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1. Graphing Techniques

(Q1) [Cambridge/9794/2007]

. . . 2 2 . . ~ ~ .
The equation of a circle is x” + ¥y~ — 8y = 9. Find the coordinates of the centre of the circle, and the
radius of the circle. [3]

A straight line has equation x = 3y + k, where & is a constant. Show that the y-coordinates of the points
of intersection of the line and the circle are given by

10y + (6k — 8)y + (k* = 9) = 0. [2]

Hence determine the exact values of k for which the line is a tangent to the circle. [4]

(Q2) [Cambridge/9231/2007]

The curve C has equation
ax*+ bx+c
x+4

where a, b and ¢ are constants. It is given that v = 2x — 5 is an asymptote of C.

(i) Find the values of @ and b. [3]
(ii) Given also that C has a turning point at x = —1, find the value of c. [3]
(iii) Find the set of values of vy for which there are no points on C. [4]

(iv) Draw a sketch of the curve with equation

2 =7)43(x-7)-2
y= — : [3]

[ You should state the equations of the asymptotes and the coordinates of the turning points.]

(Q3) [Cambridge/H2 Maths 2007]

' 2x+7 . B
Show that the equation y = 3 can be writtenasy = A + = where A and B are constants to be
x+ x

Y . 1 .
found. Hence state a sequence of transformations which transform the graph of y = = to the graph of
2x+7
- , (4]
s x+2

2+T . : : .
Sketch the graph of y = ESTR giving the equations of any asymptotes and the coordinates of any
x

points of intersection with the x- and y-axes. 3]




Q4

.. 1 . . . .
A curve whose equation is y = ——, undergoes in succession the following transformations:

A: A reflection in the x-axis,
B: A translation of magnitude 1 unit in the y-direction,
C: A scaling parallel to the y-axis by a factor 2.

Give the equation of the resulting curve.

A curve undergoes in succession the transformations A, B and C as above and the equation of the
resulting curve is y=2— |2x + 6| . Determine the equation of the curve before the transformations

were effected.

(Q5)
Sketch the graphs of y = %,y =f'(x),y= |f(x) ,y=1(x]).
X
(@) A 4(2,10)
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2. Functions

(Q1) [Cambridge/9709/2007]

The function f is defined by f: x 2 —8x+ 11 forxe R.

(i} Express f(x) in the form a(x + b)? + c. where a. b and ¢ are constants. [3]
(ii} State the range of L. [1]
(iiiy Explain why f does not have an inverse. [1]

The function g is defined by g : x — 2x* — 8x + 11 for x € A. where A is a constant.
(iv) State the largest value of A for which g has an inverse. [1]

(vl When A has this value, obtain an expression, in terms of x, for g" (x) and state the range of g'l.

[4]
(Q2) [Cambridge/9794/Specimen Paper for 2010]
The function f is defined by
fixox -1, xeR
(i) Find an expression for ! (x). 2]

(ii) Sketch on a single diagram the graphs of y = f(x) and y = f~'(x), making clear the relationship
between these graphs. [2]

(iii) Write down f'(x) and hence determine the gradient of y = ! (x) at the point where it crosses the
y-axis. [3]

(Q3) [Cambridge/H2 Maths 2007]

Functions f and g are defined by

f:xn—»L forxeR, x # 3,
x-3

g:xr—>x2 for x € R.

(i) Only one of the composite functions fg and gf exists. Give a definition (including the domain)
of the composite that exists, and explain why the other composite does not exist. [3]

(ii) Find f~'(x) and state the domain of f~!, [3]




(Q4) [Cambridge/9709/2010]

.\.
A
>\
0 &
The diagram shows the function f defined for 0 € v < 6 by
3 l 4] .
R A for 0€ x <2,
Nty for 2<x€06.
(i) State the range of f. 1]
(i) Copy the diagram and on your copy sketch the graph of v = ' (). [2]
(iii) Obtain expressions to define £~'(x). giving the set of values of x for which each expression is
valid. [4]




3. Inequalities

(Q1) [Cambridge/2002 modified]

Find the set of values of x such that —1 < 2x +13 <1.
x —
2x+1
Deduce the range of values of x such that —1<
x —

<1.

(Q2) [Cambridge/9709/2007]

(i) Solve the inequality [y — 5] < 1.

(ii) Hence solve the inequality |3" — 5| < 1, giving 3 significant figures in your answer.

