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2

Formulae
A Level Mathematics A (H240)

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

Geometric series

g :a(l—r)

n 1—r

S ZIL for |r| < 1
oo —r

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

where "C = C = [Z] =_n

r n r

n(n—1) 2+m+n(n—1)...(n—r+l)

(14+x)"=1+nx+ T pr xX'+... (xI<1,neR)
Differentiation
f(x) f'(x)
tan kx kseckx
secx secxtanx
cotx —coseczx
cosecx —cosecxcotx
RN TR
- _u @Y de “dx
Quotient rule y = Ve 7

Differentiation from first principles
f(x+h) —f(x)

£'(x) = Jim———
Integration

w = In|t(x c
Jf@ dx = In|f(x)|+

Jf’(x)(f(x))n dr =1 ()" e

. dv . | du
Integration by parts Jua dx = uv Jvdx dx

Small angle approximations

. 1 . . .
sinf =~ 6, cosf =~ 1 — 592, tan® ~ 6 where 6 is measured in radians
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3
Trigonometric identities
sin(4 + B) = sind cos B+ cos A sin B
cos(4+B) = cosAcos BFsindsinB
_ tan4 ttanB 1
tan(4+B) = 1 FtanAtan B <AiB # (k+ 2)ﬂ>

Numerical methods

Trapezium rule: Lbydx =~ %h{(yo +y)+2(y, +y,+...+y,_ )}, where h = b=

f(x
The Newton-Raphson iteration for solving f(x) = 0: X, =X, = f’( (Xn>)
Probability
P(4UB) = P(4)+P(B)—P(4NB)
P(ANB
P(ANB)=P(4)P(B|4)=P(B)P(4|B) or P(4|B)= (P(B) )

Standard deviation
3 —x) _ X Zf(x—?c>2 _Jzs _ =2
P = X or SF = S7 X

The binomial distribution

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

Hypothesis test for the mean of a normal distribution
X—u
o/vn

2
If X~ N(y,0?) then X ~ N[ﬂ,"—] and N(0,1)
n

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.

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 2326 2576

2.807

3.090

3.291

Kinematics

Motion in a straight line

v=u-+tat v=u-+at
s = ut+1at’ s =ur+jar’
s = %(u+v)t S = %(u+v)t

2 2
v =u"+2as

12 — vi— Las?
s =Vt 2at S =Vt 2at

© OCR 2019 H240/01 Jun19
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Answer all the questions.
1 In this question you must show detailed reasoning.

Solve the inequality 10x* +x—2 > 0. [4]

o - _e\(2x#l
Fqc{—ons.nﬂ ox*¢x-2 = bx e)(2x41)

(gy -2) C2etl) >° | .
The roots of €he equabion o7,

@x-?—) Clx “") =0

xr=2_ z =2
s

=
,r-
/\
{ 5
-
> K
abeve Ehe valves of X chqt

S From the diagram |
Sakisty khe iaequality are¢,

~ 1 d x>yz
2, £ i Qan -
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2 The point 4 is such that the magnitude of OA is 8 and the direction of OA is 240°.

(a) (i) Show the point 4 on the axes provided in the Printed Answer Booklet.

(ii) Find the position vector of point 4.
Give your answer in terms of i and j.

The point B has position vector 6i.
(b) Find the exact area of triangle 4OB.
The point C is such that O4ABC is a parallelogram.

(¢) Find the position vector of C.
Give your answer in terms of i and j.

. e
ai)

AV

L %

\ I: g! ‘nj T o\u\ok [3 C.OM_POV\QW&S

W

X = Q(ogco =
Y = g SIn60 = 35% - 43

> - - "("er

1]

[3]

2]

2]
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b) 4
|‘ z I 4 ->
-G A
A
%

o) _L r LY .cu'nC"T°f5°)
T

. 1243 vaiks®
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3 The function f s defined by f(x) = (x—3)* — 17 for x > k, where k is a constant.

(a) Given that ™! (x) exists, state the least possible value of . 1]

(b) Evaluate ff(5). 2]

(¢) Solve the equation f(x) = x. [3]

(d) Explain why your solution to part (c) is also the solution to the equation f(x) = f - (x). 1]
Q) x-3 =0 =2 RN

i 213 > -3
b) §(8) = (s-3)°-1r D (1R 1

2 -1% \'s wok \na AR domoCnn o
So f£(-13) ie f{CS) Con nok be defimed:

) cx-3) -+=%¢ -

2" -Cx b 13 =%
r*_6x ¥ =%
x_Fr -9 ="

4 - "I | | (o]
G- 8) Cxetl) =2 x=% %‘f«fﬁ':\t
Soln: ags
X332

P N 1
d) _FC‘L\ un .F—‘Ci) ave "e_{.lec_&oy\s b“lj‘
on £he Lne =% ) S° € poiat of nkere che =

Musk be on Lhe UAR WY=X -
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4  Sam starts a job with an annual salary of £16000. It is promised that the salary will go up by the
same amount every year. In the second year Sam is paid £17200.

