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Arithmetic series

S, = %n(a+l) = %n{2a+ (n

Geometric series

g = a(1—7")

n 1—r

N :1L for |r|< 1
o0 —r

Binomial series
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Formulae A Level Mathematics B (MEI) (H640)

—1)d}

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

where "C = C =<n>=7'

r n - r

(1+x)"=1+nx+ n(n2‘— 1>x2 +...+ nln = 1)..’;'(n—r+ 1>xr+ (x|<1, neR)
Differentiation

fx) £(x)

tan kx ksec®kx

secx secxtanx

cotx —cosec’x

cosecx —cosecxcotx
Quotient Rule y = It —

Differentiation from first principles

f(x+h) —f(x)
m——_" "\
h=0 h

f'(x) =

Integration

f’(X) = In|\x C
Jf<x) dx = In|f(x)| +

du

Integration by parts Ju% dx = uv— Jv— dx
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Small angle approximations

. 1 A2 . . .
sin@ = 6, cos® =~ 1 — 567, tan@ =~ 6 where 6 is measured in radians

Trigonometric identities
sin(4 + B) = sin4 cos B+ cos Asin B
cos(4 +B) = cosAcos BFsindsinB

_ tanA ttanB 1
tan(4£58) = ] FtanAtanB (AiB#(k—'_ 2>7[)

Numerical methods

b _
Trapezium rule: J ydx = %h{(yo +y,) 2y, +y,+...+y,_ )} where h = b
a

f(x,)

The Newton-Raphson iteration for solving f(x) = 0: X1 =X, T «)
Probability
P(4 U B)="P(4)+P(B)—P(4 N B)
P(4NnB
P(4 N B)=P(4)P(B|4)=P(B)P(4|B) or P(4|B)= %
Sample variance
>x )
§% = anlex where §_ = X(x,—x) = Xx’ - % =Yx —nx’
Standard deviation, s = v/variance
The binomial distribution
If X~ B(n, p) then P(X=1r)="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(u,0?) th X~N< ,"—) d ==~N(0,1
(1£,0%) then woo)and e (0,1)
Percentage points of the Normal distribution
P 10 5 2 1
1 50 150/
z | 1.645 1.960 2.326 2.576 2P 2P i
0 z -
Kinematics
Motion in a straight line Motion in two dimensions
v=u+tat v=u+tat
s =ut+yat’ s =ur+ar’
s=%(u+v)t s=%(u+v)t

v =u’+2as
1 1
szvt—gat2 szvt—zat2
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Answer all the questions

Section A (23 marks)
1  Show that (x—2) is a factor of 3x> — 8x* +3x+2. 13]
— ~,i“_., e
1 F@ - 3@ - 8 - )+ 2
e =24 - 32+ 6+2
=0
- Bj - \tgdog,,,,,M,Hzem_c,w L (- 2) S R T fe cloc
2 By considering a change of sign, show that the equation ¢* —5x” = 0 has a root between 0 and 1 [2]
2] hen x = O e"—'5>c3- e°-O = > O
| ches x =\ et =By - -8 - -2178 <O
t CLanSe of Sf‘%w indicakes root betwee, O and i
3 In this question you must show detailed reasoning.
Solve the equation sec?6+2tan@ = 4 for 0° < 6 < 360°. [4]
3 Secl 6 + 2taO -~ 4
\ + 40 6+ 2Hab - 4
fo '@ + 246 - 3 = O
(tar@ + 2)(40,© = 1) = O
*‘a,. 9 = - 3 or Jran 6 - |
6 - 108. 4 6 - 45
6 - 108 4 « 180 6 - 45 + 180
= 788 4 = 218

S% O - 45, 108 4 22% 188 4

© OCR 2018 H640/01 Jun18
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4  Rory pushes a box of mass 2.8 kg across a rough horizontal floor against a resistance of 19N. Rory applies a

constant horizontal force. The box accelerates from rest to 1.2ms! as it travels 1.8 m.