(Q3) [Cambridge/H2 Maths 2007]

[2]

[3]

9. 2
“—x-1 “—4x-21
Showthatz’c al 9—I:X7 o :

x24+3x+2 x“+3x+2

x2+3x+2

2x2 —x-19
—_— >

Hence, without using a calculator, solve the inequality

i

[4]

(Q4) [Cambridge/9709/2005]

Given that ¢ 1s a positive constant, solve the inequali

(‘y

[x—3a| > |x—al.

(4]




4. System of Linear Equations

(Q1) [Cambridge/H2 Maths 2007]

Suresh Fandi Cindy | Lee Lian
Pineapples (kg) 1515 1.20 2.15 1.30
Mangoes (kg) 0.60 0.45 0.90 0.25
Lychees (kg) 0.55 0.30 0.65 0.50
Total amount paid in $ 8.28 6.84 13.05

calculate the total amount that Lee Lian paid.

(Q2)

Four friends buy three different kinds of fruit in the market. When they get home they cannot remember|
the individual prices per kilogram, but three of them can remember the total amount that they each
paid. The weights of fruit and the total amounts paid are shown in the following table.

Assuming that, for each variety of fruit, the price per kilogram paid by each of the friends is the same,

(6]

A curve has equation y =+/ax +(bx)2 +cx’ +d where a, b, ¢ and d are constants. The curve cuts
the x-axis at x =4 and has a turning point at (1, 127). The line y =—193x+4 intersects the curve
at x =9 . Find the possible values of a, b, ¢ and d . [6]




5. Maclaurin and Binomial Series

(Q1) [Cambridge/2000]

2

X
J1+3x
(ii) State the set of values of x for which the series expansion is valid.

(iii)  Write down the equation of the tangent at the point (0,1) on the curve
1-x?

S TErS

(i) Expand in ascending powers of x up to and including the term in x°.

(Q2) [Cambridge/2004]

1
2

Find the first two terms in the expansion of in ascending powers of x.

1+2x

(Q3) [Cambridge/9231/2007]

5
_Find the first negative coefficient in the expansion of (4 + 3x)?2 in a series of ascending powers of x,
where | x| < %. Give your answer as a fraction in its lowest terms. [3]

(Q4) [2007 Specimen Paper]

{i} Show that

n+l
J Inxdr=(n+1)In{frn+1)—nlnn-1. [4]

(ii)

OJ\’ n n+l >

The_: diagram shows the graph of y = Inx between x = » and x = n+ 1. The area of the shaded
region represents the error when the value of the integral in part (i) is approximated by using a
single trapezium. Show that the area of the shaded region is

T

[nl+ %}Gn(l +5E— 1. . [4]

(iii) Use a series expansion to show that if n is large enough for iﬂ and higher powers of 1 to be
Iy s It

neglected, then the area in part (ii) is appmximate'ly equal to i: where k is a constant to be
determined. " (3]




(Q5) [Cambridge/9795/Specimen Paper]

Given that y = cos{In(1l + x) }, prove that

(1 (1 -I—.x')g = —sin{In(l +x)},
dx

-

'}d / 1y
(i) (14222 + (1 +x)=> +y=0.
dx= dy -

3,

d*y dy

Obtain an equation relating —=,
Ty da? dx

used.

— and —.

. .. . - . . . 3
Hence find Maclaurin’s series for y, up to and including the term in x~.

[1]

[2]

[2]

[4]

Verify that the same result is obtained if the standard series expansions for In(l + x) and cosx are

[31

(Q6) [Cambridge/9233/2004]

The equation xsinx+cosx =1.015 has a positive root o close to zero. Use small-angle

approximations for sin x and cos x to obtain an approximation to a.. Give your answer correct

to 3 significant figures.

(Q7) [Cambridge/Nov 1983/1/3]

Use the binomial series to expand \/(H—x

I-x
including the terms in x?, where |x| < 1.

1
B tting x = — 1in your result, show that Vil
Y PUTHRE ¥ =7 T YOur Testit, SHow 200

) as a series of ascending powers of x up to and




6. Trigonometrical Equations (try these qns without using GC)

(Q1) [Cambridge/Jun 73/11/4]

(a) Find the values of @ between 0° and 180° for which tan” @ =5—secé.
(b) Find the wvalues of 6 between 0° and 360° which satisfy the equation
6cos@+7sinf =4.

