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Formulae
A Level Mathematics A (H240)

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

Geometric series
_a(l-r")
l-r

S,

n

S, =4 for lr|<1
1=r

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

|
where "C_= C =[ﬂ]= s

r nor

rl orln=r)!
(1+x)" =1+ m+Mx2 + ...+ n(n-D)...(n-r +l}x" + ... (|x[<_:l, ;IER)
2! !
Differentiation
f(x) f'(x)
tan kx ksec® kx
secx secxtanx
cotx —cosec” x
cosec x —gosecxcotx
du £ dv
13—_ —
Quotient rule y =2, b _ M
\ v

Differentiation from first principles
F(x) = lim flx+h)-1f(x)
h—=0 h

Integration
) g In|f(x)|+¢
f(x)

i " l n+l
If{x)(f{x)) de=——(f(0)"" +

du

dv
Integration by parts —dy=u —I’ dx
g y p udx v ldx

Small angle approximations
sinf =g, cosd =1- %Qz,tan g =~ @ where @ is measured in radians
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Trigonometric identities

sin(A4+ B)=sin Acos B+cos Asin B

cos(A+ B)=cos Acos BFsin Asin B
tan 4 +tan B

tan(4+B)=———— A+B#(k+Hr
( ) I¥tan Atan B ( ( ‘])

Numerical methods

Trapezium rule: jhyd.x:]ih{(yﬂ +3,)+23, 4y, + ..+, )}, where h= b-a
! n

The Newton-Raphson iteration for solving fix)=0: x,, =x, - fff(x,a])
x.l’l

Probability

P{ Au B] = P(A] + P(B) - p{A A B)

P(AnB)=P(4)P(B|4)=P(B)P(4|B) or P(4|B)= P{;;f]

Standard deviation

,z(x—f)2 _ ’}_'xz_f: o 5 (x-%) _ 2
n n xf xf

The binomial distribution

I[f X ~B(n, p)then P(X =x)= [HJ p(1=p)" ", mean of X 1s np, variance of X'1s np(1 —p)
X

Hypothesis test for the mean of a normal distribution

If X~N(, 6°)then )?~N[,u, E]and XK N©,1)
n

G‘f\f’;

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.

pl 0.75 0.90 0.95 0.975 0.99 0.995 | 0.9975 0.999  0.9995

z| 0674 1282 1.645 | 1960 2326 2576 | 2.807 3.090  3.291

Kinematics
Motion in a straight line Motion in two dimensions
v=u+at V=u+at
s=ut+iar’ s=ur+lar’
1 y — l i
s=x(u+v)t s=5(u+v)t
v: =u’ +2as
— | Ry _ 1 gl
s =vi—tat §=vi—Jat

© 0CR 2018 H240/01 Turn over
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Answer all the questions

Solve the simultaneous equations.

x*+8x+y" =84
[4]
x—y =10

Sg\; @ l‘n\'ﬁ CD ¥

T

x4 8k 4+ (x-10) - R4
5" o Bk o x° = 20 + IOO____"
2x'=12x+ 1§ = O

oC
+

S -6+8-0
(x - 4)(x-2)=-0 o

e = 2 e x4 ) o
W x-7 = 2-10--8
A w06
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The points A, B and C have positien vectors 3i—4j+ 2k , —i+ 6k and 7i —4j— 2k respectively.
M is the midpoint of BC.
(a) Show that the magnitude of OM is equal to V7. 2]

Point D is such that BC = AD .
[3]

(b) Show that position vector of the point D is 11i—8j—6k .

7| (j}'; . ",_:(—(%: on ) =
?;_—4—d-2k-'!1-€k)_ e

b) Bc - oC - ©
e ) g- el 4":,._"'_ gk
CBC- A
8, 4y- 8k - AD
8 - 43 -8k - O - OA
'gi. - 4—; - 8‘3 ‘_6}.} - ?i -+ 4-'\ -?_E
~ob- Il: - 8; - 6k o
- R - -
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3 The diagram below shows the graph of y=f(x).

(a) On the diagram in the Printed Answer Booklet, draw the graph of y =f(§x).

(b) On the diagram in the Printed Answer Booklet, draw the graph of y = f(x—2)+1.

(1]

2]
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4  The diagram shows a sector AOB of a circle with centre O and radius » cm.

A B

-

rcm

0

The angle AOB is @ radians. The arc length AB is 15 cm and the area of the sector is 45 cm?.

