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FP2 Exam Paper full
Questions: 56 Time: 9 hours 9 minutes Total Marks: 459
Ql -1D: 778

Find the set of values of x for which
b'e 6

X*G} x—1

Q2 - ID: 368

Find the set of values for which
Jx—1}>8x—1.

Q3-1D: 899
Using algebra, find the set of values of x for which
4
5x—8>» —
X
Q4 -1D: 592

Solve the inequality
|bx— 4] < 6x— 3.

Q5-1D: 17
(a) Use algebra to find the exact solutions of the equation
[3x2 +x—4]=4—-3x
(b) On the same diagram, sketch the curve with equation
v =13x? + x — 4] and the line with equation y =4 — 3x
(c) Find the set of values of x for which
[3x2 +x—4]>4—3x

Q6 - ID: 369
Find the set of values of x for which

x?
— >6
X*7> *
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[7 marks, 8 minutes]

[5 marks, 6 minutes]

[7 marks, 8 minutes]

[3 marks, 4 minutes]

[7 marks, 8 minutes]

[6 marks, 7 minutes]
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Q7 -1D: 850 [7 marks, 8 minutes]

(a) Use algebra to find the exact solutions of the equation
32 +x—4]=4-3x
(b) On the same diagram, sketch the curve with equation
v =1{3x? + x — 4} and the line with equation y =4 — 3x
(c) Find the set of values of x for which
B2+ x—4]>4-3x

Q8 -1D: 658 [9 marks, 11 minutes]
¥y The diagram shows a sketch of the curve with equation
2 —4
= ——, x¥ 4
[x+ 4]

The curve crosses the x-axis at x=2 and x=—2 and

the line x = —4 is an asymptote of the curve.
2

. 4
. (a) Use algebra to solve the equation P 6(2 — x)

(b) Hence, or otherwise, find the set of values of x for which
x2—4
— < 6(2 —
<+ 4] 2-x

Q9 -1D: 4239 [7 marks, 8 minutes]

L
.y
/ \"‘--.

(a) Find, in the simplest surd form where appropriate, the exact values of x for which
X rgq= ’ l x#0
4 B x|

. . . 74 .
The graph shows the line with equation ;i + 4 and the graph of y = ;;Ij’ x#0

(c) Find the set of values of x for which Zi + 4 > zz{—z

Q10 - ID: 5057 [6 marks, 7 minutes]

(a) On the same diagram, sketch the curve with equation y = |5x-2],

and the line with equation y = 3x+ 5.

(b) Show the coordinates of the points at which the graphs meet the x-axis.
(c) Solve the inequality {5x-2{ < 3x + 5.



©2011 MathsNet A-Level Plus.

Q11 -ID: 828

() On the same diagram, sketch the graphs of y = |x*> — 14|

and y = |1x — 2|, showing the coordinates of the points

where the graphs meet the axes.

(b) Solve |x? — 14| = |1x — 2], giving your answers in surd

form where appropriate.

(c) Hence, or otherwise, find the set of values of x for which
|x* —14] > |1x — 2}

Q12 - ID: 924

(a) By expressing o in partial fractions, or otherwise, prove that
2 —
n

4 _, 2
Z:4r271_ 2n+1

r=1

20

. 4
(b) Hence find the exact value of Z
=11

4r2 —1°

Q13 - ID: 5957
(a) Show that 1 1 = 6 for all integers r-
6r—1 6r+5 (6r—1)6r+5) gers r.
. e 1
(b) Hence use the method of differences to find ;1 E=DEr T

Q14 - ID: 754

4

Expr ———— in partial fractions.

(a) Express (r+1)(r+3)| partial fractions
n

4 _10m? +26n
(b) Hence prove that Z::l r+1)(r+3)  6(n+2)(n+3)

Q15 - ID: 879

Given that for all real values of r,
@r+1)°—(@2r—1)P°=Arr+ B,

where A and B are constants,

(a) find the value of A and the value of B.

_ - 1
(b) Hence, or otherwise, prove that Z P= Fa(n+1)(2n+1).
r=1

50
(c) Calculate Z (5r — 1)2.

=1

Q16 - ID: 5991
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[12 marks, 14 minutes]

[5 marks, 6 minutes]

[7 marks, 8 minutes]

[7 marks, 8 minutes]

[10 marks, 12 minutes]

[12 marks, 14 minutes]



Let w = cos 2_7: + isin 2—17
5 5
(a) Show that i+ is a root of the equation z° — 1 =0.
(b) Show that (w—1)(w* + w3 + w2 +w+ 1) =w>— 1.
(c) Deduce that w?* + w3 +w? +w+1=0.
Pitey 1

2n
d) Hence show that cos — + —_ =
(d) W 5 cos 5 5
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Q17 - ID: 5954

Indicate on a single Argand diagram the set of points for which
arg(z— (2+3)) ==

Q18 - ID: 5963

On an Argand diagram, sketch the set of points for which
arg(z — —5) = zw

Q19 - 1D: 600
Find the general solution of the differential equation
dl - L= 62 + 6x
dx X

giving y in terms of x in your answer.

Q20 - ID: 562

Given that y = 3 at x = 0, solve the differential equation
d
& ytanx=4sec® x

dx

Q21 - 1D: 489
Find the general solution of the differential equation
dy 1
+3) —+2y=—
(x )dX v X

giving your answer in the form y = {(x).

Q22 -1D: 578
Obtain the general solution of the differential equation
dy COS X
— +1ly= ——,
X Ix v g x>0

giving your answer in the form y = (x).

Q23 -1D: 3477
Solve the differential equation
dv 9y =Xx
dx I

to obtain y as a function of x

Licensed to Steve Blades. Page: 5

[3 marks, 4 minutes]

[3 marks, 4 minutes]

[6 marks, 7 minutes]

[7 marks, 8 minutes]

[7 marks, 8 minutes]

[8 marks, 10 minutes]

[5 marks, 6 minutes]
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Q24 - |D: 4845

A raindrop falls from rest through mist. Its velocity vms ™1
vertically downward, at time ¢ seconds after it starts to fall
is modelled by the differential equation

d
(1+ 0 C%+5v: (1+0g—35
Solve the differential equation to show that
v= éi(1+ D —7+(7 - éi)(1+ )~

Q25 - ID: 5058

Licensed to Steve Blades. Page: 6

[10 marks, 12 minutes]

[9 marks, 11 minutes]

A population P is growing at a rate which is modelled by the differential equation

di —0.1P =0.19¢
dt

where ¢ years is the time that has elapsed from the start of observations.
It is given that the population is 8000 at the start of the observations.

