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Formulae A Level Mathematics B (MEI) (H640)

Arithmetic series

S, = %n(a+1) = %n{2a+ (n—1)d}

Geometric series
a(1=+")

1—r

S, =

S ZIL for |r| < 1
oo —r

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

r n r

where "C = C :<n>:n—!

n(n—1) 2+m+n(n—1)...(n—r+l)

(14+x)"=1+nx+ T p X+ (x| <1, neR)
Differentiation

f(x) £(x)

tan kx ksec?kx

secx secxtanx

cotx —cosec’x

cosecx —cosecxcotx

TR

Quotient Rule y = %, ay = %

Differentiation from first principles

f'(x) = zlfi%w

Integration

ix) = In|t\x) +c
Jf<x> dx = In|f(x)|+

(00 ar = A (1)

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

Small angle approximations

. 1 A2 . . .
sin® = 6, cos® ~ 1 —507, tan® ~ O where 0 is measured in radians

© OCR 2019 H640/01 Jun19
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3
Trigonometric identities
sin(4 + B) = sind cos B+ cosAsinB
cos(4+B) = cosAcosBFsindsinB
_ tan4ttanB 1
tan(4£B) = 1 FtanA tan B <AiB # (ke 2)ﬂ>

Numerical methods

b —
Trapezium rule: J ydx = %h{(yo +y)+2(y, +y,+...+y, )}, where h = b=a
¢ f(x
The Newton-Raphson iteration for solving f(x) = 0: X, =X, — f’( (x">>
Probability
P(4 U B)=P(4)+P(B)—P(4 N B)
P(4NB
P(4 N B)=P(4)P(B|4)=P(B)P(4|B) or P(4|B)= %
Sample variance
>x)
5% = an]Sxx where § = Z(xl. —)_c)2 = fo - <T’) = fo —nx’
Standard deviation, s = v/ variance
The binomial distribution
If X~ B(n, p) then P(X =) = "C p'q""" where g =1-p
Mean of X is np
Hypothesis testing for the mean of a Normal distribution
. 2 X—u
If X ~ N(g,02) then X~N< ,"—) and ~N(0,1
(.07 o) and e~ N(O,1)

Percentage points of the Normal distribution

P 10 5 2 1

1 p% 1%
z | 1.645 | 1.960 | 2.326 | 2.576 2 2P
1 z >
Kinematics
Motion in a straight line Motion in two dimensions
v=u+at v=u-+ar
_ 12 _ 1,2

S—ut+§at s—ut+§at
SZ%(M'FV)Z‘ s=%(u+v)t

2 2
V. =u"+2as

.. 1 2 DR )
s =Vt 2at S =Vt 2at

© OCR 2019 H640/01 Jun19 Turn over
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Answer all the questions.

Section A (25 marks)

1 In this question you must show detailed reasoning.

[+ = 233
Show that ’ (2x + Vx)dx = ==,
449 3

qa

0 [ (ef)az

£ ‘ﬁ"é_ff_

3]
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oL B

2 Show that the line which passes through the points (2, —4) and (=1, 5) does not intersect the line

3x+y = 10. X 9, 3]

Fl./\dl.ﬁtl‘e Uae €hal pacces e;(,.:oojl,. e
ﬁi/\h

/

@ Gradaent

5 -9 5 3 -3
-1-1 -3

W-5 -3 - 1))
Y= ~1x -34S
:):—-31 +2

' ' S - - 1O
The (Me \e tLe aloeshov\, = -8 X +

. Ginte Inth of Elaim have Ehesame
3‘“‘%{"‘\‘1 lc\aj ark parallel oud Haefove
cannot  intensect -
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3 The function f(x) is given by f(x) = (1 —ax) ', where a is a non-zero constant. In the binomial
. I o y- . - 2
expansion of f(x), the coefficients of x and x~ are equal.

