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Formulae
A Level Mathematics A (H240)

Arithmetic series
S = %n(a+l) = %n{2a+ (n—1)d}

Geometric series

S :a(l—r”)

n 1—r

S = la for |r| < 1
© —r

Binomial series
(@+b)'=a"+"C,d" " 'b+"Cyd" ?b* +...+"C,a" b +..+b"  (n€N),

where "C = C =<n>=n7!
r n-r I"'(

r n—r)!
—1 —1)...(n—r+1
(1+x) = 1+nx+”(”2, )y 420D r,(” D (<1 neR)
Differentiation
f(x) f'(x)
tan kx ksec’kx
secx secxtanx
cotx —coseczx
cosecx —cosecxcotx
o v, dy
. dx dx
uotient rule y = Z, _—=
Q y \% dx vz

Differentiation from first principles
£+ 1) — f(x)

£'(x) = lim h
Integration

JﬂﬁwzmMﬁ+c

f(x)

Small angle approximations

. 1 A2 . . .
sin® = 6, cosf ~ 1—567, tan® ~ 6 where 0 is measured in radians
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Trigonometric identities
sin(4 + B) = sin4 cos B+ cos Asin B

cos(4 +B) = cos A cos BFsindsinB

tan(A iB) _ tan4 ttanB

1
“ 1FtanAtanB <A +B# (k+ 5)7[>

Numerical methods

Trapezium rule: Lbydx =~ %h{(yo +y,)+t2(v,+y,+...+y, )}, where h = b=

f(x,)
n+l xn - f’(xn)

The Newton-Raphson iteration for solving f(x) = 0: x

Probability
P(A4UB)=P(4)+P(B)—P(4NB)

P(ANB)=P(4)P(B|4) = P(B)P(4|B) or P(4|B)=

Standard deviation
/Z(x—i)z _ 2 /Zf(x—@2 B SHE L,
= x~ or = —X
n n >7 >f

The binomial distribution

If X~ B(n, p) then P(X =x) = < )p"(l —p)'"", Mean of X is np, Variance of X is np(1 —p)

Hypothesis test for the mean of a normal distribution

_ 2 X—u
If X~ N(u o) th X~N< ,"—) d £ ~N(0,1
(1, 0?) then M) an o/ Vn (0,1)

Percentage points of the normal distribution

If Z has a normal distribution with mean 0 and variance 1 then, for each value of p, the table gives the value of z
such that P(Z < z) = p.

P 0.75 0.90 0.95 0.975 0.99 0.995 0.9975 0.999 0.9995
z | 0.674 1.282 1.645 1.960 2.326 2.576 2.807 3.090 3.291

Kinematics

Motion in a straight line Motion in two dimensions
v=u+tat v=utat

s =ut+yat’ s =ur+yar’
s=%(u+v)t s=%(u+v)t

V2 =u?+2as

1 1
s =vt—zat’ s =vt—sat’
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Section A: Pure Mathematics

Answer all the questions.

1  Acircle with centre C has equation x* +y*+8x—2y—7 = 0.

Find
@) the coordinates of C, [2]
(ii) the radius of the circle. [1]

,1}‘!)7 )Lz + ({)1 -\-7 8)‘ - ZS - 7 = 0 ,
| (x+a) « (9=1)" - 16-1 -% =0
R CTRS NN C P2

] )———
E RQ(LI'US * Z‘f‘
1l . (-4,1) S
2 Solve the equation [2x— 1| =[x +3|. 3]
2_ \2)«. - | ' = \J‘ « 31
777#2-;.7}[,3', 2,:_ | = Vx + 73 or 2 + V= x+73
pla = ‘1~ - - f_2 = ?)L
N x = -2
<
- a o o o a o /\

3 In this question you must show detailed reasoning.

A gardener is planning the design for a rectangular flower bed. The requirements are:
¢ the length of the flower bed is to be 3 m longer than the width,
e the length of the flower bed must be at least 14.5m,

e the area of the flower bed must be less than 180 m?2.
The width of the flower bed is xm.

