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Arithmetic series
S, =in(a+l)=1n{2a+(n-1d}

Geometric series

S - a(l-r")

1-r

S =1L for |r|<1

0
—-r

Binomial series

Formulae
A Level Mathematics A (H240)

(a+b)'=a"+"C, a"'b+"C, a"*b*+ ... +"C, d"'b + ... +b"  (neN),

!
where "C, = ,C, =(nj_ T

r) ri(n—r)!

1+x)" :1+nx+n(n—'_1)x2 + ..+ n(n—l)...fn—r+l)x, + ... (|x|<1, ne ]R)
r!
Differentiation
f(x) £'(x)
tan kx ksec? kx
secx secxtanx
cotx —cosec’ x
cosec x —cosec X cot x
du_ dv
dv Var "d

u

uotientrule y=—, —=
Q ’ v dx Vv
Differentiation from first principles
£/(x) = lim LM =10

h—0 h

Integration

£ gy
o) dx = ln|f(x)| +c

.[ £ (F() dx = —— (£(0))" +e

b
n+l

Integration by parts Iu d dx=uv— I vd—u dx
dx dx

Small angle approximations

sin@ = @,cos@ ~1 —%ez,tan 0 ~ Owhere 0 1s measured in radians
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Trigonometric identities

sin(4+ B) =sin Acos Bt cos Asin B

cos(A+ B)=cos Acos BFsin Asin B
tan A+ tan B

tan(A+ B)=——— A+ B# (k+Hr
( ) l1F¥tan Atan B ( ( 2) )

Numerical methods

Trapezium rule: Ibydx Ih{(yy+y,)+2(n+y, +...+y, )}, where h= b-a
. . . f(x)
The Newton-Raphson iteration for solving f(x)=0: x,,, =x, —T")
x}’l
Probability
P(AUB)=P(A)+P(B)—P(4ANB)
P(ANB)=P(A)P(B|A)=P(B)P(4|B) or P(4|B) =%;Z;)

Standard deviation

T e e i
n n X Xf

The binomial distribution

n
If X ~B(n, p)then P(X = x) =( jpx(l — p)"", mean of X is np, variance of X is np(1 — p)
X

Hypothesis test for the mean of a normal distribution

2 —
If X~N(u, o )then )_(~N[,u, %J and f/\/%NN(O’ )

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 | 09975  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-+at v=u-+at

s=ut+Lat’ s=ut+Lar’
s=2(u+v)t s=1(u+v)s

2 2
v =u"+2as

s=vt—Lar’ s=vt—iar’
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Section A: Pure Mathematics

Answer all the questions

1 (a) If |x]=3, find the possible values of |2x —1]. B3]
Ayl =3, %= e -3
e =3 V2% - 0| = \6-—\\——‘%}_
o ox- -2 125 - ) —.\-5-\\-_1’

(b) Find the set of values of x for which |2x—1|>x+1.

Give your answer in set notation. [4]

_LA); E‘.“,er Py =V > x4
w > 1

_oc Zx - & ox =)
TIx < 0
x <0

{>¢:>c<oSu{x:x>?_],

2 (a) Use the trapezium rule, with four strips each of width 0.25, to find an approximate

1
value for ! dx. [3]
o V1+x?

7 a) let FG>) -~ )

1+ >

F (o) - 1

Flo.28) = 0.9%0)
F(0.5) =0 Q944
F(o.%8 )~ 0.8

F (W) = 0.10%F)
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Avew - 025 (V+ 0.30#) « 2 (0.9%01+ 0.804s + 0.8) )
2

= 0. 8195

e
/'

(b) Explain how the trapezium rule might be used to give a better approximation to the integral
given in part (a). [1]

:1}1); ch St o...“ e&r fn\ ecv a,\ 5

3 In this question you must show detailed reasoning.

Given that 5sin2x=3cosx, where 0° < x <90°, find the exact value of sinx. (4]

