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Formulae
AS Level Mathematics A (H230)

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

!
where "C, = C :(n]_ T

) P -

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

h—0 h

Standard deviation
—\2 —\2
/Z(x—x) _ /sz_)—cz or 3f (x—X) _ A _32
n n >f >f

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

Kinematics

Vv=u+at

s = ut+%at2
1

s=2(u+v)t

v =u’+2as

2
s=vt—3at
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Section A: Pure Mathematics
Answer all the questions

(a) The diagram below shows the graph of

..........................................................................

(i)
of y= —f(x) .

i) The
! 'L}":’Ligrk o 3e 8

v
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Describe fully the transformation which transforms the graph of y=f (x) to the graph

[1]
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(b) The point (2, 3) lies on the graph of y = g(x) .
State the coordinates of its image when y =g(x) is transformed to
i v=4g(x)
W) 9;4 gl  y=a flx)
(1,%) = (1, )

(i) y=g(4x).

[1]

[1]

W) Y= 9\‘!x) 97 £ (ax)
Scale Fackor= 1

wn
\
&1/3) e (./'Z/ 3)
2 In this question you must show detailed reasoning.
Solve the equation 2cos® x =2 —sinx for 0° < x <180°. [5]
1 e - :
= Leostx® 1= smL 5MmML =0 Lsive-| ’/0
os'L st | JhrEsT
(05 1C = 1~ sl
U L= sintx) = 1= sinie
1-Loim'e = 1-5ime
1=1+% 15'1}717(,‘ 1177 D 5in”* (0) =0 Kz=sm ' (7)= %0
Vit . - 20’ or % =|%0° xX= %° oF L7 I5e°
2 L= inic -0
. . - o o
simi (Lo -1) =0 1=0", %0 , 158°,190°
©OCR 2018 H230/02
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The number of members of a social networking site is modelled by m =150e* , where m is the
number of members and ¢ is time in weeks after the launch of the site.

(a) State what this model implies about the relationship between m and the rate of change of m.

2]
Q) m=150e"  dm =%0e™® =2
dt
Rate of chquc of the members
over & tertah  vumber oF weeks s
proper Honel to twice the number of
nem bers.

(b) What is the significance of the integer 150 in the model? (1]

b} When t =0 , 190 1s e pumber of
members at the start of the lavnch
For Yhe 9ocial nebwerkin site.

(¢) Find the week in which the model predicts that the number of members first exceeds 60 000.

) m= 50" £> Jn4qoe Bl
7
150e"* > 60,000
> 2.9957322 ...
e** > 4060 € >7

et > o £ =P veks

L must be the third wWeek in
1t> ln400 which +he number olP mewmbers
exceeds Go,o00.

(d) The social networking site only expects to attract 60 000 members.

Suggest how the model could be refined to take account of this. [1]

d) The Yime daken sheuld owby be
restricked Yo > weeks.

(0o st s13)
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-2 2 6
The points 4, B and C have position vectors ( lj’ (5) and (3) respectively.

M is the midpoint of BC.

(a) Find the position vector of the point D such that BC = AD .

“) {f 157 G) 7 )
_,f‘“m ”’k’;)
(-0 (G
(57 (L)

)<—+‘L"l y-1=2-1
= y=-i

”k)

(b) Find the magnitude of AM .
AT Y
)
1
Y - -
SR )
M
/3 Am|=(et+ 3 = Va3
Aes’ - . [

G lﬁl"bﬁ
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A doctors’ surgery starts a campaign to reduce missed appointments.

The number of missed appointments for each of the first five weeks after the start of the campaign
is shown below.

Number of weeks after

the start (x) ! 2 3 4 >
Num_ber of missed 735 149 99 59 38
appointments (y)

This data could be modelled by an equation of the form y = pg* where p and g are constants.

(a) Show that this relationship may be expressed in the form log,, y =mx+c, expressing
m and c¢ in terms of p and/or q. [2]

a) Y = P%L
Login 9= Logiopg”
Log 09 = Logio p + Logi c;f
L09,°9¢ Log,ep + % Log,e 9,
m= L09/o¢7, C= Logio P

The diagram below shows log,, » plotted against x, for the given data.

logio y
A

© OCR 2018 H230/02 Turn over
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(b) Estimate the values of p and g. [3]

b) Draw on graph 5+rqi‘9h+ )i ne
-l-hrough e plo‘l'l‘eol, peints

i

L"j,o? = Lo.g,ap +L Log,.,(),
Y= mx tc

2]

M"Log,oa, C= Lo&lop

Draw o qradient +rio\njlc
bet ween 1 po’in{-j'.

(), 24) L 9,).6)

Loﬂlo(’fz %& = 149-16 = -02
x | -5

LOS o 9 =-01

9= 0°" = 0.3 (3 sF)
1.5 - Loj,,P

p: (01'5 = Bl (39F)

© OCR 2018 H230/02 Turn over
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(c)

Use the model to predict when the number of missed appointments will fall below 20.

Explain why this answer may not be reliable.

(.) When 3 =10 Long(): .20 (35F)

Draw strdaiaht herizental line ot
1.%0. No. Yof wmissed ap oty twments

will Full below 20 around the 7*h
week.

The wedel {5 neot reliable

becavse we are assuming that the
VYDOdel \J(“ halcl, ’m,e, over a ]vn9
PcviOcL of Yime.

2]

(a) A student suggests that, for any prime number between 20 and 40, when its digits are
squared and then added, the sum is an odd number.

For example, 23 has digits 2 and 3 which gives 2* +3* =13, which is odd.

Show by counter example that this suggestion is false.