(a) Find the values of ¥ and & .

(b) Find the area of the segment bounded by the arc AB and the chord AB.

Qo = 'O

90 - t(t@)
90 =t x IS
¢ = 6 ~-

1 S— e—

_Af_ea . !i.'1
_ 4-_'5_’_'1'.'19_
i q0 - K‘@
6~ Is = 258
¢

[4]
131
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|
0

P YT PR TA R

Afﬁ& Q{ Ma_ﬁ < %- i 6; o Fa e -
: s {0 3L
B j%m_t__AEt_Qk_iﬂsbr__Aﬂﬂ—ﬁf}r_
= 4% - 10112
1 - 32.2 o
. —— .

5 In this question you must show detailed reasoning.

¥ =4 giving your answer correct to 3 significant figures.

[4]

Use logarithms to solve the equation 3

| S

! - ¥ m_lew, o,‘\m\gmr

5 3 ~ 4
2x v+ = lom("'m) ey

Zoet = 100log4
2.+ 1 = 126.18¢ o
i 2. s 128.1% S
T x- 6289 ) o
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Prove by contradiction that there is no greatest even positive integer.

31

» ASSut-_:_e, Hnen; | exishs a 3&&*_85‘7 Qven osihve
— Post\nve. in&_ae_f.__.. N. S ) N= 1k
N+ 2 - 2r+2- 2(e«1)
2 v e o
Se N+ > N and Yo e 5o we
. have —--P"’ﬂﬁl-— o wntradihon

in\' e \je_t n
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Business A made a £5000 profit during its first year.

In each subsequent year, the profit increased by £1500 so that the profit was £6500 during the second
year, £8000 during the third year and so on.

Business B made a £5000 profit during its first year.
In each subsequent year, the profit was 90% of the previous year’s profit.

(a) Find an expression for the total profit made by business A during the first n years.
Give your answer in its simplest form. 12]

(b) Find an expression for the total profit made by business B during the first n years.
Give your answer in its simplest form. [3]

(¢) Find how many years it will take for the total profit of business A to reach £385 000. 131

(d) Comment on the profits made by each business in the long term. 2]

1 @) g™ ij‘i_\:__ S A torems aa arithmebic
___ Secies whh a - 5000 ad d- V500

Sum = g‘i (?"‘ = .("'")"_L)__
= % (2(3000) + (~-1)is00) )

_ - n (35000 + 150, - #0)
= n (¥80. « 42%0)

//——___ S R

19_) ﬂm.‘s 13 o
__eadd €= O“

secme\*nc sepes o a = 5000

| Sufh . Gu(l-fn) B
| -
s 5000 (i 5.5 )
- 0.9
som -~ %0000 (1-0.9")

N i
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1) 383000 - 4 (¥50- = 4250) S

 7%0.°+ 42%0. - 13%000= O
(| . ____3_': s il..

- 1540 - O

A+ 1 ) 13 - («)3)-184-0) )
. ex3 bl L
o~ -1t t Juyes 1
- 6
TN ]
6 S —————————————————
I s e | g e 20 o
—3 — ——
L | __Hﬁg-g_ A will baee 70 Yeacs
(’:Lju_&a—gg_ A u.“ (m'h‘oue (:D h&_-ke.
Business 1A lbl‘Ol{'-h each beu ¢ aet  srwller
and. soaller , | a.‘_ . A} I
Al \n.‘eiw nJ; 50 @] s n q'_'h h! Q{ er
( becavse 09" $eads ks zero )
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2tan @

2

(a) Show that
1+tan” @

=sin26.

3]

(b) In this question you must show detailed reasoning.

3]

Solve ﬂ=300329 for0<é<r.
14+ tan~ @

| — em
o) _fh8 . .70
1+ $.'6 N
o ) v

| + a2
i 25&»660.\-6

0s*® =+ s.°0

n ng—é 54 6 -

- _— — ‘ -
- .26 < RAS &
L) 2}a. 6 - Jeos 26 = e A
|+ a0 Seiiivn e ais_n
i = S0 = Jeos 20 i
- h.ZG i ‘3 -
) 26 -t (2)
6 - e (?) e
N - 0625 o 6. 06+ % |
e & - 2.195

P
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The equation x° —x” —5x+10 =0 has exactly one real root « .