(a) Solve the differential equation to obtain an expression for P in terms of ¢

(b) Show that the population doubles between the 6th and 7th year after
the observations began.

Q26 - ID: 5099
By using an integrating factor, find the solution of the differential equation
dy + 4x -y
dx x2 + 5y -

given that y = 2 when x=2 . Give your answer in the form y = f(x).

Q27 - ID: 742

(a) Use the substitution y = vx to transform the equation
dy _ (Ax+y)(x+V)

d? 2 WX > 0 (I)
into the equation
de?V:(2+V)Z?X>O D)

(b) Solve the differential equation Il to find v as a function of x.
(c) Hence show that

X R R
y=—2x— ,———. where c is an arbitary constant,
Inx+c

is a general solution of the differential equation I.

Q28 - ID: 2329

. . . d
Solve the differential equation XG% —-32=1
given that y = 0 when x=4.

Give your answer in the form y = {(x).

[9 marks, 11 minutes]

[10 marks, 12 minutes]

[6 marks, 7 minutes]
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Q29 - ID: 5809 [11 marks, 13 minutes]

A liquid is being heated in an oven maintained at a constant temperature

of 168°C. It may be assumed that the rate of increase of the temperature

of the liquid at any particular time ¢ minutes is proportional to 168 — #,

where #°C is the temperature of the liquid at that time.

(a) Write down a differential equation connecting # and t.

When the liquid was placed in the oven, its temperature was 18°C and 5 minutes
later its temperature had risen to 65°C.

(b) Find the temperature of the liquid, correct to the nearest degree, after another
5 minutes.

Q30 - ID: 5424 [7 marks, 8 minutes]

Use the substitution z = x + y to show that the differential equation
dy X+y+8

= —_ A
dx X+y—2 (4
may be written in the form d—Z = 2@.
dx z—2

(b) Hence find the general solution of the differential equation (A).

Q31 -1D: 470 [14 marks, 17 minutes]
(a) Find the general solution of the differential equation
Py dy
2— +13 — +20y =4+ 10t
a2 i 7
(b) Find the particular solution of this equation for which y =1
dy

and — =1 when t=0.
dt

(c) For this particular solution, find the value of y when t= 1.

Q32 -1D: 679 [15 marks, 18 minutes]

. d . .
Given that y =2 at x=0 and G% = —6 when x=0, find ¥ in terms of

given further that
Ry dy
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Q33 - ID: 632 [12 marks, 14 minutes]

(a) Find the value of A for which Axcos5x is a particular
integral of the differential equation

Py .

—— + 25y = —40sin5x

dx? 7
(b) Hence find the general solution of this differential equation.
The particular solution of the differential equation for which

y=1and G’l:4atx:Oisy=g(X)-
dx
(c) Find g(x).

Q34 -1D: 513 [8 marks, 10 minutes]

Given that 6xsin4x is a particular integral of the
diffezgntial equation
y

e + 16y = kcos4x
where k is a constant,
(a) calculate the value of k,
(b) find the particular solution of the differential
equation for which at x=0, y = 3, and for which
at x= g,y =7

Q35-1D: 817 [9 marks, 11 minutes]
(a) Find the general solution of the differential equation
Px dx
—_—t+2 — + =
ar gr Fox=0

. d . .
(b) Given that x=1 and dTX =1 at t=0, find the particular

solution of the differential equation, giving your answer
in the form x = ().

Q36 - 1D: 920 [12 marks, 14 minutes]
For the differential equation
Ry dy
— +7 —+ 10y = +7
dx? dx 0y = 5x(x )

. . . d
find the solution for which at x=0, a% =1and y=1.

Q37 -1D: 4238 [9 marks, 11 minutes]
(a) Find, in terms of k, the general solution of the differential equation
Px dx
—_—+5 — + = kt+
qe tog e 5

For large values of ¢, this general solution may be approximated by a linear function.
(b) Given that k = 18, find the equation of this linear function.
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Q38 - ID: 4833

. . P d .
The differential equation # +4 dTy +4y = {(?) is to be solved
dy

for ¢ 2 0 subject to the conditions that o =0.y=0when t=0.

When f(?) = 8 find the solution for ¥ in terms of t.

Q39 - ID: 5095

(a) Find the general solution of the differential equation

Ry dy

—_——+6 —+1 =1

e 6 T 3y=13

. . d
(b) Hence express y in terms of X, given that y = 3 and G% =5 when x=0.
Q40 - ID: 5100
Given that x = ef and that y is a function of x, show that:
dv _ dy
d
(b) 2 == = - =

dx?2 de  di
(c) Hence find the general solution of the differential equation

Py dy _
oz g rrvE0
Q41 - ID: 5690
(a) Find the general solution of the differential equation
Ry dy
LY gy
dx? dx 3y

. . . . d
(b) Find the particular solution for which, at x=0.y =5 and G% =5.

Q42 - ID: 7520
The function { is defined by f(x) = (1 + 6X)%.
(a) Find 7 (x).
(b) Using Maclaurin’s theorem, show that, for small values of x,
(1+6x3 ~1+3x— 2x2+ Zx3
(c) Use the expansion of e* together with the result in part (b) to show that,

for small values of x, eX(1 + 6X)% =z where k is a rational number to be found.

Q43 - ID: 4393

It is given that /(%) = In(4 + cos x)
(a) Find the exact values of f(0), ' (0), " (0).
(b) Hence find the first two non-zero terms in the Maclaurin series for /(x).

[10 marks, 12 minutes]

[10 marks, 12 minutes]

[11 marks, 13 minutes]

[14 marks, 17 minutes]

[11 marks, 13 minutes]

[6 marks, 7 minutes]
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Q44 - ID: 4401 [8 marks, 10 minutes]

Given that f(x) = arctan(v/3 + x)
(a) find (%), f(x).
(b) Hence find the Maclaurin series for f(x) as far as the term in x2.