(a) Find the value of a. R]]
(b) Using this value for a,
(i) state the set of values of x for which the binomial expansion is valid, [1]

(ii) write down the quadratic function which approximates f(x) when x is small. (1]
° )
) Expding LCxN gives s,

L+ (-3) Can) + (D)%) é“")q—
21

L+3aX + 6a"x™ .-

+daz: Ga"
6at-34=0
‘Sa(la——l)-"o
qa=9 ¢6r a = '/ natle o $0 . a-

b)) C 1+ pxY”>

L 2V D A LF
...\L .-Lx ) oo el £ 2
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2) when x is emally

Q..l' \/27(-)-g S -\-,,gi x 4_32.)0
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4 Fig. 4 shows a uniform beam of mass 4kg and length 2.4 m resting on two supports P and Q. P is at
one end of the beam and Q is 0.3 m from the other end.

Determine whether a person of mass 50kg can tip the beam by standing on it. (3]
- 2.4m -
P Q
A ‘().3 m
Fig. 4

Takiag moments about Q:

509 Co'3) + Rp (24-6°3) = 43(1-2-0-3)

15q + 2-|€p = 36§
u.\.ks‘::. —-Z.’l\z‘o
a? : -s3.2N

.. ciate the answy for Bp <0 e
pom W\ k-\f e Yeaw:
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5  Acar of mass 1200kg travels from rest along a straight horizontal road. The driving force is 4000 N
and the total of all resistances to motion is 800 N.
Calculate the velocity of the car after 9 seconds. (4]

(Uoos - koo ) = (2001
x SZDD = 8/3\"\5

J
|200

:g \/:V{-QE

3

~)
V= 24wms
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smf 1
| —cos@ sin@

6 (a) Prove that = cot 6. (4]

sing 1

— ——— = 3tan@ in the interval 0 <6 < 7.
| —cos@® sin@

131

(b) Hence find the exact roots of the equation

a) $na& - L

<ia® (sine) - (\=s¢s)
‘A'/\G‘C (-Co Se‘\

2) GA'O tcosf -
a0 (1-Co8 )

-0’ O £c0sB A 3 CosO - as’e

s n0 Ll'lO‘O) 9\°n9(l—(0{9)

_5(.0S(7(l“"°59) = (0P = tl
- SAN° O\Sl‘e‘?uwed'

Gnd (<o)
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Answer all the questions.
Section B (75 marks)

7  The velocity vms~' of a particle at time ¢ s is given by
v=0.5¢7-1).

Determine whether the speed of the particle is increasing or decreasing when 7 = 8. (4]

V= 3-5e-o.§k‘
dv . 2.§- oSN
At _ 4.5 &

when =4 dY Cwhich is alse
JE k-nown &S
ace lerahon)

yolt Z.S—b
L o4 S o
whwan E- ¢ whek S o Vdoo\\n.
g= 2 S(8) -os(€)

v -4 S ‘
S Gimee  beth Ve loc;\‘\-s ond. acceferaNo,
arR  mexave, qoeed S 1alreC.Sing.
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8  An arithmetic series has first term 9300 and 10th term 3900.

(a) Show that the 20th term of the series is negative.

(b) The sum of the first n terms is denoted by S. Find the greatest value of S as »n varies.

q) a= 2%00

4300+ d (1o -') =3900
qa - gﬂoo-QSOO

d~ -s4o° < ~4£00
q

20{,\‘ Rrmz 9300 -Gee (20-1)

. ~2100 whidh iy

Y\esc\\\“*e -

3]

[4]

b) The SU™ will acease ekl tla (-;u‘c

reqa e ke
Q&JS\ A A

oWl weed To Rad
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oxd (m-1) £0
0206 — ppoLu-1) &0
600 CV\"’\) )5\200
n-l'> 155 D AS\16-8

R (ou:ygsk n derm whidh (s fve
S nw=\6-

5 Sum ko fist 16 s Shovld give v

S

Su = &{Z(qgoo) _600(16—42]
2

¢ = &, %00
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9 A cannonball is fired from a point on horizontal ground at 100ms ™" at an angle of 25° above the

horizontal. Ignoring air resistance, calculate
(a) the greatest height the cannonball reaches, [3]

(b) the range of the cannonball. [4]

a)

F'\AJ-A. wq tue \/QY\\'LQ\ CG'yV\Fov\eh'\' S {"L@_
ve(od\\i
o Q,.',\Z.s"r b£E
vis | (0O

- )
opf = H4L-Sms
R fr (oo ar mki..q 1

el g

OZ¢u2-3) 42¢-18)(s)
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Q65 = 1% 861
S Q- Iw C’_U.f)
b) Qom%e i rotal Wovt 2 on Foll dis bamce
hqve_ulét-

@ \—(vﬁzov\-\ﬁ)\ (_GW\POV\QM\' 9{« \MH“* VQl°°\."§j;

> cos?§: 2 7= 90-6mi”
160 '

?