(a) Find Sam’s salary in the tenth year. [2]
(b) Find the number of complete years needed for Sam’s total salary to first exceed £500000. [4]

(¢) Comment on how realistic this model may be in the long term. 1]

a~ \6,000
A: 2600 Q\?‘lzoo—lL’Oeo)

Up = | 6,90d +206(1o-1)

= &"Lé|°°°

b) S,.S soo.c00

oolboo

A [ZUL,obo) 41200 (a-1)] >S
A

.’L[gz‘oooﬂloo,\-lzoo] 3§00,000
2

'\\:30.3‘3‘5‘\-\200—3 S (000,000
Lt 30,800n- ], 000, o0 >

n= 1% &, (or -y )
n =19

|2LO00O0n

c.) Uwreadaskac - as Sam unl;kelj to S¥Q\\1 In
the CamP role +hat long -
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5 A curve has equation x° —3x*y+y*+1 = 0.

dy  6xy—3x?
a) Show that — = .
(@) dx  2y— 3x°

(b) Find the equation of the normal to the curve at the point (1, 2).
@) QS'MS "MP“‘*" OL'..HQ"EV\EJC\EA'D.«',
1 _ gt dy —6x4 +2ydy =0 -
dy= 32t -3 g 03 H R
- _3x*
s ~3xt

Goa-3%x" as cecLui/ec‘ :

d Ly~ 3t
b) é-:\\ (=300 - a9
dz ’§={ 2c2)- »en”

4]
[4]
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6 Let f(x) = 2x +3x. Use differentiation from first principles to show that f’(x) = 6x* +3. [6]

(z+h)® =234 325h 4 3zhE b’

fxth) -£(x) -
(2 Cxrh )y 2catb)]- Taz? £32]

(2¢e3+32 h ¢kt b%) €32 $3n] —2x3-3x

2 3 2 /3 2.7 .
243 4 bath4brh ¢ LW LI 43] _2x%-3L

5 6eth xbxh 4 Zh® 43l

‘FC’U‘L‘) - {-C"-) - G=xth 4 bx hF 123430

I h
S K(6xt +bx hi 2h +3) o g%+ Gl t2h+3
Y BUT §'(x) is when
h-> D

—(—\.CI) :.étz-(—éictﬂ* 2(0) + 5
2 6443 as reqviRd:
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7 In this question you must show detailed reasoning.

A sequence u, i, U, ... is defined by u, = 25x0.6".

¥ %3
oo N
Use an algebraic method to find the smallest value of N such that Z u — Z u, < 1074, [8]
n=1 n=1
q -~ l s Since summations start at n=1, so the progression formula is adjusted
r 206
Cop ™ m 12N
S\)M &O \V\-Q\A\'Ei SU ’f‘b ~
s - 1.y IsCl-0o-€ )
- — —
‘ P o“ L l - o ¢ ‘

= 15 Cl—o-é")
Z

-4
1 1S QLi-o06") ¢ 1°

-z

(A py -y
15060
L
N
i ) . !
5 o6" Lo e = ° ¢ < 375000

18

N D> \oﬁC‘/ﬂS,oeb) ) N>2SIes -
lOSLO- ¢)

hen(e N :.2.6
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8 A cylindrical tank is initially full of water. There is a small hole at the base of the tank out of which

the water leaks.

The height of water in the tank is xm at time ¢ seconds. The rate of change of the height of water
may be modelled by the assumption that it is proportional to the square root of the height of water.

When ¢ =100, x = 0.64 and, at this instant, the height is decreasing at a rate of 0.0032 ms~.

(2) Show that % ——0.004+x.

(b) Find an expression for x in terms of 7.

2]
[4]

(¢) Hence determine at what time, according to this model, the tank will be empty.

_o 0031 = ko &Y
L: ,0'031 ,

Jo¢y

dﬁ ~-0 OOLl-\rZ

dt as ,e‘ztnlﬁol‘

b?% J(_o.mq gt

S:L"” dt - fowo?d*

“/L __O'OO(‘re‘rc
x _ °

s t+C
Z_x‘/z. ;_0-00?

£ . _p.oo2t+C

Whw o< D‘é"l’tz,bo
1/2_

b.eq.) _-0-0D2(l02)tC
¢ =\

x‘/z - -0 DOL‘&"_)

(C-) L =

(= O ooZC
bagoo.c
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9 (a) Express 3cos3x+7sin3x in the form Rcos(3x—a), where R > 0 and 0 < o < %ﬂ 13]

(b) Give full details of a sequence of three transformations needed to transform the curve y = cosx

to the curve y = 3 cos3x+ 7sin3x.

[4]

(¢) Determine the greatest value of 3 cos3x+7sin3x as x varies and give the smallest positive

value of x for which it occurs.

2]

(d) Determine the least value of 3 cos3x+ 7sin3x as x varies and give the smallest positive value

of x for which it occurs.