(a) Show that the Newton-Raphson iterative formula for finding this root can be written as

2x° —x " —10
X =" _n 3
" 3x, - 2x, -5 Bl

(b) Apply the iterative formula in part (a) with initial value x, = -3 to find x,, x;, x, correct to

4 significant figures. 1]

(c¢) Use a change of sign method to show that & =—2.533 is correct to 4 significant figures.  [3]

(d) Explain why the Newton-Raphson method with initial value x, =—1 would not converge to «.

2]

bhe, F(x)= 3 -2x -5

Xasg = s R X )(_,.‘ - Sx., + lO

._1__ — —
Xons i 214 - Xa ol ‘0
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le) b (-2832%) - (23328 ) - (29228 ) - g (2 %6323) + 10
o - 0.006612%
§(-2$338 ) = (-2.%338) - (-2%938)° - ¥ (-2%335) + \o
= - 0.01210I1}

e (-Lﬂ»a§_q_ indicabes cook . __ ____
__._________H_@JLE-_ LG‘ y 2 5'3} i Cocreck & L s t -
F I B2 I T :

. QA g=l B )
| Y- -
l__ S —

ﬂne- ..J-&oom:mbr o _ﬂae Jffﬁ-t:km ___c.m..LL be zZer

So % ;_s__uf.Je%.-neol _ R
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10 A curve has equation x=(y+5)In(2y-7).

131

(a) Find % in terms of y.

(b) Find the gradient of the curve where it crosses the y-axis. [5]
10n) Tl (5_:_5_).‘2_(33;_7_ ) I
b vz u+% e dy =) S
v d
. - 1
. ve W(29-%) . e dv - o

2
by 2t

- - = —— e ——— — - —

___r—f.l__;t__‘__cl_g___v___r ::lv,‘_. = l,(l‘.,r-—“f') + ’2(;54-'5)
dy 4 4y 24- 1

L) Croses  the \a axis cnen J;"- 0 ;

0-= (L‘}-!-g)ln(za"?')

== (ﬂ'l'g" (@) s ar 1,.(7--3-‘?')1 0
'-&“'5 232 -1 =1
B [ = —oeeeae S 2_'}_:-_8 -
— y > 4
. =
g W L

1 N 5 s ack o Sdbon  Sice o ___3-;;:-:.!-__
'.l' nlb . ,l)_ﬂ.kn r o)
K S the e "‘H—%_ — __35.‘;. o




PhysicsAndMathsTutor.com

L) ded dee ad et

I e we a4 g r M(a-#)x 2(ee¥)
| v d

. bk

i . B R
|  dx a1 .+ 18 o
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11 For all real values of x, the functions f and g are defined by f(x) = x* +8ax+4a” and

g(x)=6x—2a , where q is a positive constant.
(a) Find fg(x).
Determine the range of fg(x) in terms of a.

(b) If fg(2) =144, find the value of a.

(¢) Determine whether the function fg has an inverse

Le) Fylr)~ Fl6x - 20) -

W

(6 - 22) ~ B (6x - 2a)+ 4a°
Wx' - 2bax + 4—11_‘_-[ 4 8ax - g

= 3 ‘1“_'9_1 -
= 36:.1 +* '24'0._1. — 8;;1
- - .{:ni  the rege  we neel *-@4_ He
L haxinum or rinif Ut valve o ia (x)
One u;.ﬁ ':D clo Hm‘.! i i h‘
| Sguare

Y

x-

B 4(q)(_1-+ 6‘1)1 —'2_-&1_)
- 36 ( J{.‘-" %n.)t - z’qﬂ.t)

-3¢ ((xeka)- §a°- %)
<3 ((x=%a)-5Fa>
= B (xv §a) - 124

[4]
3]

2]
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1

Su “-e Minimut  Valve 4 ‘0 (x)

‘r:)(h) 2 -12a"
‘iﬁ(z) . 36(2) + 24 (2)a- 3a°
Mot = |4 +« &8 - o

O = Ba (6- «)

i posihve

s

ke & oo - ta

& ) ﬂue *unc\‘i 0n i
_\Lutge—(_cqgl__ ~cfme s - 120 )

Yoo ‘-("ﬂ ek x valve s

ﬂnerc f""’ No mverse eXis ts

S0 cannol _ejfum_l__ )

-\2d°

2¢€fc

So é’acL Ls
(_a_rr_es{u r.w.fs b
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12 The parametric equations of a curve are given by x=2co0s8 and y=3sin8 for 0<8<27.

(a) Find % in terms of &.

