PhysicsAndMathsTutor.com

O( R Accredited

Oxford Cambridge and RSA

AS Level Mathematics B (MEI)
H630/01 Pure Mathematics and Mechanics
Sample Question Paper - Version 2

Date — Morning/Afternoon Mlodel Solutions
Time allowed: 1 hour 30 minutes

-

You must have:
* Printed Answer Booklet

You may use:
* a scientific or graphical calculator

AR

INSTRUCTIONS

» Use black ink. HB pencil may be used for graphs and diagrams only.

»  Complete the boxes provided on the Printed Answer Booklet with your name, centre number
and candidate number.

* Answer all the questions.

* Write your answer to each question in the space provided in the Printed Answer
Booklet. Additional paper may be used if necessary but you must clearly show your candidate
number, centre number and question number(s).

* Do not write in the bar codes.

* You are permitted to use a scientific or graphical calculator in this paper.

» Final answers should be given to a degree of accuracy appropriate to the context.

« The acceleration due to gravity is denoted by gms. Unless otherwise instructed, when a
numerical value is needed, use g = 9.8.

INFORMATION

* The total number of marks for this paper is 70.

* The marks for each question are shown in brackets [ 1.

* You are advised that an answer may receive no marks unless you show sufficient detail of the
working to indicate that a correct method is used. You should communicate your method with
correct reasoning.

* The Printed Answer Booklet consists of 12 pages. The Question Paper consists of 8 pages.

© OCR 2018 H630/01 Turn over
603/0991/X B10028/5.2



PhysicsAndMathsTutor.com

2
Formulae AS Level Mathematics B (MEI) (H630)

Binomial series
(a+b)' =a"+"C, a"'b+"C, a" b’ + ... +"C, a" b+ ... +b" (neN),
|
where "C, = ,C, = o
r) ri(n—-r)!

(l-l-x)" =1+nx+n(n—'_1)x2+ . +7’l(l’l—1)...(7’l—l"+l)x,+ .

' (|x|<1, neR)
r!

Differentiation from first principles
£'(x) = lim e+ —f(x)

h—0 h
Sample variance

(Xx)
Sz:LSxxWheregmzz(xi_)—c)zzzxg_ =3 i
n

n—1
Standard deviation, s =+/variance

The binomial distribution
If X~B(n, p)thenP(X =r)="C_p'q"" where g=1-p
Mean of X is np

Kinematics

Motion in a straight line
v=u-+at

s=ut+Lat’
1

S—E(u+v)t

v =u® +2as

2
s=vt—3at
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3

Answer all the questions

3
2x°y) x4x*y°
1 Simplify ( y) m o . [2]
2xy
(3 23 35 €3 EIR 5 3 3

I.b) L 8 l!ls = g)(.ﬁ R 11X Y = 3aAx Y = |6X.

23y Axy® Az y*
2 Find the coefficient of x* in the binomial expansion of (x - 3)5 . [3]

We do the binomiel ex pansicn [lv He x" tewm :

Ox"x - 3= -16%"

u

(?) X' (-3)

5 x' Cefficient is - 15,

—
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Fig. 3 shows a particle of weight 8 N on a rough horizontal table.
The particle is being pulled by a horizontal force of 10 N.
It remains at rest in equilibrium.

10N
table
&N

Fig. 3

(a) What information given in the question, tells you that the forces shown in Fig. 3 cannot be
the only forces acting on the particle? 1]

We owe teld thet the fovkicle > ob rest in
equilibriun , and WL Know Hrob the fores in HL diagrm
doe net oadd do tero, Hhus thew, must be  other

&rce.s [)re.serab which o not Shown-

(b) The only other forces acting on the particle are due to the particle being on the table.
State the types of these forces and their magnitudes. [2]

* A s lON (h the e Fb) of horieontak ‘-\e-tz and Hhis
will I, “Matched. bb lon of Sric.\-(cn bo e \"»'ah}:.
" Ahen wil ko o Nomal reachion ‘\on;e, Coming  from the

{a.blz Which  will be TN L\puurel.is.
13N

10N < > 10N
table
8N
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(a) Express x* +4x+7 in the form (x+b)* +c. [2]
Nere , We Wwont fo Compltk. e Sqau:ut.

(S
X +hx+? .
. . zl&ﬂv(_
i2a

: .'1' "
d=r (X+a)-h+?

T 2t
= (x+a) +3 = (x+b)*+c with b=2 ond c:3.

(b) Explain why the minimum point on the curve y =(x +b)2 +c¢ occurs whenx=-b. [1]

Are  Minimum Poin/c is X:-b becauw :
*
* (li' 5) %0 ?cv all  x,b,which means +hat
T
the minimum poink  Will  Occar  Wwhen (x+b) =0
*

=9 (I,i-b) = Q0 =) Ii-b = 0 =9 X= -b os l'!qu'-n-d.‘
Particle P moves on a straight line that contains the point O.
At time ¢ seconds the displacement of P from O is s metres, wheres = ¢ —3t” +3 .