(i) Calculate the acceleration of the box. 2]

>
/]\
-

| 7 2 g\o)i - -
S S .
v=0 oy e o+ Tas
vl s 0 x 2.(108)
R
[ S a = 1.2
t- o 2x L%
S @ O 4 g
(ii) Find the magnitude of the force that Rory applies. 2]

N F - 19 = ma
F - 19 - 2.8(0«)
F = 112 + 19
F = 2012

5  The position vector r metres of a particle at time ¢ seconds is given by

r = (1+12t=26%)i+ (¢ —60)j.

(i) Find an expression for the velocity of the particle at time ¢. 2]
5 i ro- (\ \?,{—Z(:L); + (- CL)
M
v = de = (12-46)i + (2W- 6):
dk )
(ii) Determine whether the particle is ever stationary. 2]

I For ‘Hn e 90@ bicle (:o \oe %\‘a\'ionaqﬁ e need \w“x

(,omlmne.ts ko equal Zero o
AL 4= 18 12 - 4t 12-4(3) - O
_ t -6 = 23)-6 -0
S_o H,,e Pwkc\e s gbhonwtj c& 4“- 3

i
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6  Aleela and Baraka are saving to buy a car. Aleela saves £50 in the first month. She increases the amount she

saves by £20 each month.

(i) Calculate how much she saves in two years.

o ——

64 L ,,/l\,n-;___,_ VS an cu}‘rlomehc ’%ec;uen,c,e,, _,,w;l}h -

4~ 20

Sn = az(za"' (ﬂ-')&)

Si. = 24 (2% 50 + 23 20)
7

524 - EQ?ZO

2]

Baraka also saves £50 in the first month. The amount he saves each month is 12% more than the amount he

saved in the previous month.

(ii) Explain why the amounts Baraka saves each month form a geometric sequence.

1]

i 'ﬂne Cu"'vounk \/)8 Saves 15 HZ X ‘an o_(‘)oun':
\ne Saved in “n& PNviOUS month
So Hm's 1S o aeometric Sequence (,Jn\'\n a = SO,.
\) !
¢ = U172

(iii) Determine whether Baraka saves more in two years than Aleela.

i FOF Raro_ha) SM- = &irl* - )
r-t

= o500 2t - )

17 - |

- £590% ¢

ﬂn’s is lesr H’NM Hm Cu":ounk A\eala Save&

[3]

© OCR 2018 H640/01 Jun18



PhysicsAndMathsTutor.com
7

Answer all the questions

Section B (77 marks)

A rod of length 2m hangs vertically in equilibrium. Parallel horizontal forces of 30N and 50N are applied
to the top and bottom and the rod is held in place by a horizontal force F' N applied xm below the top of the
rod as shown in Fig. 7.

30N T

xXm

T

50N

Fig. 7
(i) Find the value of F. 1]
2. R(>) 30+ % - F
F - 80N

(ii) Find the value of x.

2]
0 {ahe

MoMen ES abau}‘ H«,e ]Lop_

£

Hoe racd

fx = 50(2)
80):. - |00
x = 1.25%

Show that 8 sin’x cos’x can be written as 1 — cos 4x.

[3]

2 T
88:,. x Cos e

2 (_\— c;st )L\“’ le)t)
| = 7 (\ - Cost2x)

= 2 - 2(0312)‘
= 2 - (sl + 1) ;
= | = cos 4x
© OCR 2018 H640/01 Jun18
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(ii) Hence find fsin2x cos’x dx. 3]
", \ Sin "3 Cos “x dx = E - o5 Lrx dse
= 'Lg \ x - _"'—_ Sin 4‘)( + C
- x — | Sia 4 X -+ C
8 2

9 A pebble is thrown horizontally at 14ms~' from a window which is 5m above horizontal ground. The
pebble goes over a fence 2m high dm away from the window as shown in Fig. 9. The origin is on the

ground directly below the window with the x-axis horizontal in the direction in which the pebble is thrown
and the y-axis vertically upwards.