(Q2) [Cambridge/Jun 1980/1/4]

: . 3 12 . . 33
Given that sina = 3 and cos = 3’ show that one possible value of cos(a + f3) is 5’ and

find all the other possible values.

(Q3) [Cambridge/Jun 1984/11/4]

Express 2cos@+9siné in the form of Rcos(@—«a) where R >0 and 0 <« < %, giving the

values of R and « .

Hence
(1) Write down the maximum value of 2cosé+9sin 6 and the smallest positive value of
6 at which this maximum value occurs;
(i1) Find the smallest positive solution of the equation 2cos@+9sin& =1.




7. AP & GP

(Q1) [Cambridge/2002]

The nth term of a series is 2" +3n. Find the sum of the first NV terms.

(Q2) [Cambridge/2006]

first term and the common ratio.

. D 2 .
The sum, Sy, of the first n terms of a geometric progression is given by S, =6———. Find the
31’1

(Q3) [Cambridge/9709/2007]

The 1st term of an arithmetic progression is a and the common difference is d. where d = 0.
(i} Write down expressions. in terms of @ and d, for the 5th term and the 15th term.

The 1st term, the 5th term and the 15th term of the arithmetic progression are the first three terms
a geometric progression.

(ii) Show that 3a = 84.

(iii) Find the common ratio of the geomeftric progression.

(Q4) [Cambridge/H2 Maths 2007]

[1]

of

fourth and sixth terms respectively of the arithmetic series.
(i) Show that 3r* —5r+2 = 0.

(ii) Deduce that the geometric series is convergent and find, in terms of a, the sum to infinity.

of possible values of n for which S exceeds 4a.

(Q5) [Cambridge/9233/2004]

Find how many positive integers, less than 1000, are

(i) odd numbers, [1]
(i1) odd numbers which are not divisible by 5. [3]
Find the sum of the odd numbers, less than 1000, which are not divisible by 5. [4]

A geometric series has common ratio 7, and an arithmetic series has first term @ and common difference
d, where a and d are non-zero. The first three terms of the geometric series are equal to the first,

(4]
[5]

(iii) The sum of the first n terms of the arithmetic series is denoted by S. Given that a > 0, find the set

(5]

10




(Q6) [Cambridge/9233/2005]

It is given that a, b, c are the first three terms of a geometric progression. It is also given that
a, c, b are the first three terms of an arithmetic progression.

(1) Show that

b
b* =ac and c:aJr

(2]

2
2[QJ —(éj—ho. [1]
a a
(ii1) Given that the sum to infinity of the geometric progression is S, find S in terms
of a. [4]

(i1) Hence show that

(Q7) [Cambridge/9709/2005]

A small trading company made a profit of $250000 in the year 2000. The company considered two
different plans, plan .4 and plan B, for increasing its profits.

Under plan A, the annual profit would increase each year by 5% of its value in the preceding year.
Find, for plan 4.

(i) the profit for the year 2008,

(ii) the total profit for the 10 years 2000 to 2009 inclusive. [2]
Under plan B. the annual profit would increase each year by a constant amount $D.

(iii) Find the value of D for which the total profit for the 10 years 2000 to 2009 inclusive would be
the same for both plans. [3]

11



8. Sigma notation and sequences

(Q1) [Cambridge/9795/Specimen Paper]

Given that

N 2
Zn3 :[%(N+l)} ,
n=1
Find
P-2°+3 -4 +...—(2N),

In terms of N, simplifying your answer.

[6]

(Q2) [EJC/9758/2020/1/7]

The sum, §,, of the first n terms of a sequence u,,u,,u,,... 1s given by S, za(3")+bn+c ,

where a, b and c are constants and n>1.

(@) Given that u, =5,u, =9 and u, =33, find a, b and c. [4]
(ii) Show that u,,, = A(3” ) + B, where 4 and B are constants to be determined. (3]
Using your answer in part (ii), find Z u,,, interms of n. (You need not simplify your answer.)

_ [3]

(Q3) [VIC/9758/2018/Promo/4]

n(n+1)(2n+1)

(i Giventhat Y r* = , find (3r + 1)2 in terms of 7. [3]

N+l

(i)  Use your answer to part (i) to find Z(3r -~ 2)2 . [3]
r=1

(Q4) [NYJC/9758/2012/1/2a]

A sequence of negative real numbers x,,x,,Xx;,... satisfies the relation

X

n+l

=—\/1-2x, ,forn>1.