Q45 - ID: 5055 [7 marks, 8 minutes]

(a) Given that y = In(1 + 9x), |x| < é, find ZG—Z
X

(b) Hence find the Maclaurin series for y = In(1 + 9x),]x] < } as far as the term in x3.

Q46 - ID: 7512 [9 marks, 11 minutes]

. _ . dy Py By
(a) Given that y= In(3 COSX), find d?? d?f d;
. dy
(b) Find the value of — when x=0.
dx?

(c) Hence, by using Maclaurin’s theorem, show that the first three non-zero

terms in the expansion, in ascending powers of x, of Incos x are In(3) — £ — £.

Q47 - 1D: 7513 [8 marks, 10 minutes]

(a) Write down the expansion of sin5x in ascending powers of x up to and including the term in x°.

(b) Given that ¥ = v/8 + &, find the values of d;y and ZQ—Z when x= 0.
X

d

(c) Using Maclaurin’s theorem, show that, for small values of x, v8 + e* = 3 + x+ Hex2

Q48 -ID: 7517 [6 marks, 7 minutes]

(2) Given that ¥ = In(1 + 2 sin %), find ZQ—Z.
X
(b) By using Maclaurin’s theorem, show that, for small values of x,

In(1+2sinx) = 2x— 2x?

Q49 - ID: 826 [8 marks, 10 minutes]

(a) Find the Taylor expansion of cos 3x in ascending powers

of (x — ) up to and including the term in {x — §)5
(b) Use your answer to (a) to obtain an estimate of cos 3,

giving your answer to 6 decimal places.

Q50 - ID: 5056 [8 marks, 10 minutes]

Use the Taylor Series method to find the series solution, ascending up to
and including the term in x° , of the differential equation

Py dy . ,

— +y—+y2=5x+11

dx? de 7 <

. d
given that & y=2at x=0.
dx
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Q51 - ID: 595 [14 marks, 17 minutes]

P The curve C shown above has polar equation

1 \\ r=a(ll ++/6cos#), for —mw < f# <.
( \I (a) Find the polar coordinates of the point P and Q where the
—(c T = tangents to C are parallel to the initial line.

J The curve C represents the perimeter of the surface of a
AN / swimming pool. The direct distance from P to Q is 28 m.
(b) Calculate the value of a.

(c) Find the area of the surface of the pool.

[14 marks, 17 minutes]

The diagram shows a sketch of the curve C with polar equation
r=16sinfcos?#, for0 < < g

The tangent to C at the point P is perpendicular to the initial line.

(a) Find the polar coordinates of P.

The point & on C has polar coordinates % .

The shaded region R is bounded by OFP, OQ and C, as shown in the diagram.

o 7 _ 1— cos4#
(b) Show that the area of R is given by 16/4 (cos 2fsin® 26 + %) &
- i 5
o initial line ¢y Hence, or otherwise, find the area of R, giving your answer in
the form a+ bw , where a and b are rational numbers.
Q53 - ID: 4396 [5 marks, 6 minutes]
The equation of a graph in polar coordinates is
w w
r=1+6sech, for — 5 < < >
Find the exact area of the region bounded by the curve and the lines
ff=0and = %.
Q54 - ID: 4400 [5 marks, 6 minutes]

The diagram shows the curve with polar equation
r=a(l —cos2f), forO <@ <
Find the area of the region enclosed by the curve.
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Q55 - ID: 699

The equation of a curve in cartesian coordinates is given as
(2 + ¥*)? =10(x* — ¥?)
Show that the equation may be expressed, in polar
coordinates, in the form
> =10cos 2@

Q56 - ID: 4395

The equation of a curve in polar coordinates is
r=9+5sec#
Show that a cartesian equation of the curve is

(x —5)y/ x2+ y2=9x

Licensed to Steve Blades. Page: 12

[5 marks, 6 minutes]

[3 marks, 4 minutes]
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FP2 Exam Paper full - Mark Scheme

Al-1D: 778

X 6 o X 6 ~0
xX—6 x—1 x—6 x—1
x(x—1) —6(x—6)

0 M1
= o 1 |
x> —7x+ 36
— >0 Al
G oG D |
=+ Numerator always positive |B1
= (x—6)(x—1)>0 [B1
= X>60r x<1 |M1A2
A2 -1D: 368
X»l=x—1>8x—1
= 0> 7x
=+ x<.0 =r no values
x<l=r —x+1>»(Bx—1)
e —Ox > —2
= 9x<2 = x<§
A3 -1D: 899
x>0=5x2—8x>4 |M1
= 5x> —8x— 4> 0
= (bx+2)(x—2)>0
= x<—Zorx>: |A2
= X > 2 |A1
x< 0=+ Bx+2)(x—2)<0 |M1
= —E<x<2
= —2<x<0 [M1AL
A4 -ID: 592
x> 2=5x—4<6x—3 =—-1<1x
= X > 7 |M1
X< = bx+4<6x—3 = 7<1lx
= X L |M1

it

answer= x > - AL

Licensed to Steve Blades. Page: 13

[7 marks, 8 minutes]

[5 marks, 6 minutes]

[7 marks, 8 minutes]

[3 marks, 4 minutes]
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A5-1ID: 17 [7 marks, 8 minutes]

4 5
(a) 3x?+x—4=4—-3x>3x2+4x—8=0 IMl
ma = *4&\;@6 - *4;3‘.;6\;’:1_12 IMlAl
3x°+x—4=-4+3= 3x*—2x=0 M1
=th:O,3g
(b) see graph below
() BP+x-4>4-3x0<x<} |A1
and x> ’4—;‘*@ =11
and x < 4112 = — 243 |M1A1
AG - ID: 369 [6 marks, 7 minutes]
X7 = X2 = 6x(x—7) 1B1
me X2 2 Bx2 — 42X =5 5x2 —42x . 0
= x(bx—42) <0
= 0« x<84 =7« x84 |JM1A1
X< T X2 <6x(x—7) |B1
=2 x(bx—42) >0
= x=<.00r x>84
= x <0 [M1A1
A7 - ID: 850 [7 marks, 8 minutes]
1 2
(@) 3P+x-4=4-3x 32 +4x-8=0 [M1
— 442406 _ —4i/112
= x = “AEYPE06 - 42yIR [M1A1
3x°+x—4=—-4+3x 3x* —2x=0 M1
=th:O,3g
(b) see graph below
() Bx*+x—4>4-3x0<x<$ [A1