@ From tue Rme ‘akew Yo veackh raex
haight, Aeo\a\,{«\j ok Sheuld qWR v
‘e todadh e of _(—-\J\.j\/\“‘;

-?F('ow\ (0\\

t“g O':L}Z-S"al'&t

£~ 423 243
99
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10 (a) Express 7cosx—2sinx in the form Rcos(x+a) where R > 0 and 0 < a < llz. giving the
exact value of R and the value of & correct to 3 significant figures, (4]

(b) Give details of a sequence of two transformations which maps the curve y = secx onto the
1
3]

7cosx—2sinx’

curve y =

- Joreyr =53 )

» %

W= Lan” (”/?) & Fom dingian
-0 1 ¥g (3.({)
5 J5 cos (xfo-l%\

D) = | frces(xd 0-2 6

Fasx - LSinX

- 1 Se.( (« +0°29’€’\
(53
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= (D) Shyedch scole .[-qdw 1
{53
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11 In this question, the unit vector i is horizontal and the unit vector j is vertically upwards.

A particle of mass 0.8 kg moves under the action of its weight and two forces given by (ki+ 5j) N
and (4i+3j) N. The acceleration of the particle is vertically upwards.

(a) Write down the value of k. 1]
Initially the velocity of the particle is (4i+ 7j)ms ™.
(b) Find the velocity of the particle 10 seconds later. 4]

q) Gince He ace(evohow 16 \({_VH(.Ctu(j
urw"\rou—% ¢ coMfMeM"' o‘(_ regu[{ahf

fiv (& =0
L+Y4

HONHAS

‘o) Gl actederahon 18 m(j ve,chovuj

u‘)wo\m(& 6nlt5 cmtnder verbiod mohon:

F- w&')l«k =Mmas
5¢3-0-54= 0 B0
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cmstant (H)

veloufn (23 = Yo +q
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12 Fig. 12 shows a curve C with parametric equations x = 4¢°, y = 4¢. The point P, with parameter ¢,
1s a general point on the curve. Q is the point on the line x+4 = 0 such that PQ is parallel to the
x-axis. R is the point (4, 0).

V‘ K
A C

Q /Pw’. 81)
7
/!
/!
» X

—4| O R(4,0)

Fig. 12
(a) Show algebraically that P is equidistant from Q and R. (4]
(b) Find a cartesian equation of C. (2]

Q) A= ut" ¢>8
From &he Jﬂ'mgmm}

Qa (—L('czt\ 2
- diskance o{» P& - G+ E

0((5'(0\“(@ of {2
(4.0) ((-ltl‘%&\
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13 A 15kg box is suspended in the air by a rope which makes an angle of 30° with the vertical. The
box is held in place by a string which is horizontal.

(a) Draw a diagram showing the forces acting on the box. [1]

(b) Calculate the tension in the rope. (2]

(¢) Calculate the tension in the string. (2]
{

) ot

b) Resolvl./lﬂ forces,

Ta st 30 -,\('3-

Tz (59 - Qg3 =130V (Zs{J
66?30

L) Tp cosb0 = Ts
ag{3 ws60 = Uq3 = §4N
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14 Fig. 14 shows a circle with centre O and radius rcm. The chord AB is such that angle
AOB = x radians. The area of the shaded segment formed by AB is 5% of the area of the circle.

Fig. 14

(a) Show that x—sinx— Tlr.,” = (. (4]
The Newton-Raphson method is to be used to find x.