Given that the sequence converges to /, find the exact value of /. [2]

12




9. Vectors

(Q1) [Cambridge/1999]
The angle between the vector li+3j—6k and the vector i is 120°. Find the exact value of the
constant 4.

(Q2) [Cambridge/2002]

(i) Show that the lines given by
r=5i+2j+4k)+ A(i+3j+Kk) and r=Gi+j+K)+ (4i+7j+5K)
intersect, and find their point of intersection.
(ii)  Calculate the acute angle between the lines.

(Q3) [Cambridge/9709/2007]
The straight line [ has equation r = i + 6j — 3k + s(i — 2j + 2k). The plane p has equation
(r—3i).(2i — 3j + 6k) = 0. The line [ intersects the plane p at the point A.

(i) Find the position vector of A. [3]
(ii) Find the acute angle between [ and p. [4]

(iii) Find a vector equation for the line which lies in p, passes through A and is perpendicular to /.
[5]

(Q4) [Cambridge/9794/Specimen Paper for 2010]

D,

The diagram shows a pyramid DOABC. Taking unit vectors i, j, k as shown, the position vectors of
A, B, C, D are given by

— — — TR
OA=4i, OB=4i+2j, 0C=2, OD=6k
The mid-points of AD, BD and AB are L, M and N respectively.
(i) Find the vector MN and the angle between the directions of MN and OB. [4]

(ii) The point P lying on OD has position vector pk. Determine the value of p for which the line
through P and B intersects the line through C and L. [7]

13




(QS5) [Cambridge/9795/Specimen Paper]

With respect to an origin O, the points A, B, C, D have position vectors
2i—j+k. i-2k. —-i+3j+2k. -i+j+4k
respectively. Find
(i) a vector perpendicular to the plane OAB, [2]

(ii) the acute angle between the planes OAB and OCD, correct to the nearest 0.1°, [3]

(Q6) [Cambridge/9231/2007]

The points A, B and C have position vectors 2i, 3j and 4k respectively. Find a vector which is
perpendicular to the plane I containing A, B and C. [3]

The plane I1, has equation
r=i+4j+2k+A(i—j)+u(j-k).

Find the acute angle between the planes I1, and I1,. [3]

(Q7) [Cambridge/H2 Maths 2007]

Referred to the origin O, the position vectors of the points A and B are
i—-j+2k and 2i+4j+k
respectively.
(i) Show that OA is perpendicular to OB. 2]
(ii) Find the position vector of the point M on the line segment AB such that AM : MB=1:2. [3]

(iii) The point C has position vector —4i + 2j + 2k. Use a vector product to find the exact area of
triangle OAC. (4]

(Q8) [Cambridge/H2 Maths 2007]

The line [ passes through the points A and B with coordinates (1, 2, 4) and (-2, 3, 1) respectively.
The plane p has equation 3x — y + 2z = 17. Find

(i) the coordinates of the point of intersection of / and p, [5]
(ii) the acute angle between [ and p, [3]
(iii) the perpendicular distance from A to p. [3]

(Q9) [Cambridge/9233/2004]

Referred to an origin O, the position vectors of four non-collinear points 4, B, C and D are a,
b, ¢ and d respectively. Given that a —b =d — ¢, show that ABCD is a parallelogram. [2]

Given also that | a — ¢ | =| b — d |, identify the shape of the parallelogram 4ABCD, justifying
your answer. [2]

14



(Q10) [Cambridge/9233/2005]

The planes [], and [], have vector equations
r=AG+j-K)+ 4 Qi—j+k) andr= A4, (i +2j+Kk)+ 1, 3i+j—k)

respectively. The line / passes through the point with position vector 4i + 5j + 6k and is
parallel to both [], and [],. Find a vector equation for /.

Find also the shortest distance between / and the line of intersection of [], and [],.

[4]
[4]

b el S Wiotebuiviloidbel

(Q11) [Cambridge/9231/2008]
LN e -

The plane [T, has equation
r=i+2j+k+0(2j-Kk)+ ¢(3i+2j-2k).

