3 F Paradigm

Specialising in O Level Mathematics

MUST KNOW QUESTIONS TO CONQUER

DIFFERENTIATION

Differentiation

1 | Differentiation y = (5x + 2)vx + 3
.dy _ 15x+32
Ans: dx _ 2/x+3
2 . . — 2x—7
Differentiate y —
Ans: dy _ 2x+113
ax 2(x+1)2
3 | Differentiate y = tan3 (E - Zx)
8
. dy _ 2 (T 2 (T
Ans: o —6tan (§ — Zx) sec (§ — Zx)
2
4 | Given that y = sin 4x, show that 22 x & = —32 sin 8x
dx dx
5 | Differentiate cos 2x (tan? x — 1) with respect to x. No simplification is required
Ans: 2 cos(2x) tan x sec? x — 2sin2x(tan?x — 1)
6 | Giventhaty = 2xel™, find
~dy
(I)a’ ,
. N Y S
(ii)p for which =t 2 o tpe = 0,
Ans: (i) 2e17* — 2xel™* (ii)p = 2x
7| show thati(ln—x) = hnx
dx \ 4x 4x
8 | Given that f(x) = In(5x — 2)3,
(i) Show that 5" (x) + (5x — 2)f"(x) = 0.
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Equation of Tangent & Normal

1| The equation of a curve is y = %+ bx — 1, where a and b are constants. The normal to
the curve at the point Q(1, —1) is parallel to the line 4y — x = 20. This normal meets the
curve again at point P.
(1)  Find the value of a and of b.
(i) Find the coordinates of point P.
Ans:
. .. . . 8 53
(i) a = 2, b = —2 (ii) Coordinates of P is (—5, _ﬁ)
2 (a) Differentiate cot* (g — Zx) with respect to x.
(b) Given that a curve has the equation y = 3sin2x — cos x, find the gradient of the
curve when x = g leaving your answer in exact form.
(©)
Ans: (a) 8 tan®(2x) sec?(2x) OR 8tan™> (g — Zx) sec? G — Zx)
(b) Atx =7, Gradient = ~3 + 2
3

A curve has the equation y = (ax — 3)Inx, where x > 0,x ¢% and a is a positive

constant. The normal to the curve at the point where the curve crosses the x-axis is
parallel to the line x + 5y — 4 = 0. Find the value of a.

Ans:a =8
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Increasing & Decreasing Function

1

Find the range of values of x for which the gradient of the graph y = x* — 3x3 — 6x%2 + 6
is increasing.

Ans: x < —%,x > 2

. 4x—-3 2 . . .
A curve has the equation y = 3;61 where x # — > show that y is always increasing for
increasing values of x.

.4y 17 _2 2 ol
Ans.dx Grroy FOrx # (3x+2) >0:>(3+2)2>0:> >0

Since 2 —> 0,y is always increasmg for increasing values of x.

Given that y = —§x3 +§x2 —5x + 1, show that for all real values of x, y is a

decreasing
function of x.

Ans: Z—z = —(x — 1.5)? — 2.75.
For all real values of x, (x — 1.5)2 > 0 = (x -15)?%<0 =
—(x—15)2-275<0 =— & -< 0; Slnce — < 0,y is a decreasing function of x.

Rate of Change

1

2x2

The equation of acurveis y = -

—-3x
(i)  Find an expression for Z—i.
(i) Given that x is changing at a constant rate of 0.05 units per second, find the rate of

change of y when x = 3.
Answers:

o4y 2x(2-3x) .21 .
()= P (i) — = or —0.0328 units/s

. . . 5x
The equation of a curve is given by y = In /9x+4.

() Find %, expressing it as a single fraction.

(i) Find the rate at which x is changing when the graph crosses the x-axis, given that y
is increasing at a rate of 0.3 units per second.
Answers:

e
(I) dx x(9x+4)

(i) x is mcreasmg at a rate of units per second.

It is given that y = where x > 0. Flnd the exact value of x when the rate of

. \/2x2—1’
decrease of y is m times the rate of increase of x.

Ans: x = 0.981 (3 sf)
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Maxima and Minima

1

2
The equation of a curve is y = ~—, where x # 1.

1
2
(i)  Obtain an expression for j—z and ‘;73;.
(i) Find the coordinates of the stationary points of the curve and determine their nature.

Ans:

ndy _ x*-2x d’y 2 .. . . . . .. .
Q) il ooty el st (i) (0,0) is a maximum point (2, 4) is a minimum point.

The equation of a curve is y = %ezx — 7e* + 6x.

. . . dy d%y
(1)  Write down expressions for ™ and ey

(i) Find the exact x-coordinates of the stationary points on the curve.
iii)  Determine the nature of each of these stationary points.

Ans: (i) = e?* = 7e* + 6 (i) x =In6orx =0
(iii) The curve has a minimum pointat x =In 6

IN
TllOkrnfh

90 km/h

-—

Car 4 49 ke ¢Car B

The diagram shows Car B, which is 48 km due east of Car A. Both cars start moving at
the same time. Car A travels due north at a constant speed of 110 km/h while Car B
travels due west at a constant speed of 90 km/h.

(i) The distance between Car A and Car B at time t hours after the cars started moving is
denoted by L km. Express L in the form of \/pt2 + (q — rt)% where p,q and r are
constants.

(if) Given that t can vary, find the stationary value of L.

(iii)Determine whether this value stationary value of L gives the maximum or minimum
distance between Car A and Car B.

Ans: (i) L = {/12100t2 + (48 — 90t)2 (i) L = 37.1 (iii) L is minumum.
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