[2]
a 9 27+ 9V = 44 91235 (odd)

1 YV HIY S 941 210 (even)
This is +the disproof counfer’eXamﬂe

(b) Prove that the sum of the squares of any three consecutive positive integers cannot be
divided by 3.

3]
b n, ntl, ne

nl 4 \yu.nl t+h+ 2)1

nt + Welne ) + (elney)

Nt 0Vl #H F pUF W R, 4

= Ynttonts = dnlnt) #5

Y+ +S has « remainder of 5 -- Cannot be divided 53 L

© OCR 2018 H230/02
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7

Differentiate f(x)=x" from first principles.

7 Flxl= 9t F'l) =4
frla) = (xth)? -4 h -0
h

= (e )’ - 1
h
= (x* rdith L pieh #h?) -2
h

= (o) o)t - xf -
h

! +4%h4lh® £49h’ + h? -4

h
lim A h +61* h v +9ah® +h4
h-te h -
= lim 490 + bxth +49cht +1?
h-to
- l,.x}

© OCR 2018 H230/02
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A curve has equation y e where k is a constant.

The point P on the curve has x-coordinate 4.

The normal to the curve at P is parallel to the line 2x+3y =0 and meets the x-axis at the point Q.
The line PQ is the radius of a circle centre P.

Show that k = %

Find the equation of the circle. [10]
9
8 Plq,9k) g= kla)”
- = 3k
1ty =0
17‘7 z -1l
y="% >

Gradient of normal ot P=’%
Gradiewt of +avyew+ at P= 7
b4
y= K
%f‘ 4’/1, Ity
’;/’L.—. %kx,‘/"
= k-)(:/‘l. A")’ D/ x=4
/
1= 1< (4)"
k="
PC4, 4) 4
J™ Y szmh‘_m Bope®~ 55
y-42-7 [x-4)
y-1= "Bt 4
35'%}7& i-—%

A
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Whm v'«D
0==-"3xt 195

Vs s 25
K=10

QA (lo, 0)
G

i (ﬁ,N:i 4

Q (o, 2]
a2 HTT - I 5 U
(K'u)l*ky-bl)-‘-rl
(w, b] 15 Centre of cintls

(x-4)" +ly-4)*= (1/m)"
Le-4)" *'((7—4)1’ 5%

© OCR 2018 H230/02 Turn over



PhysicsAndMathsTutor.com

13

Section B: Mechanics
Answer all the questions

The diagram below shows the velocity-time graph of a car moving along a straight road,
where v m s™! is the velocity of the car at time ¢ s after it passes through the point 4.

P

(a) Calculate the acceleration of the car at . [2]

@ =4 _ =.42
3-5 >

aceleration at Ez6 15 -V mit

(b) Jasmit says “The distance travelled by the car during the first 20 seconds of the car’s motion
is more than five times its displacement from A4 after the first 20 seconds of the car’s motion”.

Give evidence to support Jasmit’s statement. [3]

b distance = speed ¥ time
distapce = [5%4) + (xyxq) + (Yaxqxy) +(Yyx 9x3)
= LtL' M

di splacement = (5%4) HAx0) ~ (Vi x4x3) - (%x9x3)
= %m

49 > 9% %

© OCR 2018 H230/02 Turn over
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10 A student is attempting to model the flight of a boomerang.

She throws the boomerang from a fixed point O and catches it when it returns to O.

She suggests the model for the displacement, s metres, after ¢ seconds is given by

s=9"-3¢,0<¢<6.

For this model,

(a) determine what happens at =6,

) t=06
5= 900 - AL = O

When ¥=6 , +his is the pont at whids
the stvdmt catdes the Boomcrang.
(b)  find the greatest displacement of the boomerang from O,
b) When  v=0
s=qL - A

b=y 1ge-Rt

Q =3k- At
O = &l-%k+9)
£=9 18=% ¢
£=4
Y
When £24 5= 9(4)- % 14) =48m
() find the velocity of the boomerang 1 second before the student catches it,

&) v=1%t-%+t" wha t=5

V=1819)- % (5) =-~20.5 ms™

© OCR 2018 H230/02
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(d) find the acceleration of the boomerang 1 second before the student catches 2]
it.

d) v=18% -7t
%:’W' 9t = when t=5
a=1%-9(5)= -27ms?

11  In this question the unit vectors i and j are in the directions east and north respectively.

Distance is measured in metres and time in seconds.

A ship of mass 100 000 kg is being towed by two tug boats.
o  The cables attaching each tug to the ship are horizontal.

e One tug produces a force of (350i+400j)N.
e The other tug produces a force of (250i—400j)N.

e  The total resistance to motion is 200 N.
e At the instant when the tugs begin to tow the ship, it is moving east at a speed of 1.5 m s™.

(a)  Explain why the ship continues to move directly east. 2]
o) Resuant Forces in direction

50+ 150-100 = 400N (East)

Resu hant Farces tn 5 direchion

400- 400 = 0N

There 15 0 resultant Force a.cvlinj in
the 5 direction 90 neither of “Me
tug boots are moving North or South.
Therefore oveyroll resyltant Foree dits
goon due egot

(b) Find the acceleration of the ship. [2]
b F=mu
400 = 10000 D o

a=0.009 ms-t

© OCR 2018 H230/02
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(¢) Find the time which the ship takes to move 400 m while it is being [6]
towed. Find its speed after moving that distance.
) 5 =400
v=15 9= ut tY att
X 400 = 1.5t +0.907t"
0.009
Q.

\)

[

\V/
G
+

W

0.-00U+" +1.5t - 400 =O

JSe %Uadra{-{c (C),UQ;HOV)
t=209; £=-~959sX

vo 1 V1:U7'+2,a5
v =1.5%+ U0.004)(400)

v 79495

V=2%5my!
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