Find a vector normal to IT, and hence show that the equation of IT, can be written as 2x + 3v + 6z = 14
(4]
The line f has equation
r=3i+8j+ 2k + r{di +6j + 5k).
The pointon f where £ = A is denoted by P. Find the set of values of & for which the perpendicular

distance of 2 from [1, is not greater than 4. 4]

The plane I, contains [ and the point with position vector i + 2j + k. Find the acute angle between m,

and I1,. 4]
(Q12) [Cambridge/9231/2002]
The planes T and I1,, which meet in the line /, have vector equations
r=2i+4j+ 6k + 8,(2i+3Kk) + ¢l{‘-4j+5k).
r=2i+4]+ 6k + 6,(3j + k) + 9, (-1 + ] +2k),
respectively. Fimd a vector equation of the line { in the form r = a + rh. [5]

Find a vector equation of the plane /1, which contains / and which passes through the point with
position vector 4i + 3j + 2k. Find also the equation of I1, in the form ax + by + ¢z = . 4]

Deduce, or prove otherwise, that the system of equations

fix — 5v — 4z = =32,
Sy= v+ 32 =24,
Ox -2y + 5z =40,

has an infinite number of solurions. [3]

Fal

(Q13) [Cambridge/9709/2009]

The plane p has equation 2x = 3v + 6z = 16. The plane ¢ is parallel to p and contains the point with
position vector i + 4j + 2k.

(i} Find the equation of g. giving your answer in the form ax + by + ¢z = . 2]
(i) Calculate the perpendicular distance between pand g. 3]

(iii) The line/ is parallel 10 the plane p and also parallel to the plane with equation v = 2v + 2z = 5,
Given that { passes through the origin, find a vector equation for /, 151

15




10. Differentiation & Applications of differentiation

(Q1) [Cambridge/9709/2007]

The curve with equation y = €™ sinx has one stationary point for which 0 < x < 7.
(i) Find the x-coordinate of this point. [4]

(ii) Determine whether this point is a maximum or a minimum point. [2]

(Q2) [Cambridge/9709/2007]

The equation of a curve is ¥y = 2x — tanx, where x is in radians. Find the coordinates of the stationary

points of the curve for which —%ﬂ: <X< %}T. [5]

(Q3) [Cambridge/9231/2007]

The positive variables x and y are related by

2
V=X +2In(xy).

dy dy
— and F when both x and y are equal to 1. [7]
2

Find the values of

(Q4) [Cambridge/9231/2006]

The variables x and y are such that

dy 1
_\"1’+( ") =1t + 6.

dy
%+
. X cdTy
Given that ¥ = — 1 when ¥ = 1, find the value of F when x = |. [5]
oy=
(Q5) [Cambridge/9709/2009]
The equation of a curve is g .1'2'\' - _‘.'3 =3
I { L N .
(i Find —— in terms of ¥ and v, |41

Ly

(ii} Find the equation of the tangent to the curve at the point (2. 1), giving your answer in the form
ax+bv+c=0, 121

(Q6) [Cambridge/9709/2006]

- . k] Y]
The equation of a curve is ¥~ + 23" = 3xy.,

: dy y—x
i) Show that — = ———, F
@ v 22 -x (4

(ii) Find the coordinates of the point. other than the origin, where the curve has a tangent which 1is|
parallel to the x-axis. (5]

16



(Q7) [Cambridge/9709/2010]

The parametric equations of a curve are

9
r=l+In(r=-2), vy= .'+?, fori> 2.
v (12 =9)1~-2)

(i) Show that EL_‘ 3 : 13]

(i) Find the coordinates of the only point on the curve at which the gradient is equal 10 .- 3]

(Q8) [Cambridge/2003]

Sketch the curve with parametric equations

x=3t,y=%.

The point P on the curve has parameter 7 = 2. The normal at P meets the curve again at the point
Q.

(i) Show that the normal at P has equation 2y =8x—-45.

(ii) Find the value of 7 at Q.

(Q9) [Cambridge/1998]

A spherical balloon is being inflated and at the instant when its radius is 3 m, its surface area is
increasing at the rate of 2 m?s™!. Find the rate of increase, at the same instant of,
(i) the radius, (ii) the volume.

4
[The formulae for the surface area and the volume of a sphere are 4=47r> and V = 3 zr.