¥{3 SSEAZX = ?cas 3¢
S (’Zs:/m oy x ) = gcmx
Cos x (lO Sende — 2 ) = O

(osx = @] or 10Sinse - ’3 =

@)
0o Vu_llues .liof ‘O.Sn‘n Py ?
0< x € 90 Sabisgu Sinx = 3
rJ 1o
Hhis
=
4 For a small angle &, where @ is in radians, show that 1+cos¢9—3cos20z—l+§6’2. [4]
4‘ ()56 cos O = 1 - "z 91
L\t
|« O 6 - 1+ (1-%e)-17 (1-36")
=V 4 l-X07- 3+ 20" - 77,_6"’

w\nen 6 s St a.“ yov con neq\ed ‘Hne L)n‘c\\nef
J V] J

4
ordes Lecoms of ()
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ool + e0sB - RostO = - \+55_91

5 (a) Find the first three terms in the expansion of (1 + px)% in ascending powers of x. [3]
3 1 - 1
Dla)  O+px)’ = v+ Spx + (5)(5)(p)
I 2[
| + %o Lot
= 3> - Hpx

(b) The expansion of (1+qx)(1+px)% is l+x—%x2 +....

Find the possible values of the constants p and gq.

]

b) (1 g )0epx)’ = (1egu)(ie b Hp>™)

2 3y 2 3
) = Vw hpx o Gptate gxoebpga - Gpg x

3 \ Kd ‘3
= Vs (Sprg) + (%09 - %P )-apg>

Su\a (D into @

‘1 o - ‘}2 49 = ’3 + 5 = +
T { L 2 <
ll F = 2 ? = ,3 - 2 = |
! 3 ?
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So -

or

@

W\~ D

‘.\\‘N N\

or

T
Wf

6 A curve has equation y = x> +kx—4x" where k is a constant.

Given that the curve has a minimum point when x = —2

) find the value of &

C‘ A e Cinicawer  Qoisk ——(L} = 0

[
el
=

Y )b v Ry - 4x7
(‘jU\ = 2>c -+ l? + 4): B
'™

ﬂ» = -2 - - 2(-2)-\— ]?+4—(—2)'1

@)
O -~ -4 +R + )
R

- 13
Ly = 2 - <
dx?

show that the curve has a point of inflection which is not a stationary point.

At Po:nl of in%‘ec\ﬁ'on’ dy = O

—J
)LL
3
O - 7-3x
-3
g = 2
4x?
2 = 4‘3
l? 2
doxt
© OCR 2018 H240/03
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{or x 7 4‘? (‘11;3 > 0
‘ Aot
3
ohe, x = 4 d + O
.5
dx
___\'l,gm&__ = 41 VS o ooml: n|L ;ng\,\eg\uon \QUE
nol:, [ 8 .S\o;\w’onal‘u 90|ot _
7 (a) Find j5x3 x> +1 dx.
*:H OL\ \ '5)(3 _)._)—’::l dx
' y ]
|¢\— U = )cl—e | = o(u = I
dx
( fal
\
\ ‘Sﬁ )x—z-f-' cba = \‘3)(2 J_t/) . 'z“x clu
J J
= [ gxl J_G - )i CLU
J
i
5 (v- 00 do
= 210t -0 Lo
- B ‘/‘ Si z 1 '\.}}i‘-l +— <
R SR
:
= ()cl-l— *)2 - :f—(x‘—ﬁ ( ) + h
© OCR 2018
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(b) Find [6tan’0d0.

You may use the result Itan 0do =Inlsec | +c.

) Jerre

(3]

gse 3n¥€3f“|‘500 !mJ ‘n&r‘h
et v: © b = t O
do = | 46
46 N
v = K’mfe = ‘ set6 —)  4C
v J
= ta - 6
_: Gtle" € &g = 9(}@.6 - 0) - l te.d - 6 d6

= _94%(9—91—'|nl36¢t9|*L91""C

2

T

- 0t - 507 - lalsecll + ¢
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8 In this question you must show detailed reasoning.