_
and x > ~4xvllz

and x < ’4’%1_12 JM1AL
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A8 - ID: 658

(a) X>»> 4=+ x*—4=6(2— x)(x+4)
= (x —2)[(x+2)+6(x+4)]=0
= (x—2)[7x+26]=0 = x=2o0r — &
X< 4= x*—4=—6(2— x)(x+4)
= (x—2)[(x+2)—6(x+4)] =0
= —(x—2)[6x+22]1=0 = x=2o0r — &
X2 —4 26
(b) |X+_41<:6(2 X - <x<l

or X{K722
5

A9 - ID: 4239
b 7
(@) X>O=}*4—+4:;%X2+16X*28:O
_ -164/368
- 2
b 7
x< 0= 4—+4:—; = x2+16x+28=0

= (x+2)(x+14)=0
= x=—2,—14 |M1A1
—16 + +/368

2
—16 + +/368
2

= X |M1A1

= x=—2,—14, JA1

X

74
(b) 4_+4;>};l;~“,~714<:)(<*20rx;> |B2

A10 - ID: 5057

] 4 -3 / o [ T 1 2 3 4 3
24

(a) see graph below: line |B1

. V shape |B1

(b) points : —2. 2 |B1
(c) 2 —5x=3x+5» )(:*8§ |M1A1

W X g JA1

All-1D: 828

Licensed to Steve Blades. Page: 15

M1

[M1A1
(M1

[M1A1
[M1A1

|B1

[9 marks, 11 minutes]

[7 marks, 8 minutes]

[6 marks, 7 minutes]

[12 marks, 14 minutes]



(a) graph : see below
(b) x2—14=1x-2=> x>~ 1x—12=0
= (x—4)(x+3)=0=x=4,—3
X2 —14=—1x+2% x>+ 1x—16=0
L VR o, VS

(©)x* — 14| > |1x—2]= x< —05— _“’265

= X

or —3«x=<—05+ v%

or x >4

|B4
M1
|M1A1

[M1A1
|AL

JAL
|A1
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Al2-1D: 924 [5 marks, 6 minutes]
4 A B 2 —2
= = B1
(@) 4r2 — 1 2r*1+ 2r+1 2r*1+ 2r+1 E
4 &+ 22
Zl4r2*1 12r*1 2r+1
2 2 2 2 2 2
= - —C 4+ —— 4+ —— "+,
1 ) 3 3 ) 5 5 7
- — M1
2n—1 2n+1
2
=2- Al
2n+1 E
20 20 10
4 4 4
b = — M1
®) ;14r2*1 ;4r2*1 ;4r2*1 !
So2,2_ A "
41 21 861
Al3-1ID: 5957 [7 marks, 8 minutes]
1 1 (6r+5)— (6r—1) 6
a - = = M1A1
(@) 6r—1 6r+5 (6r—1)(6r+5) (6r—1)(6r+5) 1
- 1 1 1 1
b —_— Yy M1
® Y T 62 |61 &) |
1 1 1 1 1 1 1
= éKs: 1_1)+ 1 1_7>+ +(en1 en+5)] M1AL
111 1
= ==/ A2
6[5 6n+5] !
Al4 - 1D: 754 [7 marks, 8 minutes]
4 A B
@ = +
r+1)(r+3) r+1 r+3
4 = Ar+3)+B(r+1)
r=—3=z 4= 2B = B=-2 |B1
r=—1ls=p 4=2A = A=2 iB1
- 4 N2 -2
P —— - 4+ —
(b)z:l (r+1)(r+3) Z:l r+1 r+3
2 —2
= —_ 4 —
2 4
2 —2
+ -+ =
3 5
2 —2
+ — 4+ — +.
4 6
2 —2
+ M1
n+1 n+3 |
2 2 —2 —2
- 2_+§+n+2+n+3 1A2
_ 10 2(2n+5)
6 (n+2)(n+3)
_  10(n+2)(n+3) —12(2n+5) _ 101°+26n+0 IM1AL