(a) Determine the times when the particle has zero velocity. [3]

Vedocily @n e S:)wu-,l. b«‘.) do‘mnniiu}ina displacement .
3 a .
S= £ -3+3 =5 V= ds = 3 -6t
olt
Aen we Set dS =v=o02=) Bt-Gtzo = 3t(t-3) =o
de

=D t=0 and t=Q SecondS
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(b) Find the distances of P from O at the times when it has zero velocity. 2]
3 ..
Recath thak S= t'-3t°s3
‘fv t=0o =) §=3m
— 3 neaﬂ'kw
a .
“Foe 122 > S=(0)7-3(2)+ 3= I-RN+3 =-1m Z‘i?‘acwea
—_ divane. ;5
itl  Im.
=) distnes for  £=0 ond t=3 we Bm and Im respcteedy.
——— -—
Two points, A and B, have position vectors a=i—3jand b =4i+3j.
The point C lies on the line y =1. The lengths of the line segments AC and BC are equal.
[4]

Determine the position vector of C.

A—Z = C-ao = Qf)-(.lg,) z K;l) then  1AC) = |(k-\)m+16
[’)-('3 = C-b-= (kl)'(g) = | Qt-;) bhen \I?Cl= |(k-h)1-+h

Ane lengths ar equal hence \PTgl - |BCI

2
s (Kk-1)+ 167 (k-b) + 1
=D km-ak-t-h-lG: K-RK+1C + 4
. (N
Ep) K-3K+17= Kk-8k+20

=) GK=5 =) K‘% =) C:(%) ov C=

v)-
[ XY
e
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A car is usually driven along the whole of a 5 km stretch of road at a constant speed of 25 m s
On one occasion, during a period of 50 seconds, the speed of the car is as shown by the speed-time
graph in Fig. 7.

The rest of the 5 km is travelled at 25 m s,

.
>

speed in ms !
\]
9,

—_
(e)

Ry R ——

20

time in s
Fig. 7

How much more time than usual did the journey take on this occasion?
Show your working clearly. [4]

We o Given o JOSecond fRrcd Where the Speed Changes.
e usuok Hme for B Whole  Joumey wil by £ Somm = 2008

Ahen He wxire bime will be §ooo - A | 50 - 300
a5
We can Wok owt A, whoh will & U  distance brmueuded
in e 805 (Rricd, Which Wil b Hhe ara wndev the  Grogh :
=) A= Squor - frapezium = 50x3S - do + 50 « 15 7a5m
d

= Exdro $ime =  Joco-735 + 50- 00 = 2\ SecondS
as
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8 A circle has equation (x —2)* +(y+3)* =25.
(a) Write down

° the radius of the circle,
. the coordinates of the centre of the circle. [2]

* A fodius 5 read off R Cquokion as IR Sguar et

of Mo oonstanb, So in His Case it i3 (A5 = 5 .

° 'ﬁ\% center  will be (2,"3) 0S read fl‘om e equalien
bt we Swap R Sianu.

(b) Find, in exact form, the coordinates of the points of intersection of the circle with the y-axis.

3]

t T
(x-2) + (9+3) = 38 then S& x:=0
=) b+ vy 6«34-9'25 =0
=) '314- 6y -13 =0 ond WL W Quadn»lic gwmda.‘-

0= ll b=G O.N\ cs-la'

> -6tfe-ul)-) = - gralm

b3 &

Y 3= -3+ and 5=-—3-r2.-l

—

) Gordnoks  ow (0.-8+/z) and (0,-3- )
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(¢) Show that the point (1,2) lies outside the circle. 2]

We Stout by Plagging Hhe  Cordincudes indo He equodion of
Cirele (T.‘a)q_e (‘a+5)1+35

=2 (\- a)ﬂ- (@+3) = 26235 => the peint (113) lieS owbwmith

the  circle.

(d) The point P(—1, 1) lies on the circle. Find the equation of the tangent to the circle at P.  [4]

,(w)
We Bt Work oub ihe grstient of o (doHed Line)
= m= 1-C3) = L
-1-2 3
Ahen the grediunk of Hr fangent line b is Mz -5/
M= 3, then W can werk ¥ eguakion of
e ’Yun;ub ling .
=) V-1= _%_(.I-H)
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9 A biologist is investigating the growth of bacteria in a piece of bread.
He believes that the number, N, of bacteria after # hours may be modelled by the relationship

N =Ax 2kt , where 4 and k are constants.

(a) Show that, according to the model, the graph of log,, N against ¢ is a straight line.
Give, in terms of 4 and %,

o the gradient of the line
. the intercept on the vertical axis. (4]

N= Ax '5\“
= l‘%uN : Lo%lo A *ak‘
=) lcauNz (.Ou-. A + (.03‘. a
=) [,05‘°N= LOBWA * kk l'03,°a

ke

9 5 mx o+ c whr Y legeN ond Xt

D oA Ghubet s Klog,d ok T Y nkregh 5 logi A

— ———

The biologist measures the number of bacteria at regular intervals over 22 hours and plots a graph
of log,, N against z. He finds that the graph is approximately a straight line with gradient 0.20.
The line crosses the vertical axis at 2.0.