By writing down and solving appropriate inequalities in x, determine the set of possible values for the width
of the flower bed. [6]

© OCR 2018 H240/03 Jun18
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x (x«13) < 180

Area -

x"+3x - 180 < O

()c— IZ)(x+ I‘S) <O

Se we  Raoc x 2 1.5 and. *|§< x < |72

PuH‘im\qj Hnesc *'quewer ldou 8@,\: Y € x < \2

In this question you must show detailed reasoning.

The functions fand g are defined for all real values of x by

f(x)=x* and g(x)=x*+2.
@) Write down expressions for
@  fglx),
4i) R - X a (x) = x' +2
) fgla) = Flte2) = (xts 2
(b)  ef(x).
b)  ah(x) = g (xP) = (3) <2
J v 3
- x° + 2

Hence find the values of x for which fg(x) — gf(x) = 24.

i) Fa(x) =~ atlx) - 24

()(."d+ 2)! - (x+ 2) -~ 24

()cz+2)(xl"+ 44 4 ) = x® -7

)(0+ iy €+ b+ D T4 8-&1"' 8 —/X/&’— 26
Ex“ + 12x"-18 = O
x ¢ +2)cL— ’2 - O
(x* - |>(Xl+?)‘-0

(i)

= 24

)C-L"' ’3 = 0 l')a.s o So\u}iofn

© OCR 2018 H240/03 Jun18
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5 (i) Use the trapezium rule, with two strips of equal width, to show that

M 11
— drx~——V2.
J02+«/} e

- let }(’L) = !
1 2+Jx
b rwr e
- 20, R ) \
B Rt |
= 3 =+ 7
- 4 2+
- ,*L ’3 4 Z 2"52
“ 2+32 2-J2
=2 4 - 232
“+ 4 -2
= 3  2_X : -
2
= I ‘—'"3’2— . =
4

(i) Use the substitution x = ? to find the exact value of

Y
dx. 6
J02+ﬁ Lol
i) x = o ] )
A)L = 2\) = Ax = 20 AU ‘0
dw
co\w x = 4 o=
[“ ! (1 ! x=0 u=0
[o514 = = 20 av
Jo 2+ e Jo 2+
L 2 ( v (
= av
o bz ™ o
2
- - 2 I B du- o - ®
© OCR 2018 H240/03 Jun18
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= | o- 2L(z2+9)

L J5

~

~2|1-24 -0 + 2

=

= 2(2- 41,2 ~ 20,2)

- 2(2-2.1)

(iii) Using your answers to parts (i) and (ii), show that

In2 ~ k+ g,

2]

where k is a rational number to be determined.

m - - 2(2-2112)
4

© OCR 2018 H240/03 Jun18 Turn over
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6  Itis given that the angle O satisfies the equation sin<29 + %ﬂ) = 3 cos (29 + %7[)

(i) Show that tan26 = 1. 3]

|

6:) si (20~ &m) - Teos (20« L)

- 4 Sin 20 cos L:— + Sh %L?éze = ’3(.0529 wsZ - 25».293:,. ELL
L 20+ W oslO = 32 0s26 - Vs .20
2 n I 2

45,26 - 226

$.20 2
30 “
26 = 1
(A
—
(ii) Hence find, in surd form, the exact value of tan6, given that 6 is an obtuse angle. [5]

ii) M’ZG : l"L

I S

thG - {
| - 2’0 z

. 41, 6 = | - Yo" O
_ ta 0 + 4ta®6 - | = O

bn@ = -4 Jat - 4()
2

b & = -4 t JZO
7

bo. & = —21‘)3

-2+J% >0 So Sives an

< b,,e = -7 - Jg
/ - 7 -
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7  The gradient of the curve y = f(x) is given by the differential equation
d
(x—1) E+47 =0
and the curve passes through the point (1, 1). By solving this differential equation show that
2
— 1
fly) = & ax+ ’
) bx*—bx+1
where a and b are integers to be determined. 9]
— 7‘%_‘¥7_ _____,_____71_74,*”_'_>7 I . e
B (2 - )V dy 4= 0
| ~ vV
f dx o -
(Zx-‘)AL"'4‘t\,}z
dax .
[ - T — ' 4
) g 9 (2615 -
-2
\ = o (2x-1) + c
- - L “
Y
1= - | + C
ka (2):. 1)
A‘: 3 = | w = | I = - | + ¢
N | (2-1)° )
| = -1 =+ c
v c-2
| _ - | +~
(0 CZx_ -1 )1
— . |
J
R =) &
(2e-1)"
w = (Zx -1 )t