The tangents to the curve at the points P and Q pass through the point (2, 6).
(b) Show that the values of & at the points P and Q satisfy the equation 2sin&+cosé@ =1.

(¢) Find the values of @ at the points P and Q.

12} o) wo Dol 3 2.0

4& '—___'_'_2 sin © d 3cos
d6 B ﬁ

— | - - — —_—

Y P RN P 7 - R 1772 <

} l?) ﬂu: }mofat is @ Shcu'au: L‘ne in Hmz

gofm OJ(

da (x - 2 ) B

.+ +— ™

_ Y N 3.6 = - Tl (x - 2 8)

e

25-'-' 6

23)8 651.1(9 = :'}H-mﬁ* 6cos 8
su @ + ?xusﬁ_ 6(_(059-1- $.16 )

|
— — 3 S

i___ 35 5 -+ ?wa - 6

}Lesc. ~ '\HLLJGS in_ " o [

C 2(8)s6+ 2A2esb - 6 o

B |2_5_'?:_8 + 66 s 6 S . —
2.6 + ws6 = |

Ue ; kqou i|' .___Pmsc_i .- Harout)L _t’_ZJS) So sob

2]

[4]
5]
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t) Sn e C-Jan‘i f:a S_Jve. }L;_e?uuF'o; .

2.6 « 0s6 = |

D e ey ning T o vmle

}Lﬁ %un(.l‘jn fa) e

76,06 + c0s6 = Run (0 + o« )

2.0 + cos O = RsnOcosa ~+ Rs.u._g“zmsg

2 - Resa - R "
T Rad - — S
Reas« ¢ N )
T bas 3 = as Q41§ -
7

3o S of = |

5%
R 1 =8
Sin ik s—

B 75,0 + (nse = -Tés»..(9+ 04636) -
| = s (6« 0.4626)
s. (O + 04626) ~ 1

N[

0 + 04636 ~ si- _(

O + 0‘1-636 = 04—6’36
___9_= o

- |
CN——
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0. -0 & e sdoben . bt  Mee

e ’ here 33 ._MQHHU

5 = .ﬁs-‘«.fbot.) “?.‘ )

voex /0. ©-046¢- 0 4636

o [*‘*AO/ e 2214

G te ke Soohons are 0 ad _2 214



PhysicsAndMathsTutor.com

13 In this question you must show detailed reasoning.

Find the exact values of the x-coordinates of the stationary points of the curve x° + y* =3xy+35.

191

) ISP, P

o D_iﬂemnhﬂu“c_ _rp-?\;r.aha_ g .

B By~ Tl B
dx dx

A ey b Ao

e 3 (0 = %le 7, —
3x >

—
A .

3y
]
Y

Sk M b e eyl epude kgl o
) _G_?na.hm i Yecons of e

¢

¥ w () = Bw () = 3K | -

=) 2 =

_______J_Ci_' -J5 _or_ “_?f-? i _ B R
. x = -'J8 x = 1ﬁ e
m‘?.-r_——— .
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John wants to encourage more birds to come into the park near his house.

Each day, starting on day 1, he puts bird food out and then observes the birds for one hour. He
records the maximum number of birds that he observes at any given moment in the park each day.

He believes that his observations may be modelled by the following differential equation, where n is
the maximum number of birds that he observed at any given moment on day ¢.

L. [1—iJ
dr 50

(a) Show that the general solution to the differential equation can be written in the form

n= % , Where 4 is an arbitrary positive constant. [9]

(b) Using his model, determine the maximum number of birds that John would expect to observe

at any given moment in the long term. 1]
(¢) Write down one possible refinement of this model. 1]
(d) Write down one way in which John’s model is not appropriate. 1

END OF QUESTION PAPER

>
[
1}
G
>
=
|
]:n
L

0o L6 & [

i
¢
I =
4
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ln(ﬂ)"’lﬂ(so"ﬂ) s 0.|t + C'

. [ n l‘—OJL*-C.

\So-,. /

- 0lt + ¢
e

SO“"n

= _ ACO-H

50 -4

n = SC?A(;'Ik = Ao

n(\+ Aeo.nk ) - '&)Aeo"t

g Serc.ll:

\ & Aeo.ll-

n -~ 50A

e—o. & s A

il
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_Sn n_= S0A - S0A s 5_0__
e—-olk 3 A O+A

= jnLL_c.de_ng} b see “ biede  in Yoo

) Ody o ibeqer values gor ¢

d) The model B Coabavous  aok  disceebe.