The diagram shows triangle ABC.

15°
45 ] 3(° B
1 E

The angles CAB and ABC are each 45°, and angle ACB =90".
The points D and E lie on AC and AB respectively. AE=DE =1, DB=2.
Angle BED =90°, angle EBD =30° and angle DBC =15".

(a) Show that BC =

2 46
\/_;\/_' 3]

\
|l
)
-
o/~
W,
=
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\'('J_j -_BC

S

BC’— (I-Q-Jj) < jz

J2 J2
Bc = > + J¢
2
(b) By considering triangle BCD, show that sin15" = \/82\/5 . [3]
i_
!l—;) ADcC i isosceles o fc = AC
Bc - AC
Je+Je = Ap + DC
2
Je +J6 = ﬁ +~ DC
2
DC = Jz « J¢ - J2
2
DC = J§ - Jz
2
Si,.l‘s = C’D = ﬂ - 5_2 e 2
BD 2 )

s 18 - Jé -2
4

© OCR 2018 H240/03
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Section B: Mechanics
Answer all the questions

9 Two forces, of magnitudes 2 N and 5 N, act on a particle in the directions shown in the diagram

below.

2N

5N

(a) Calculate the magnitude of the resultant force on the particle.

Q) R(5) 5+ 2eos 4O

= 6532

R(T)f 28:;.4—6
- 1.285¢

Mantode = 68321 + 12856 °
- 6 €Sty

(b) Calculate the angle between this resultant force and the force of magnitude 5 N.

1) _
/ 2sia 40

)

O+ 2cos 40
"‘a,.e - 25:/’4—0
% + Zwos 40
O - o, (0.1968)
6 = .13

© OCR 2018 H240/03
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10 A body of mass 20 kg is on a rough plane inclined at angle  to the horizontal.
The body is held at rest on the plane by the action of a force of magnitude P N.

The force is acting up the plane in a direction parallel to a line of greatest slope of the plane.
The coefficient of friction between the body and the plane is 4.

(a) When P =100, the body is on the point of sliding down the plane.

Show that gsina = gucosa +5. a

10

Q Q P
) Ty
F\ /?'/
ed

P
)

204
J

7

'm) che, i+ is 0n the ?o;nk o Siding doon  the

J
gorces ‘mgalie\ fo the P lane afe balasced

'2033:,.9( = P-R + E
_2035:,..,( - M X 203&:59( -+ IOO

aShel = QqKreosS o+ ‘;

(b) When P is increased to 150, the body is on the point of sliding up the plane.

Use this, and your answer to part (a), to find an expression for in terms of g.

o) /I I,
N

204

P
) ’

[4]

3]

© OCR 2018 H240/03 Turn over
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ﬁe.so\ve 2033,‘,, o + MR = P
200\ Siadd + KX 203005 L = \50
’lﬁs.‘n £ + Duocosw = |8 0]
Fro,  the egua bon Le‘rwm ,
ash =
J

3 3}'.6050( -+ '5
M oS KX =

J V)

b @

O
into ®

ZO\SMO( -+ 2(0\5“"0( - 5)

233'4 i -+ 2QStn

-lo = I8
Ll-gs:,,o( -~ 25

Sinot = 25
d - SI\4—| / ZS \
11  In this question the unit vectors i and j are in the directions east and north respectively
A particle of mass 0.12 kg is moving so that its position vector r metres at time ¢ seconds is given by
r=201+(5—4)j.
(a) Show that when t =0.7 the bearing on which the particle is moving is approximately 044
— . - 3]
ey ©oe 24P (8- a4t
I -
v - 4ot = 6t + (lot - 4,
dt
A b- 0. v = €(o 1)y + (10(0F) = &)
v = 2941 + ?J
© OCR 2018
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7
/:\/ 3 W k3 )\ = 485.¢€
=) \Z,% /
29%