—vw 2(2x )

© OCR 2018 H240/03 Jun18 Turn over



PhysicsAndMathsTutor.com
10

Section B: Mechanics
Answer all the questions.

1 0 . .
In this question ( 0) and <1> denote unit vectors which are horizontal and vertically upwards respectively.
A particle of mass 5Skg, initially at rest at the point with position vector 45) ™ 18 acted on by gravity and

15 -7
also by two forces <_ 8) N and <_ 2) N.

(i) Find the acceleration vector of the particle. [3]

s )

(i) Find the position vector of the particle after 10 seconds. [3]
i) S s - .
| v - O s = ob+ Yab
v.© T ¢ - 5 (10)° [ 6_)
I (L5) LI
| t= 10 o o
| s - 8o (16 )

© OCR 2018 H240/03 Jun18
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{a.r

Hae Parlw:.le@, bhes mweol be l-
we ﬂﬁﬁéif,b,,J_J& on ke skl _s\‘w% o

SR

A uniform plank 4B has weight 100N and length 4m. The plank rests horizontally in equilibrium on two
smooth supports C and D, where AC = xm and CD = 0.5m (see diagram)

Slﬁ

9

4m
A xm C 05m D

A A ’
find

The magnitude of the reaction of the support on the plank at C is 75N. Modelling the plank as a rigid rod

(i) the magnitude of the reaction of the support on the plank at D

(1]
Ay % R
2 2-x T o5 1 s - 0.5
S 1 A N
loo
R(1): 95 + R - 100
RD = 25
(ii) the value of x. [3]
D) (€ 100 (2-% ) = Rp(05)
L 200 - 100x = 2% x 0.5
- V\00x = 200 - 125
L ) 100> = 18Y.5
x = |.8%5

© OCR 2018
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A stone block, which is modelled as a particle, is now placed at the end of the plank at B and the plank is on
the point of tilting about D.

(iii) Find the weight of the stone block.

131
I
| L;i, IR 'Rr RD
T )
1§78 /N ores [ o3rs A 1625 L
~ < \00 v mco
he plok s an Hhe ponk o hilbmy abot P,
earing e = O
G- 100 x 0.3%5 = 1.625m
» = 231 N -
/—— S
(iv) Explain the limitation of modelling
(a) the stone block as a particle, 1]
(b) the plank as a rigid rod. [1]
- 'V) ﬂne . Uock 7_4\1&_5__ cL'(Hensiom BN o) ﬂs e hk s rm_‘t__dh
- fpggsfeg!l, ot exaclly R ok s ohat oo
assume  hen b is ‘P,arku\_e S —
Yoo are asyuming e  vod  does oot head

© OCR 2018 H240/03 Jun18
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10 Three forces, of magnitudes 4N, 6 N and PN, act at a point in the directions shown in the diagram.

6N

The forces are in equilibrium.

(i) Show that 6 = 41.4°, correct to 3 significant figures.

Jol) R(=): 4s.10 - b O
o S os 050 - 61,0
Cos & - 3
Al
) . 6O - 414096
| N e e
- I - —_ .

(ii) Hence find the value of P.

P = 460:29 + bcos©
P~ 0% + 45
P-5

—_—

;;)_ RN _

© OCR 2018 H240/03 Jun18
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The force of magnitude 4N is now removed and the force of magnitude 6N is replaced by a force of
magnitude 3 N acting in the same direction.