6(n+2)(n+3) 6(n+2)(n+3)
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A15-1ID: 879 [10 marks, 12 minutes]
@@2r+12 —(2r—1)%= 82 +12rP+6r+1— (8 —12r2+6r—1) = 24r2 +2
= A=24,B=2 [M1A1
- — - 1 3 _ _ 3 _
(b) Zirz = Zl 57(@r+1)° —(2r—1)°2)
I 3 o -3 2n0
= 2_421((2” D@ 0d) - 5
1 3 3
= —(3*-1
24(3 )
1
+ — 53 733
214( )
+ —(7®* 5% +..
24( 5
1 3 a3y 2n
+ 2—4((2n+1) (2n — 1)) 52
= 1—[(2n +1)% 131~ 21 _ 1—[(2n +1)% - 1% —2n] |M1A2
24 24 ~ 24
= 21—4[8113 +12n% + 4n] = 21—4n[8n2 +12n+ 4]
= én(n+ 1)(2n+ 1) |M1A1
50 50
(b) Z (5r—1)%= Z (25r2 — 10r+ 1) = 1060425 [M2A1
r=1 r=1
A16 - ID: 5991 [12 marks, 14 minutes]
. 5
(a) w® = (cos 25—?r + Isin 25—’T) IM1A1
= cos2w +isin2x = 1 |A1
(b) LHS = WP +uw*+uwP+w? +w) — (W +ud +w? +w+1)
= w1 IM1A1
(c) wP—1=0= (w1 (W' +wd+w?+w+1)=0
wFl= wt+wd+w?+w+1=0 A1
4 3 2 .2‘5{’4 ,2?73 ,23’2 . 2w
(d) WA wrw rw+E [cis—| +lcis— ) +lcis— ) +{cis—]+1 iM1
5 5 5 5
= (cis 8;) + (cisi—ﬂ) + (cis‘g) + (61,525_3?) +1 A1
# # 4 ¢
= cosgfsin§+cos§fsing+cis§+(cis§+1 1AL
= 2cosi)—g+2cos‘;—ﬁ+1 |A2
Wl o+ 1=96 2c03253+2cos‘:3—ﬁ+120 = c0325—3+cos‘§:f AL
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A17 - ID: 5954 [3 marks, 4 minutes]
locus = half line |B1
P R T = through (2,3) {B1
% EE W ovos ol PAouwovoaow o direction= parallel to real axis {B1
R S 1 L A R
+ 0+ o+ o+ s+ s+ s+ 5 I T R
+ + - + - + + - 4 + + - * * + - +
5 oA @ oW W
T S T S S S S T
R T L T R
B Erpe AT aatele | e 2 il d G F
A18-ID: 5963 [3 marks, 4 minutes]
locus = half line |B1
viow g 2o W = through (—5,0) |B1
R 2 e e direction=at 7 to real axis |1B1
+ + + 6 - + - -
2%k 5 o e
o+ q I
e 3 Y
e . 2 O
+ + - 1 * + - +
By ahtigl ed sfaely | Me s 22 W o 2
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A19 -1D: 600
/*]-—dX 1
integrating factor= e X zehxz = |M1A1
= d—(y—):—(sxz+e [M1
ddX X
= — ( y-> =6x+6
dx WX
= Ji:/6)(+6dx
X
=P }:3x2+6x+c |M1A1
= y=3x5 +6x° + Cx |A1
A20 - ID: 562
f/tanXdX
int. factor = e M1
= glncos x §Al
= cosx |A1
dy .
= COSX — — ¥Sinx=4sec x
dx
= ycosxz/4sec xdx M1
=» ycosx=4In(secx+tanx) + ¢ A1
y=3,x=0=+ 3=¢ IB1
=+ yCcoSx=4In(secx+tanx) + 3
= y =secx(4In(sec x+tanx) + 3) A1
A21 -ID: 489
dy 1 dy 2 1
+3) — +2y= e — + = M1
(x )dX 7 X dx X+3y X(x+ 3) |
2
——dx
integrating factor= e/ X+3 =20+ = (x4 3)2 [M1A1
+
= y(x+3)2 = (XX 3 M1
= y(x+3)%=x+3Inx+c |M1A1
o= x+3lnx+¢ A1

(x+3)?

A22 -1D: 578

[6 marks, 7 minutes]

[7 marks, 8 minutes]

[7 marks, 8 minutes]

[8 marks, 10 minutes]



dy COS X dy 11 COS X
— COsx.. + _

— + 11y = —_— —¥y=
XdX 7 x9 dx X 4 %10
11
integrating factor= e/ X = 1) = 411

d

= 11 17500y = 1t
dx

= xy= | xcosxdx

= Xlly:X,SinX*/SinXdX

= xly=xsinx+cosx+c¢
X.sinx+cosx+c

=y =

x11

M1

[M1A1

M1

M1
|A2
|A1
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A23-1D: 3477 [5 marks, 6 minutes]

/* 9dx
integrating factor= ¢ =e % |M1A1

me oy = — o — 4 e IM1A1

A24 - 1D: 4845 [10 marks, 12 minutes]

dv 5 35
Ee v=g— — M1
equation dt 1 + t o 1+¢ E

IL.LF. = exp/ —d
= exp5|n(1+ H=@Q+1° IM1A2
= (1+1)° ZTV +5(1+ )*v=(1+1)°g—35(1L+)* iB1

3;—5(1 + )%+ ¢ IM1A1

integrate=s (1 + 0)°v = g—(l + )% —
= v= éi(1+z)f7+c(1+z)*5 [B1
t:O,V:Oz}c:7*§— (M1

z:»vzéi(1+z)f7+(7f§)(1+z)*5 [AL

A25 - ID: 5058 [9 marks, 11 minutes]
/.* 0.1dt
(@) integrating factor= e = O |M1A1

—0.1t Zti _ e*O,lto-lp — e*O,ltoalgt

=» Pe 0 :f e 010.19¢dx JAL

= e

= Pe 0l = —1.9te7 %1 + [ 1.9¢7 01 gx

= Pe 0l = —1.9te 01 — 19701 4+ ¢
= P=-19¢— 19+ ce®! |M1A1
t=0.FP =8000= 8000 = —19 + c = ¢ = 8019
= P=—1.9¢— 19 + 8019 |M1A1
(b) {=6= P =14581
{=7= P =16116
=» P reaches 16000 between year 6 and 7 |M1A1
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A26 - ID: 5099
/ 4x
integrating factor= e/ X*>+5 = g2In(¥+5) = (x2 4 5)2 |[M1A2
d 2y _ 2
= d?{y(x2+5) } = x(:® +5) {M1A1
= y(x2+5)2:/)((x2+5)2 dx
= y(x*+5)? = 61;(x2+5)3+c |M1A1
72 24
y=2.x=2= 162 = 6—9+cz:=»c:—3 M1
= y= é(x2 +5)+ 2éﬁ(x2 +5)72 A1
A27 - 1D: 742
dy dv (Ax+ vx)(x + vX)
—_— = —_— = —_— M2
@) dx V+de x2 |
= v+ x L = @G4+v)(1+v)
J dx
3?Xd?V:4+5V+V2*V:4+4V+V2:(2+V)2 |M1A1
(b) Xd_V:(2+V)2--,..._-;> v _dx v [M1
< C+vZ X 2+ v)?
= —(2+v) =Ilnx+c IM1A1
= —(2+v)= = y=-—2- —— [M1A1
v In§+c Inx+ ¢
- =—2x— M1
©) v X - < Inx+ ¢ |
A28 -1D: 2329
d d d
Y ot P o2 o IM1A1
dx 2 +1 X
1 -1Y _
m}-Itan 1——Inx+c |M1A1
y=0,x=4=> %tan’lgzln4+c
= c=—In4 A1
= %tanflij—:lnxfln4
Y X
- —=1ln =
o tanyl n)?
-1
—=1In =
-—.:-tjn i n;1
— = 1ln —
= 7 tan( n4X>
ﬂ;yzltan<1ln 4—) JA1

Licensed to Steve Blades. Page: 21

[9 marks, 11 minutes]

[10 marks, 12 minutes]