(Q10) [Cambridge/2006]
(a) Find the coordinates of the points on the curve
3 +xp+y> =33
at which the tangent is parallel to the x-axis. [4]

(b)

A hollow cone of semi-vertical angle 45° is held with its axis vertical and vertex
downwards (see diagram). At the beginning of an experiment, it is filled with

390 cm?® of liquid. The liquid runs out through a small hole at the vertex at a constant
rate of 2 cm® s™!. Find the rate at which the depth of the liquid is decreasing 3 minutes
after the start of the experiment. [5]

17



(Q11) [Cambridge/N75/11/5]

A cylinder of radius x is inscribed in a fixed sphere of internal radius R such that the
circumferences of the circular ends of the cylinder are in contact with the inner surface of the

sphere. Show that 4> =167"x" (R2 —xz), where A is the curved surface area of the cylinder.

Prove that, if x is made to vary, the maximum value of 4 is obtained when the height of the
cylinder is equal to its diameter.

(Q12) [Cambridge/J78/11/6]

An isosceles triangle ABC with AB = AC is inscribed in a fixed circle, centre O, whose radius
is 1 unit. Angle BOC =26, where 0 is acute. Express the area of the triangle ABC in terms
of 6, and hence show that, as @ varies, the area is a maximum when the triangle is equilateral.

18



11. Integration Techniques

(Q1) [Cambridge/9709/2007]

k
Find the exact value of the constant k for which J- >

dx=1.
1

[4]

(Q2) [Cambridge/9709/2007]

Use integration by parts to show that

4
J’ Inxdx=6In2 - 2.
2

(Q3) [Cambridge/9794/Specimen Paper for 2010]

>

, B
Find the value of —————dx.
0 Y 2x-3

(Q4) [Cambridge/2003 modified]

[6]

Use the substitution x =tané to find

1-x?
I (1+x°)’

(Q5) [Cambridge/1997]

Use the substitution y = x’ to find the value of

2 x?
Jo Tt
0 1+x

(Q6) [Cambridge/9233/2004]

o S
Use partial fractions to evaluate L m
x—=1) (x+

(Q7) [Cambridge/9233/2004]

dx, giving your answer in an exact form.

[8]

3
Use the substitution # =/(x+1) to find the exact value of IO XyJ(x+1)dx.

[4]

(Q8) [Cambridge/9233/2004]
Write down constants 4 and B such that, for all values of x,

6x+16=A(2x+4)+B.

Hence find the exact value of J.l 2696;16 X
', X" +4x+13

[1]
[6]

19




(Q9) [Cambridge/9233/2005]
(i) State the derivative of sin(xz) :

(ii) Find j x’ cos(x) dx .

(Q10) [Cambridge/N78/1/20]

Find %(tan" (xz)) and hence , or otherwise, find J. xtan™ (xz)dx )

[1]
(3]

20



12. Definite Integrals, Area and Volume

(Q1) [Cambridge/H2 Maths 2007]

5 5
37 i

(i) Find the exact value of J sin®xdx. Hence find the exact value of J cos” x dx. [6]
0 0

(ii) The region R is bounded by the curve y = x*sinx, the line x = %n‘ and the part of the x-axis
between 0 and %7{. Find

(a) the exact area of R, [S]

(b) the numerical value of the volume of revolution formed when R is rotated completely about
the x-axis, giving your answer correct to 3 decimal places. [2]

(Q2) [Cambridge/H1 Maths 2007]

(i) Sketch, for x > 0, the graphs of y =

0
yor and y=10- x% on the same axes. [2]
x+2

(ii) The graphs intersect on the y-axis. Find, correct to 3 decimal places, the x-coordinate of the point

of intersection for which x > 0. (1]
(iii) Find 0 eand J(IO %) dx 3
oo dxan x“) dx. (3]

(iv) Use your answers to parts (ii) and (iii) to find the area of the region, in the first quadrant, between
the two graphs. [2]

(Q3) [Cambridge/2006]

Given that z = ;1 , show that % = L3 . [3]
(¥ +32) (x*+32)
Find the exact value of the area of the region bounded by the curve y = ! =
(x*+32)
the x-axis and the lines x =2 and x = 7. [3]

(Q4) [Cambridge/1984]

The region R is bounded by the curves of y =x* and y =2-x". Calculate

(a) the area of R.
(b) the volume of the solid generated when R is rotated through 7 radians about the
y-axis.
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(Q3) [Cambridge/9709/2010]

(0]

A - = 3 8 ¢ 5 3 Sy R
The diagram shows parts of the curves vy = 9 — v and ¥ = — and their points of intersection 2 and Q.