Leaﬁncz\] = ® - OIO - 45 6 = bi 4 )

[=]

bearinﬁ = Q44

(b) Find the magnitude of the resultant force acting on the particle at the instant when ¢ =0.7.
[4]

19) e - d v - |26 \Oi
dk -

At t- 0.1 @ = 12(0. )i =« Io;_

a = 8 4 + \O"!
US-‘M\ F"- Mo
J

F - 012 (84 « [0j)

F = lOOBI + \-2:‘

Maﬁni“uole N J\.oog‘ + 12 - | %1 N

,So | W:\'V\oe ] “u‘a\ \oe ;3\\_l7 c:gove an ?\}rou,ch 38

2.108 + |.8 = T 603m

—_—

© OCR 2018 H240/03
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i Lori Zon“d“q - s 40 = <
v £
£ - &

N }Ocos 40

\/Etl‘ica.uﬂ : s = S
U = OSL40
v —
@ = —938
£ - ¢
10cos 40

S = U""“ ‘/-‘,.CL‘:-L

\ « s (-a9)( & \

S = Usha&0 / 6
\ l0ws 40 } \10e: 40 /

s = 2.029
ﬂn.‘; is lg + 2.029 - 1529 ™ above Hoe %roun&
'ﬂ.,;J i 2 529 - 2% = \Aozq ™ a-\oovc an L°°P
= |.O3m

—_—
|
b) e hoti 200 hllrj : Us 40 = 5?

H240/03
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(¢) Determine the times at which the particle is moving on a bearing of 045°. [2]

_,c,;l_ﬂn-i Lalo‘g@L hen the 1 (.omlmne.t oL ve\ociks

1
CO(“:?O{)EO‘C o} veloc "3’ I

(&~

6L - Job - 4

6L - lot + 4 = ©
U -8t « 2-=0
(3t -2 )(¢ =2 )

E"% of t-= |\

Lx;l’L vatues o‘L l: ase vad ick

12 A girl is practising netball.
She throws the ball from a height of 1.5 m above horizontal ground and aims to get the ball through
a hoop.
The hoop is 2.5 m vertically above the ground and is 6 m horizontally from the point of projection.

The situation is modelled as follows.

. The initial velocity of the ball has magnitude Um s .
o The angle of projection is 40°.

. The ball is modelled as a particle.

o The hoop is modelled as a point.

This is shown on the diagram below.

40° 25m

© OCR 2018 H240/03
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(a) For U=10, find

(i) the greatest height above the ground reached by the ball [5]

~-~\1§°‘-)3 //——-——\
| 2 ] [
fieo)
1 ERIAY
S Y 5 - — ~
2 - p >
T\,.e Max Le;:\)LL is (IJ\V)EA ”»e vechal (.Oﬁf)on(“/v(:
of velocihy  is  zefo
(se Soval  on Hoe verbeal tmohion
s =S verfical component of U= 10sin 40
y = US40 - vertical omponent of velocity = 10540 =gt = 0
v 0 = 065
a - ~—98 : . . )
b verhal oisplac ement = 105in40t -7 gt?
- | 241+ 1.§= 3.6Im

(1) the distance between the ball and the hoop when the ball is vertically above the hoop. [4]

a)i)  horizental componentof U = [0cos40

6= 10cos 10t
t=0-783
(2021536218 +1:5) -2.5 = [-03m

© OCR 2018 H240/03 Turn over
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(b) Calculate the value of U which allows her to hit the hoop. [3]
A T T
i Ucos 40
T — —
. LOUZOA"&“S : s = ) (2% - I‘%,,—' ) )

n o T Vsl. 40 R
— v =
B «a=--93 S

b= 6
U@ 40

T

L = wem4o [ 6 N+ 5(-a8)[ ¢ \1

\ucosto-o / \UcosLt-o /
| -~ Gw4o - 44 [ 3
s &40 \U?'Cosz4-o }
1¥6. & = Gs, 40 — )
0 cos 40 sS40

200.6 = 4. 0345

T
9]

[3

¢ = 74,%'
v = 8.63

../—-—-——— B
(c) How appropriate is this model for predicting the path of the ball when it is thrown by the girl?