[6 marks, 7 minutes]
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A29 - ID: 5809
(a) ;ff = k(168 — &)
i @
(b) d_t_k(168 ) = 1—68*5?_/.1{0”
= —In(168 —#) =kt+ ¢
t=0.#=18= c=—In150)
t=5,#=65= —In103 =5k+ —In150)
k= Eln@
5= 5 153
t=10 =+ —In(168 —#) =10k + ¢
= 168 —# = ¢ 10k

e

#=168 — ¢ W0k ¢ = g7.07°

A30 - ID: 5424
dz dy
= — =1 —_
(a) Z= X+ Y= b +dx
dz z+ 8
A — 1=
()zz’dx z—2
dz _z+8+z—-2 _ 2(z+3)
; ( N dx z—2 T oz-2
7z 2(z+ 3 z—2
(b) x> 72 Z+3dZ_ 2dx

m;*f(l > ) dz=2x+c¢
z+ 3

=27z —5In(z+3)=2x+ ¢
= x+y —5In(x+y+3)=2x+c¢
= —5In(x+y+3)=x—y+c

|B2

M1
|A2

[M1A1

|M1A1

|[M1A1

M1
[M1A1
1B1

M1

|M1A1

Licensed to Steve Blades. Page: 22

[11 marks, 13 minutes]

[7 marks, 8 minutes]
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A31-1D: 470

(a) CF =% 2m?+13m+20=0 = (2m+5)(m+4)=0
= m=—-32,—4= CFis v =Ae 3 + Be 4t
Pl=y=al +bt+c = y¥=2at+ h. y" =22
=p 2(2a) + 13(2at + b) + 20(at?® + bt+ ¢) =42 + 10¢
=» 20a=4 = 3=0.2
=% 26a+20b=10 = pb=0.24
=3 43+ 13b+20c=0 = c=—0.196
GS = y=Ae 3 + Be 4 +0.22 + 0.24t+ —0.196
(b) t=0=>y' =—5Ae 3 —4Be % +0.4t+0.24
= 1=—3A—4B+0.24
= 1=A+ B+ —0.196
= 1.196 =A+ B, 1.52=-5A—8B
= 1,52 = —5A—8(1.196 — A) = A=3.696. B=—25
= y=3.696(e 3! — e %)+ 0.22 +0.24¢t+ —0.196

_5

(c) (=1= y=3.696(c 2 e %)+ 0.244 =0.48

A32-1D: 679
CF = 5m? +25m=0 =+ 5m(m+5)=0
= m=0,—5 JM1A1
= y= A+ Be 5% IM1A1
Pl= y=ax?+ bx+c = ¥ =2ax+ b, y' = 2a IM1B1
= 5(2a) + 25(2ax+ b) =5x+ 10 M1
= 50a=5 = a=0.1 jAl
= 10a+25b=10 = b=0.36 §Al
GS = y=A+ Be > +0.1x2+ 0.36x 1AL
x=0=2=A+B |B1
= y' = —5Be % +0.2x + 0.36 1M1
= 6= 5B+0.36 |A1
=% B=1272, A=0.728 iAl
PS =» y=0.728+ 1.272e 5% + 0.1x%2 + 0.36x §Al

Licensed to Steve Blades. Page: 23

[14 marks, 17 minutes]

[15 marks, 18 minutes]
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A33-1D: 632 [12 marks, 14 minutes]
dy .
(a) & —BAxsin5x+ Acos5x |M1A1
Py . .
= e —25Axc0os5x —5Asin5x — 5Asin5x |A1
=% —25Axc0s5x — BAsin5x —5Asin5x+ 25Axcos5x = —40sin5x
= —BAsin5x —5Asin5x=—40sin5x
= —10A=-40 => A=4 JA1
(b) m?>+25=0 M1
= m=:x5] A1
= (GS:y=Acosbx+ Bsin5x+ 4xcos5x {M1A1
() x=0=+1=A |B1
d . .
é = —5sin5x+58c0s5x + —20xsin5x + 40 5x |M1A1
x=0=4=5B+4= B=0
= g(x) =cosbx+ 4xcos5x |A1
A34 -1D: 513 [8 marks, 10 minutes]
(a) dl = 24xcos4x+ 6sindx
dx 2
= d_}zj = —96xsin4x+ 24 cos4x + 24 cos 4x |M1A1
X
= kKCOS4x=—96xsindx+ 48cos4x + 16(6xsin4x)
= k=48 |M1A1
(b) GS : y=Acosd4x+ Bsindx+ 6xsin4x |B1
x=0,y=3=r 3=A |B1
w w T 7w —16n
= —yv= —= —=5 — =
X=gV=zT z-B*6g = B= & |51
= y=3cos4x+ —O7 sindx+ 6xsindx 1AL
A35-1D: 817 [9 marks, 11 minutes]
(@Qm2+2m+5=08r m=—1%2;f |M1A1
= x=e ' (Acos2t+ Bsin2{) |M1A1
(b) x=1,0=0=1=A |B1
ddTX = —le 1 (Acos2t+ Bsin2:) +
+ e M2(—Asin2t+ Bcos29) M1
d
f:l*z:o»1:71+23w3:1 [M1

= x=e (cos2t+ 1sin2i) IM1A1
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A36 - ID: 920 [12 marks, 14 minutes]
CF=m?+7m+10=0 == (m+2)(m+5)=0
= m=-2,—5 = CFis y= Ae 2 + Be 5% |M1A1
Pl=» y=ax®+bx+cu= ¥ =2ax+ b, y' =2a |B1
= 2a+ 7(2ax~+ b) + 10(ax® + bx + ¢) =5x(x+ 7) |M1
=» 10a=5 =+ 2a=0.5
@ 14a+10b=35 = b=2.38 JA1
= 2a+7b+10c=0 = c=—-2.06 JA1
GS = y=Ae 2 + Be 5% + 0.5x%> + 2.8x+ —2.06 [A1
=y = —2Ae 2 —5Be 5 +1x+2.8 M1
x=0=1=A+B+—2.06
= 1= 2A 5B+28 IM1A1
= 3.06=A+B,—18=—2A—-58
= —1.8=—2A—5(3.06— A) = A=6.75, B=—3.69 M1
=» v = 6,75 2X + —3.69¢ % + 0.5x2 + 2.8x+ —2.06 A1
A37-1D: 4238 [9 marks, 11 minutes]
(a) CF=m+5m+6=0= (m+3)(m+2)=0
= m=—3,—2 |M1A1
= CF is x= Ae 3l + Be™ 2 JAL
Pl=sx=at+b = xX =2 |B1
=» 53+ 6(at+ b) = kt+5
= 6a=k5a+6b=5 M1
—a=kp=g- 5 A1
GS = x=Ae ¥ +Be 2 + Lt+ 32— 3k |A1