(b) Find the values of 4 and £. [2]

[%loNz LOBWA“' Kl.os,.at

" log. A7 2.0 ond  Kisg, 3= 0.2

=) A - loq' = IOQ k: O.l = 0.G9133... = 0-66

— —
—

—

\°%|gat
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(¢) Use the model to predict the number of bacteria after 24 hours. 1]

fecal  that N= A:L'RM ond A=z100, k= 0.66 ond t= 2y

0.66x 2h

=) N= Joox 2

= N= 5865¢3¢.30S

N= §53%gooo bo.cleria (3 Sig ‘?'8)
(d) Give areason why the model may not be appropriate for large values of 7. [1]

Ahe Numby of buclevo on MR bread Moy behave differently
%rl lula\, t os e bread will ot b obe e hold an inflnile or

Very la.rﬂm amount  of bocteria.

10 (a) Sketch the graph of y = 1 + a, where a is a positive constant.
X

. State the equations of the horizontal and vertical asymptotes.
. Give the coordinates of any points where the graph crosses the axes. (4]

\

*We wonmk fo Skekch B: =X but we Shift is wp bb o

Wt Wnow 9= % has hovimentol ond Verbicol aBymploles,
ond  them Qﬂ'ynpl'bks have cquokions =0 and X:=O.

* A cuve will cub MR R-oxis ab X - (found by Stiing b=a)

=)

N

N4
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(b) Find the equation of the normal to the curve y = 1 +2 at the point where x =2. [5]
X

= 2*d  ond w difernsticle o get  thak

b
= - ond Subbing in X =2 e = -1 .
% S D %‘Iz 4

L
I‘L

A nemal & ths has 3!’&.&5&0\1‘: - o = _-L_n__

and When x=3.85 5 = (a.573)

A equodion s found. by Y-S/ = h(x-a)

=) Y= hx-1U

—

ov 25- Tx -1

1
& —_—

(¢) Find the coordinates of the point where this normal meets the curve again. [3]

Nomok : 9¥=hx-1l ond Cuwrve be = +2
2

=> hx-1 -1 L2
a x

2z 2
hx-UWx=1+39x =) Bx-Wx-4x-2 =0
2

(S
=) Bx -ISx-2:=0

= Sefstu@ca) = 1513
16 16

xX=q (iam oS aleady ot Hhis ?nm previous  question.

:c=-L%- =2 y-= l-\(-.:;)-_g_ = -6

=) (Coordinoke s ("'/?,-G)
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In this question you must show detailed reasoning.

Determine for what values of k the graphs y =2x” —kx and y=x"—k intersect. [6]

st we Shoutd  equoke Hhese Twe  eguations;
=) Qé-k:x.r- I:t-k

=) ‘I,L_kx_a-k =0 then b~ hac = kt-l-'h %0 Sne we Know
And Soling b k:  K(k-u)%o

=) Kso oad K2h or ihe Values o&‘ K Such thot the two graght infersect.

—
—

A box hangs from a balloon by means of a light inelastic string. The string is always vertical.
The mass of the box is 15 kg.

Catherine initially models the situation by assuming that there is no air resistance to the motion of
the box. Use Catherine’s model to calculate the tension in the string if:

(a) the box is held at rest by the tension in the string, [1]

Mhe box s htd o rst which Mmeans it s et acceterming .
Ahis Means hat e fovues o bolanced and ¥R Jension

Wil B equal fo Jore (downmard) from He mass (F=15x23:1hFEN).

/(hle\ T= '53‘\' ov T=I1Sxq.8= lth

—
—
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(b)  the box is instantaneously at rest and accelerating upwards at 2 m s, [2]

It wefu b ur o  diggmm her :

T,2 13N
A
19 -t
o | T ams Fzmo = 1522 =30N
\I/ T.= 7 +3cN = hT+30 = 17N
43N —
(c) the box is moving downwards at 3 m s™! and accelerating upwards at 2 m s 2. 1]

A fension does not Change , Hhus Tz 37N

Catherine now carries out an experiment to find the magnitude of the air resistance on the box
when it is moving.

At a time when the box is accelerating downwards at 1.5 m s2, she finds that the tension in the
string is 140 N.

(d) Calculate the magnitude of the air resistance at that time.

Give, with a reason, the direction of motion of the box. 5]
\\;FN
air regisionce
‘SJK/S o= 1.5ms™* mg-Ts-R'= ma
15<2.3 = [WIN h? -0 -R = 15x1.5
Qir reyisionce = F= :|5.5

/ —_

A :Ycroe, 15 Negatie Which Means thot it 55 aching in o dewnwants dinchion, and
we  Know air rsilane acts in the  oppsile  direction & Movement . This means  Hhat
W G Gnclde dheb HR boc s Moing  upwans, ond He Magritude of He i

resistfone i IS_._S_N.

—
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END OF QUESTION PAPER
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