(iii) Find
(a) the magnitude of the resultant of the two remaining forces, [3]
(b) the direction of the resultant of the two remaining forces. [2]

U ¢
>

K
|
\
\
i

= Vs, 4l 4 = 1 98473

J, : 5-—3Cos4-‘.11-’- 275

N B T

———
(e
278 M

2

M- )2.75"+ L4843 = 339N

—_—

b, O - 2.8
198473

9 = 54 l?“ Le)ou H-e, Loqi?.on“L‘

© OCR 2018 H240/03 Jun18 Turn over
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11 The velocity vms™' of a car at time ¢s, during the first 20s of its journey, is given by v = kz + 0.03¢2, where
k is a constant. When ¢ = 20 the acceleration of the car is 1.3 ms™2. For ¢ > 20 the car continues its journey
with constant acceleration 1.3 ms™2 until its speed reaches 25ms~.
(i) Find the value of £. [3]
Hn) v o= k!? + 0.0’}ﬁz
o -~ dv - k + 0.06t
de
At }-20 a= L3
13 - R+ 0.06(20)
. L2 -12 =k
R ~0.)
P
(i) Find the total distance the car has travelled when its speed reaches 25ms™!. (7]
7 J
13
- 0.0%t + 0.0lt +cC
L Whe, E:0  s=0 = c¢=0
' g
$ = 0.0%t ~ 0.0lt
I the f‘tsé 20 scconds e travels
| 1
L s - 005 (20)+ 0.01(20)
| s = 100
For & > 20 S = S
o = 0.1(20)+ 0.03(20) = 14
v - 2
a = 1.3
L - —
v' o= u1 + ?.as
2
25" -~ w4 o+ 2(13)s
429 = 2 65
s -~ 165
© OCR 2018
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12 One end of a light inextensible string is attached to a particle A of mass mkg. The other end of the string is
attached to a second particle B of mass Amkg, where A is a constant. Particle 4 is in contact with a rough
plane inclined at 30° to the horizontal. The string is taut and passes over a small smooth pulley P at the top
of the plane. The part of the string from 4 to P is parallel to a line of greatest slope of the plane. The particle
B hangs freely below P (see diagram).

The coefficient of friction between A and the plane is u.
(i) Itis given that 4 is on the point of moving down the plane.

(a) F ing_ t_he exact value of 4 when /li}A - 7]

\zii) cL) ,__R_,_\ 10O\

i/‘— —
R
N3

A T+ F -~ omgsn30
v |
1 '+__5%_[237P- = ’i“‘?O\} _@ﬁ

© OCR 2018 H240/03 Jun18
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SUL @ inl'o @ :
B ) o
% + 3 = 7
% %9 J; 05y <79
Nk =
2 4
mo= A
23
K = )3
(b)  Show that the value of A must be less than% . 2]

L ) 'ﬂne equabon of (hohon {oc B is <kl
I \ T
T- lh?)
So\o Hﬁx inb }Le exlauukon %or A

T -+ F = (\')0\5-}130
vy
Aoog + F = 30
3 J
F = }il‘vq - rl(\”O\
v N

Qe kaoo F>0 becaus e b s on the

1(_)0,-,.} of (Hov.-‘nf.) o dlocsn the P‘Me So {,;LL-M
pust be achiog bp
 F>0 )
209 - 2emg > O
"?.P"@ 2 l%%
1< %
—
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(ii) Given instead that A = 2 and that the acceleration of 4 is % gms 2, find the exact value of u. [S]

2z ~N

)_ A ,LJé,{OJf—,F R- f‘vf\)c.os'z() N g R

=t
3

id:; ﬁﬂze. 67 V] &\ﬁqo_i_ n]L mobon .O‘»___A_ i ,,w,i,i,

Lbe ma = 1= e (k)
Zm% - 17 = "20‘?0‘\'
T1-= 33‘*73 ®

F - mss:nlo = M (". )

Npgp - ™
2

T -
T..

o
d
N
45:? +

3 - - L = =M
z“";\ J;lf‘-»sh i Moy + 79
}_j_rr%{“— J2 prer Mk
Z z J
M= 3

END OF QUESTION PAPER
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