(b) k=18= x=3t— |M1A1
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A38 - ID: 4833

CF=m?+4m+4=0= (m+2)2=0
= m=—2
= CFis y = (A + Bl)e 2
Pl:y=a=+y =0 = 4(a) =8
= =2
GS = y=(A+ Be 2t +2
t=0.y=0=r 0= (A)e +2
= A= —2
v=(A+Bhe 2 +2 vy = (A+ Bhe 2. —2+¢2.B
t=0,y=0=0=-2A+DB
= B=—4
= y=—(2+40)e 2 +2

A39 - ID: 5095

(@)m?+6m+13=6> m=—3+£2;i
= y= e ¥ (Acos2x + Bsin2x)
y=p=13p=13 = p=1
= y=e ¥(Acos2x+ Bsin2x) + 1
(b) x=0,y=3=3=A+1 = A=2

jl = —3e 3 (Acos2x+ Bsin2x) +
X

+ e 3¥2(—Asin2x + Bcos 2x)
dd?y:53xz02}5:*3A+ZBW B=5.5

= y=e 3¥(2c0s2x+5.5sin2x)+ 1

[M1A1
|1
|B1
|1
|1

M1
M1

M1
|A1

[M1A1
|M1A1
|B1
|B1
|B1

|M1A1

|A1

Licensed to Steve Blades. Page: 26

[10 marks, 12 minutes]

[10 marks, 12 minutes]
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A40 - ID: 5100 [11 marks, 13 minutes]

d
(a) X - et=x |B1

dt
dv _ dy _dt _ dy
v _d dvy _ dx dy d dy
®) e 5(’%? - J&”E(&)
dy+ d dy dx

= Yy (Y E M1
a Yo \ax ) a 1
W Erd _dy L Ey
dt dx2 dt dt dx?
Ry Py dy
—_ = == = M1A1
= dx? de? dt 1
Py dy Py dy dy
—_ —_ =( _ = — —_ =
(©) xdeZ 7de +7y == = I 7dt +7v=0
Py dy _
= gz 8y tEo
= m?>—8m+7=0
= (m—7)(m—-—1)=0
= m=7,1 |M3
= v= Ae’l + Be! = Ax" + Bx A2
A41 - ID: 5690 [14 marks, 17 minutes]
(a)4m? —m—3=0= (4m+3)(m— 1)
=om=— 53;?1 |M1A1
= CF = Ae 3¥ + Be¥ |A1
y=pxt+qgx+r»y =2px+q, ¥ =2p
= 8p—2px— q—3(px° +gx+ 1) =x° M1
1 2 26
= D= §.. aq= 9—., r= 27 IAS
i o 1, 2 26
= v = Ae ¥ + Be §X2+9—X 57 |Al
(b) X:O?y:5=»5:A+372276 IM1A1
_yr = 7§Ae7%x + BeX — zx+ z
J 4 3 5 3 9
= l: = — - —
X—O?dX 5= 5 4A+B+9 |M1A1
=» A=0.677,8=5.286 IMlAl
_3 1 2 26
X2+ —

= y=0.677¢ 3% + 5,286 — 3 §X 57
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[11 marks, 13 minutes]

A42 - 1D: 7520
(a) f(x) = g1+6x)3 IM1A1
M(x) = ~¥@A+6x)F (x)= BE(1+6x) ¢ |A2
(b) f(0) = 1. £(0)=3, f'(0)=-9, r"(0)=81 [M1A1
[(x) = £(0)+ xI'(0) + 517 (0) + £1"(0) +...
= 1+3X*29X2+ 22—7x3 |M1A1
1 1 1 9 27
(c) (1 +6x)= (L+x+ §X2+ €x3)(1+3xf 2—x2+ 2—x3) M1
= 1+4x+ —1x°+ ?xf‘ |M1A1
A43 - ID: 4393 [6 marks, 7 minutes]
@) f(0) = In(4 +cos0) = In(5) |B1
_  —sinx
10 = y+oos I
_ —sin0  _
= 0= 4+cos0 ) )
9 = (4+cosx) -—cosx+sinx-—sinx M1
(4 + cos x)2
- F(0)=— é la1

(b)  f(x) = £(0)+ xf(0)+ §f'(0)+m
, .

= In(5) — ’1(_0 +o [M1A1
A4d4 - |D: 4401 [8 marks, 10 minutes]
1
a flx) = —— M1A1
(a) (x) Ly (B |
fﬂ(X) = 72(V{§+—X) ’MlAl
(1+ (V3+x)2)2
(b)  £(0) = arctan(v'3) = g
1 L, =23
f(0) = I (o) = ? |B1M1
£(x) = £(0) + xf (0) + ’zilf’(O) +
2
= KL |A2