- - [1]

!C. ) N& V€N3 a,ﬂ)roloia.\‘e Since i+ d oes noL *a.\?e Qir

) ii tesishace inbo MCOUI’\' (J\-»-‘(,“ will slow the Lah

i _,,,Aoun o

(d) Suggest one improvement that might be made to this model. [1]
,.i‘, - — - - N S — — S — —— .

| (‘1) — ﬂorj el JLLc - L@L‘Q . ,,0_43‘,,‘&3; & ol wr resistance

|

© OCR 2018
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13 Particle 4, of mass m kg, lies on the plane I7; inclined at an angle of tan™' 3 to the horizontal.

Particle B, of 4m kg, lies on the plane /7> inclined at an angle of tan™" 3 to the horizontal.

The particles are attached to the ends of a light inextensible string which passes over a smooth
pulley at P.
The coefficient of friction between particle 4 and 771 is  and plane /72 is smooth.

Particle 4 is initially held at rest such that the string is taut and lies in a line of greatest slope of each
plane.

This is shown on the diagram below.

4m kg

mkg

7
(a) Show that when 4 is released it accelerates towards the pulley at fm s 2. [6]

-2

Kesdve A pecpend o o the plane - Ra = Macos O
. Ra

— S— o

W)
>
Kt
|5

© OCR 2018
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l - —
Fa - 5RaA = 3 x 22 = 4

AﬁeuLve__A_Mpar;U;_}o_ Hoe_f)hnﬁﬂ vse F = o -

T-  lwg - mf)xg“@’-ma

1S
T - 4—0_-»% ~ gy = o
1S S
T = 1201? = o @
- IS
jﬂo\lf(—i I B

Mha

© OCR 2018



PhysicsAndMathsTutor.com

20

(b) Assuming that 4 does not reach the pulley, show that it has moved a distance of + m when its

S -
speed is,/—=m s . 2
p ,/30 2]

b) s == .
o = O B vi= o+ las
v C jé 1 = O+ ¢ (15 \s
0 2 3o IS
I B
zg = \4q s
B - 30 19
B L S= 0.28% »m
S —_

14 A uniform ladder 4B of mass 35 kg and length 7 m rests with its end 4 on rough horizontal ground
and its end B against a rough vertical wall.
The ladder is inclined at an angle of 45° to the horizontal.

A man of mass 70 kg is standing on the ladder at a point C, which is x metres from A.
The coefficient of friction between the ladder and the wall is

and the coefficient of friction
between the ladder and the ground is 1.

The system is in limiting equilibrium.

Find x. [8]

© OCR 2018
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R(=>): F - R
_ ER: - R,
RU R. -+ 'Fu = 703 + 350\\]
R: + %R = 108,
R. + 5 (4R ) = |08,
) TR - 108,
Rz "]O%
o R, = 4S54
i F. =~ % x 45,
. - 1%,
F. - 5 X 90%
= 4—5%

OA . \‘}Oqusll-s + 3'5 3'50,&:54-5 = Fx I?s,,‘i-g"* 7-x t s 45

7‘Oq)c i;os""g + 12¢. raq(,ns 45 - ?IS?\,S’\‘P—S -+ '054:\5».4-‘3
3 ) ?O)ccos 45 -

3155,,4-5 +~ J0%s. 48 - 122%cos 48

x = TN s 45 +« 1055 48 — 12095 o5 4%
- - o 70 cos 45
x = 4 285
END OF QUESTION PAPER
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