z < 0, point is a maximum M1
12a.
1 1
xz2—4+3x2=0 M1
1
X-4x2+3=0
X =1 M1
X=3
1
xz2 =3 M1
Xx=9
Therefore: (1, 0) and (9, 0)
12b.
d—yzlx__——x_g M1
dx 2
2=
P M1
-x z2—=x 2=0
2 2
1 3
=xz2(x—-3) = M1
X =
1 1
y(B)=(3)z—4+3(3) z=2V3-4 M1
(3,23 -4)
13a.
At (-2,30) > 30=-8+4a+48+b M1
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Therefore, 4a+b+10=0 M1
13b.
L~ 3x2 + 2ax - 24 M1
dx
As P is a stationary point, z—z =0 M1
12-4a-24=0 M1
a=-3 M1
b=2
13c.
3x2-6x—-24=0
3(x+ 2)(x - 4) = 0 M1
X = -2 (already given) M1
x=4
Atx=4,y=-78 M1
Other stationary point is (4, -78)
14a.
f(-1) =15
4+a+12+b=15 M1
a+b=7 M1
14b.
f(2) =42
32+4a—-24+b=42 M1
4da+b=34 M1
Solving simultaneously,
3a =27 M1
_ M1
a=9
b=-2 M1
14c.
f(x) = 4x3 + 9x? — 12x - 2 M1
£(x) = 12x% + 18x — 12
Stationary point: f°(x) = 0 M1
12x* +18x—12=0
(2x-1)(x+2)=0
X=-2 M1
1
X==
2
atx=-2,y=26 M1
-1, _2
atx = Y= =7 M1
(-2, 26) and G, — %)
.
%
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