X
+ =
4 16
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A45 - ID: 5055 [7 marks, 8 minutes]
dvy _ 9
@ g Tivex 1AL
OQ_‘V = — L IAl
dx? (1+9x)2
Py _ 1458 A1

dx3  (1+9x)3
(b)  £(0) =In(l), f(0) =9
£'(0)y =—81, f"(0) = 1458

f(x) = f(0) + xf(0) + )2<—|2f"(0) + )3<—?f"(0)‘__
=9x— Blew 732 |M1A2
A46 - ID: 7512 [9 marks, 11 minutes]
dy _ —3sinx _
@ & T scosx @Y M1
v _ —sec®x lA1
dx?
By 5
oy = —2secxsecxtanx = —2sec” xtan x IM1AL
X
(b) Z%/ = —2sec® xsec® x + tan x — 4sec xsec xtan x [M1A1
c=0= TV - 5 |A1
dx*
(c) f(0) = In(3cos0)=1In(3), (0) =—tan0=0
f'(0) = —sec’0=-1, f"(0) = 2sec’0tan0=0
2 X < a
f(x) = f(0)+ xf(0)+ 2—If (0) + 3—If (0) + Ef( (0)...
2 2x* 2
=In@R) 5 =—=InQR)~ 5+ = M1A1
ne) 2! 4! n(3) 2 12 3
A47 - ID: 7513 [8 marks, 10 minutes]
3
(@) sinbx = 5x— (53)5) = 5x— 125 |B1
dy _ 1 b
(b) Odg = 2—(8"'@) e |M1A1
v _1 xy-box _ ox L Xy=3 ¥
Tz - 2—(8"‘6) et —e 4(8+e) e |IM1A1
1 1 1
f = - T = -
- 21(9) g 1 1 17
! = — 7% — = 7% = - —_— = —
= [1O=30) A =5 g~ 108 M
(c) f(x) = f(0)+ xf'(0) + 2—If"(O) + ..
= 3+ ]—-X+ ixz iMlAl

6 216
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A48 - ID: 7517
@ dl 2cosx
dx 1+2sinx
oﬁ_y _ (1+2sinx) - —2sinx—2c0Sx+2C0SX
dx? (1 + 2sinx)?
—2sinx—4
(1 + 2sinx)?
_ . _ _ 2cos0 _
(b) f(0) = InA+2sin0)=0, f(0) = 1% 2sin0
7(0) = —2sin0 —4 _ 4
(1 + 2sin0)2
2
f(x) = £(0)+ xf (0) + ’zilf'(O) +..=2x2x2
A49 - ID: 826
(@ f(x) = cos3x, f(3)=0
f(x) = —3sin3x, f(z)=-3
"(x) = —9cos3x, ["(§)=0
f"(x) = 27sin3x, f"(%) =27
f@(x) = 8lcos3x, f™M(£)=0
f®)(x) = —243sin3x, f(s)(g) = —243
= cos3x= () + F(E)(x — Z)+ S (x— 52+
= c0s3x=3(x— )+ 2x— 5P~ B(x—§)P
(b)) x=1= cos3=-3(1— %)+ 1—5°— L@ 5P
= —0.992342
AS50 - ID: 5056
v=0= Y v4va-11
dx?
ey _
dx?

2
differentiate = gi + ydi + ( dy) +2y d

<

/%3 dx? dx d

x=0= Y t64448=5
%3
= 2 =-13
dx3

13

3
=24 2x+ =x2 —
=y X+ 5 5

Licensed to Steve Blades. Page: 30

[6 marks, 7 minutes]

[M1AL

[M1AL

[M1A1

[8 marks, 10 minutes]

(M1
|AL

|A1

[M1A1
|B1
[M1A1

[8 marks, 10 minutes]

|B1

|M2A2

|B1

[M1A1
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A51-1D: 595
(@) y=rsinf = a(1ll+ v6cos#)sinf = 1lasin# + av/6 cosf#sinf
& = 1lacos# + av/6(cos# cos? — sinésinf)
dy =2v/6acos’# + 1llacos# — v/6a
2\,/’6cos # + 11cosf? — /6 =0

cosff = ~llivi2ivds _ 2_
44/ 6 i

# =4 1.365

r= 11 53

(b) 2rsinff=28=> a= 28 = 1.244

(c) Area= : (2P d = k[ (a(l1+/6cost))? ¥

= } [§7 22(121 + 226 cosfl + 6cos’ )
B si inof , #
22(242% + 6%) = 603

iiiJUUlilﬁ

1
2
1
2

A52 - ID: 353
(@) x=rcosf = 16sinfcos>#
d
O% = 16 cos*# — 48sin®#cos? ## = 16 cos?#(cos’ # — 3sin’#)
dx 1 T
X _ §= Zempp= o
B 0 =+ sin 5 e 8 ]
= r=16sinffcos?# = 161—_ ﬁ - 18
'z 8
13 1 ff op 4
(b) area = 3 P = 5 256 sin“ # cos” #d?
§ §
= %/4256c05295in2§c052909
%T
= %f432(c0s2€?+1) sin? 20H
5
3 — g
= 16/ (costﬂsm 20 + “2—054) df
3
1 # sin4#l?
(©) area= 16 | =sin®20 + = — 20 9
6 8 :
_ 1 o v"é T xfé _ 1 w
- 16[5*5] {E“Ll_z E] - 16[5*74]
AB53 - ID: 4396
Area= E/erzah%" = E/‘e(1+65ecﬁ?)zoi‘;d1
2 0 2 0
1 =
= 2—/6(1+12sec&'+365ec2t?) R M2
0
:ZEL1§+12In(sec5‘+tanff)+36tanﬁf]§ |B1M1
_1 [1_"F+12|n(2_+ L4 33]
2 R
1 svfs

+6In(v/3) + —= JAL

Licensed to Steve Blades. Page: 31

[M1A1
[M1A1
|AL

|A1
[M1A1

|B1
[M1A1
[M1A2

M1
|M1A1

[M1A1

|A1

[M2A1
|M1A1

[M1A2

[14 marks, 17 minutes]

[14 marks, 17 minutes]
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A54 - ID: 4400 [5 marks, 6 minutes]
1 % a2 T 5
Area= —/ 2dg= —/ (1 — cos26)? df
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2 "
= %/ (1 — 2cos 2f + cos? 28#) d? |M2
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A55 - ID: 699 [5 marks, 6 minutes]

x=rcos#, y = rsinf= (X2 + y2)? = 10(x® — ¥?)
= (12 cos®# + r2sin®#)2 = 10(r2 cos? # — r2 sin’ #) [M1A1
= r*(cos? # + sin? #)2 = 10r2(cos? # — sin® #)
=» * = 10r%(cos 2#) |M1A1
=+ r2 = 10(cos 2f) A1

Ab56 - ID: 4395 [3 marks, 4 minutes]

x=rcost, r2=x%2+ 32
(x—5)y/x2+ y2 = 9% (rcost — 5)r=9rcos# |[B1M1
= (rcosf? —5) = 9cos#
=% rcos#=9cos#+5
= r=9+5sec# 1Al