(b) Write down the iterative formula to be used for the equation in part (a). [1]

(¢) Use three iterations of the Newton-Raphson method with Xo=121t0 find the value of x to a
suitable degree of accuracy. (3]

0) Area of e fov

itg H itz
] )

Avea of trcang le

1absing =L yliadC-
1 1

rea of shodled eqion:
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N Lt it sink
1 2

N 1yt (L- Sipx ):
V

prrea of SLO\A?A &‘3{0"\: S + T -
104

= 0'05‘”1

. T
__\_17'(1-31/\7(.) = 0 05TV
1

(Vs

P (x-se) =0
7 e

;) d_’Sl‘/\ff - °°l“- =0

as retIVirCA

£ -Siax - AT 70
(0
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b) ey e A - SinX =-T0

f70c)

(" (x)= [-Cosx

D) Q(n-t\ = Zn' (xn’Sil\Zn-«/IO)
1-(0S X,

() X° = (-t
g\ \Zep\qul,\i) thi¢ 1ato e Wp—.u.)c.
We ORNRT o\«l-ccl obove 3¢Je.( ,

iz [LF24S- -
A= \ZG%O\S
A, - \l(y@qq
3 L. }Lq Vbb—\’ < \zé“ (ZAf>
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15 A model for the motion of a small object falling through a thick fluid can be expressed using the
differential equation

dv _

i 9.8 kv,

where vms ' is the velocity after s and k is a positive constant,
(a) Given that v = 0 when ¢ = 0, solve the differential equation to find v in terms of rand k. |7]

(b) Sketch the graph of v against 1. 2]

Experiments show that for large values of ¢, the velocity tends to 7ms ™.

(¢) Find the value of k. 2]

(d) Find the value of 7 for which v = 3.5. [1]

40 QLV_: 0(‘(6"("/
dt

dv =4t
q.-§-kv
) }_ A\/ = ] a&'

q-¢-Lv

-—\J_\n(ﬂ-g—l'-") S
-

Applaiag pover € on both wdes’

/- - -k
n (A§-¥9) = -k (et) g
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@nk4A)
A-$-¥v = ¢

-kt e
Q- §-kvV = e ¥e

it
>9.8-¢V = fe
when € ond v=0 hok 15 £l valve ¢l ovr

constant ?

q-9 = Be " g=9-8
_ct
1§-kV; 93¢
09-99¢  -kV
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16 A particle of mass 2kg slides down a plane inclined at 20° to the horizontal. The particle has an
initial velocity of 1.4ms ™" down the plane. Two models for the particle’s motion are proposed.

In model A the plane is taken to be smooth.
(a) Calculate the time that model A predicts for the particle to slide the first 0.7 m. 151
(b) Explain why model A is likely to underestimate the time taken. 1]

In model B the plane is taken to be rough, with a constant coefficient of friction between the
particle and the plane.

(¢) Calculate the acceleration of the particle predicted by model B given that it takes 0.8s to slide
the first 0.7 m. |12]

(d) Find the coefficient of friction predicted b‘ model B, giving your answer correct to 3 significant

figures. i { |6}
L}}M
q) %
4

3

ﬂ2$o|ViAf1 féy(eg-(L/)
Q(Afmlo - Resvlbant fvCe

\:—:Mﬂ

Q%Sinlo = 24 )
- SS\’AZO - 3:35ms
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az33S 6.3 - |4E +%(3-3S‘\ -

Y =28k +3-36¢°
=) 235€" 4286 -1t 0

28 N9 -u ey (2:29)
Lr13S

—,039. or -1 \q
- Gace bime S cadar t=0-282.

b) Fvid"\ov\ atv\o( Oa/ rfs{s{avuce. WOM!J L\ZZC
Slow ed dowi £he payh'ule mc;«easmaé
hae Jakew €o travel 0:Fm-
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(I l"'f
V>

_ 63 = 14 (o ¥) el o (0-%)°
k=ob

o-3- 146-%) = LaCo8)”

-0-42 = o0-31%
q - _o.\{’L - __l.jlmg
X £

L

Il
1) ResolVaq povces ()
269/\(103 - pR= ma
Finding K, by tegol\“ﬂ (R)

23(0820':{-

2951220~ 29cos20 ¢ = (1312 5)
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23 (SEIIZD-—-COSZO- r) = 2(-'-3IZS)

61120 -Co0s20-p = -I-3125
q-9

Cind0+ (3125 <= ot 20~
214

0~q?§°l°‘ -~ (0820 )

p 64289
CoS20

vipsot (Qgg)