The v-coordinates of £ and Q are ¢ and # respectively.

(i) Show that x = @ and v = b are roots of the equation x° — 9x* + 8 = 0. Solve this equation and
hence state the value of ¢ and the value of b. [<]

(i) Find the area of the shaded region between the two curves. [5]

(iii) The tangents to the two curves at X = ¢ (where a < ¢ < b) are parallel to each other. Find the
value of ¢, [4]
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13. Differential Equations

(Q1) [Cambridge]

. . c dx
proportional to the mass of ¥ at that time. When 7 =0, x = 5 and rrin 1.9.
.

(i} Show that x satisfies the differential equation

L
& 0.02(100- x).

In a chemical reaction a compound X is formed from a compound ¥. The masses in grams of X and
Y present at time 7 seconds after the start of the reaction are x and y respectively. The sum of the
two masses is equal to 100 grams throughout the reaction. At any time, the rate of formation of X is

(Q3) [Cambridge/9709/2004]

A rectangular reservoir has a horizontal base of area 1000 m-. At time r = 0, it is empty and water

. . . 1 = . .
begins to flow into it at a constant rate of 30 m* s™'. At the same time, water begins to flow out at a

. : . , dhi
rate proportional to /1, where /im is the depth of the water at time 7s. When /i = L. rria 0.02,

(i) Show that /i sotisfies the differential equation

d/r
— =001{3- . 3
ar 0.01( V) 13]

It is given that, after making the substitution x = 3 — /1, the equation in part (i) becomes
dy -
x - 3)— = 0.005x,
[ ) dr

(ii) Using the fact that x = 3 when 7 = 0. solve this differential equation. obtaining an expression for
I in rerms of x, [3]

(iii) Find the tiie at which the depth of water reaches 41m. [2]
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(ii) Solve this differential equation, obtaining an expression for x in terms of 1. [6]
(iii) State what happens to the value of x as t becomes very large. [1]
(Q2) [Cambridge/H2 Maths 2007]
The current / in an electric circuit at time 7 satisfies the differential equation
d/
4— =2-3].
dt
Find 7 in terms of 7, given that / = 2 when 7 = 0. (6]
State what happens to the current in this circuit for large values of z. [1]




(Q4) [Cambridge/9709/2009]

An underground storage tank is being filled with liquid as shown in the diagram. Initially the tank is
empty. At time 7 hows after filling begins. the volume of liquid is I”m’ and the depth of liquid is /rm.
It is given that I = -‘:—h".

The liquid is poured in at a rate of 20m” per hour, but owing to leakage. liquid is lost at a rate

> d/ v
proportional to /i-. When /1 = 1, (T; =495,

(i) Show that /7 satisfies the differential equation

dh 5 1
FaRR T 4
on’ 2000

s \f Sy e - .
(ii) Verify that 00" 20 + (10- (10 + ) .

(iii) Hence solve the differential equation in part (i), obtaining an expression for ¢ in terms of /1. [3]
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14. Complex Numbers

(Q1) [Cambridge/9794/Specimen Paper for 2010]
(i) Determine the roots p and g of the equation x* — 6x + 13 = 0. If p is the root whose argument is
an acute angle, find an equation whose roots are ip and —iq. [5]

(Q2) [Cambridge/H2 Maths 2007]

The complex number w is such that ww* + 2w = 3 + 4i, where w* is the complex conjugate of w.
Find w in the form a + ib, where a and b are real. [4]

(Q3)
(b} Given that
arg(a 4 ib) = 6,

- wherea > 0, b > 0, find, in terms of @ arid 7, the value of

(i) arg(~a + ib), o | (1]
(i) arg(—a — ib), _ [1]
(i) arg(b + ia). [1]

(Q4) [Cambridge/2004]
The use of calculator is not allowed in this question.

Express (3—i)” in the form a+ib. [1]

Hence or otherwise find the roots of the equation (z+i)> =—8+6i. [3]

(Q5) [Cambridge/9709/2009]

The complex number —2 + i is denoted by u.

(i) Given that it is a root of the equation X' =11x=k =0, where k is real, find the value of &. [3]
(i) Write down the other complex root of this equation. [1]
(iii) Find the modulus and argument of i1. [2]
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