9) //_\2—

i
gF - 4543
et = sd
2= 5§
3. A=
-EQMO(—_%
. (&9 cos (G- U1 F)

b)aStretch in che
direckiom by

3 Trars [abiom 1+ ELE
k- die&o™ by 11}
> Skreld. n chex
direckion by Sf /3

[ 17

2]

jeatest valv @

¢) The o

cos can €ak®
. £he jrﬂaéeﬁ' L
- &1

o Lcurs har

[ve

d) The (east val_'/Pl
(oS Caw Eake s~
. the Rast valve
- - I8
“rhns occy 15 WEQ"
gf,/l"l"?": n
L = T+ )Y ¥

‘—/

S
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6 rad
0 6cm B

The diagram shows a sector AOB of a circle with centre O and radius 6 cm.
The angle AOB is 0 radians.
The area of the segment bounded by the chord AB and the arc AB is 7.2cm®.

(@)
(b)
(©)

(d)

)

Show that 6 = 0.4 +5sin6. [3]
Let F(6) = 0.4 +5sin6.

By considering the value of F'(60) where 6 = 1.2, explain why using an iterative method based
on the equation in part (a) will converge to the root, assuming that 1.2 is sufficiently close to
the root. 2]

Use the iterative formula 6 _ |
correct to 4 significant figures.
You should show the result of each iteration. [3]

= 0.4+sin6 with a starting value of 1.2 to find the value of 6

Use a change of sign method to show that the value of 6 found in part (¢) is correct to 4
significant figures. [3]

3 Area of seckor

2

lr'e = Ji*ézfe' =13 14

Aren of e "“"ﬂ__le

Labsing : L qbrbrsin® =8940
L Z

D lg(e— - 91../19) :‘}'_7:

l%*l?%ﬂg‘-q"z =3 | g

(

G-91% = 0% ) ooy tGns as reZul}Qd-
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p) F' () = (05C1Y)

[F'e)] €1 - ikeration Wil VYOS

C) o =0t4 9;/\9,,
ntl

i\:_l— . . -

g = olUtQn® = 0¥ +9n (1r2) = 1-3320

2

n=L -
0 7 0 t5nfy = o't HRn (133207 ) < 137

S5 L3g02, V381, .2g2L, V- 3813

5 @=138L (sf)
d) Upper bovnd = (-382F
Lowe? bound = 113615
g(l-}gzg): ~ 6000637
{Ll-??lﬁ'): 0600135
S5 The Cb\anj€ A Qav\ in Ehe mbevval
IS LO £(-3925 |k Shows vs B=/S82

éO L(-S("
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v

The diagram shows part of the curve y = In(x—4).
(a) Use integration by parts to show that J’ln (x—4)dx = (x—4)In|x—4|—x+c. [5]
(b) State the equation of the vertical asymptote to the curve y = In(x—4). [1]

(¢) Find the total area enclosed by the curve y = In(x—4), the x-axis and the lines x = 4.5 and

x = 7. Give your answer in the form aln3+bIn2+c¢ where a, b and ¢ are constants to be
found. [4]

) (|- ln(e-4) dZ -

T V=X
-4

In{eﬂ!qé/{ow élpqrﬁs ,s—ﬁ-nmulq.
YV -j\/ n' Az

<
()
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£ Inlz 4] - fZ—- dr -

zZ-Y

X, = A+ B
x4 L-Y4
Ao -4 )t+B = X
x- % x-
Alc-)+B =%
et x =% ot =0
. e, —yA+8 =0
4= 6 gut B=
—y A+ =0
Az )




'.:)l-l-Ll"
x -4 .

Z Inlz= _J) f 4 d=

£ -4

Dglnlx-%) -~ 2 vulnl-¢)4C

@""’Hvx\x—lf) —x +C as rfzuifﬁd :
b) LY

5
<) qu’V\()c' Lf) Oli/ e }r\[x —‘-{) dx
5 ¥

(G ) lalz 4 L

¥
¢S
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12 A curve has equation y = a3x2, where a is a constant greater than 1.
d
(a) Show that ay = 6xa>* Ina. [3]
(b) The tangent at the point (1, a’) passes through the point (%, 0).

Find the value of a, giving your answer in an exact form. (4]

o .
(¢) By considering —J; show that the curve is convex for all values of x. [5]
dx

o) b 3x° =V "’;4{-‘47'
v

<

()
S
£y
N
<
TN
=

) 0

6\3
W
H R
S

B>)

' 8
2y
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30)°

b)—O—’;’- - 6U) qa I 4

dt\iﬂ :éag IVIﬁ\'

3_q;: gﬁghﬂ Ct’l)

_ 60\3/\«0! X ,éq;/nﬁ t
J = R passes
)

6=a - 3a he
n-a (1-3na)
aZ;D q=0
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O dy=bra 72 Lk gq=e’
d

y
2z v/ 2
= 67(__e’b lh& . _-_612% xTZL
= Zxe™
d*y -7
dt*

) e”t >0 for all vebves of- % ;$0
3
Qe_x >0
2 y d.ll \/D\IUQS 0("11 30
S x 20
‘-('7613” >/0
2 =

i ﬁj—- >0 for qll. - - the (rve s

d’)'/ o\lwaﬁs convex