y
A
Window _
1 _____T__:Mms1
Sm \\\\\\
A RN
Z*m Fence A
~ > X
0. dm >
Fig. 9
(i) Find the time the pebble takes to reach the ground. 3]
q i 1 s = -5 .
o - 0 S = u& + "ZO.L
v o= -5 -0 + 5(-a8)t
o - 1.8 £ - 10
t - Lo ¢
© OCR 2018
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(ii) Find the cartesian equation of the trajectory of the pebble. 4]
i - speed - distarce
{
b
&A‘J}ance = SPee& x__ bme
) e L4t
1 S - ot + Lokt
N o(t) + % (-a.8)¢t°
o - - 4.at
J
ﬂ)-‘ s is \\ae vechca bhe: 6\'& \na\@cg__.._}[\afc____ .ja_.-:nﬁcl.ou,m, S
ﬂne distance above HnP Sro vod S an e)drg 5en
me Hn‘s
w o~ 5 - 4 ot
J
So the Cartesian ec;ua.\w'on is
W= 5 - 49 [\
v k |4 )
EAJ = S -t
40
(iii)  Find the range of possible values for d. 131
0y then b} - 2 7 - 5 -
40
o= 3
“40
x = \20
x = 10.9%4.
O < 4 < U

© OCR 2018 H640/01 Jun18
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10 Fig. 10 shows the graph of y = (k—x)Inx where k is a constant (k > 1).

»
»

/ ~

Fig. 10
Find, in terms of £, the area of the finite region between the curve and the x-axis. [8]
10 Ficst \‘t-‘nl where Hae Cucve Crosses the. X oXis
A -0 - O: (R-x)lax
Nl

R-x -0 o s =0
xR x =
~,SQ Hve_ %r‘rsl: Pﬂfg}. it _crosses gk s x =1, and

dhe  second  pob s - R
........ - n k

0 = lax dv = k-x
do = 1 d”
e v = kx - 5x”
__\__ﬁ}_.e__o()_sgfhp_n_ _ ._____L_ﬁ_______@@fs___
3 Sk
Aree sl Cex = sxt) [ = |3 G- 500) A

© OCR 2018 H640/01 Jun18
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T~ = a R
Ok (R -2k - Ol - | ok - tx d
= R S
_ k
- ik Lk - | Rx -k
L

S SRR - LR+ k- %

11  Fig. 11 shows two blocks at rest, connected by a light inextensible string which passes over a smooth pulley.
Block A of mass 4.7 kg rests on a smooth plane inclined at 60° to the horizontal. Block B of mass 4 kg rests
on a rough plane inclined at 25° to the horizontal. On either side of the pulley, the string is parallel to a line
of greatest slope of the plane. Block B is on the point of sliding up the plane.

Fig. 11

(i) Show that the tension in the string is 39.9 N correct to 3 significant figures. 2]

Al

: A is in e:’aui|i\g;;u(\q SO
T = l\" #f" S'a 60
T- 39 389.
1= 299N

_—

© OCR 2018 H640/01 Jun18
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(ii) Find the coefficient of friction between the rough plane and Block B.

;ij_ ReSO\VC Hoe %orces On
T - 4%5;,,2‘3 - F - 0O
F - 399 - 4‘35.\,25
_ N MR = 39.9 - 433:,.25
- Moo= 399 - 4-35:,.25
4360525
w = 0O 656

12 Fig. 12 shows the circle (x—1)?+ (y+1)* = 25, the line 4y = 3x—32

5]

and the tangent to the circle at the

point A (5, 2). D is the point of intersection of the line 4y = 3x—32 and the tangent at A.

Y
A
A
» X
o
D
E B
d
Fig. 12
(i) Write down the coordinates of C, the centre of the circle. [1]
- I N R
S0 IR PR N
(i1))  (A) Show that the line 43yx=- 32 is a tangent to the circle (4]
L A )_i,_,‘_ﬂ,ur - ax - 8
sob b ite Ve equabion  of the  cicde
(=) o+ (%x -8 1) = 7S
xt= Dxow |+ (Fx -F) - 25
x - 2x o+ |+ ?’E’)“rl'_z/zlx"’ 49 - 75
g)cl _”25)& +2‘5: O
16 2
H640/01 Jun18 Turn over
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' - 8x + 16 =0
(x — 4 )x-4)-0
'ﬂnerc _____ is Onl:AJ Oﬁ.@_‘_,*s,o,\u‘v‘ on Jro jr\m‘s egoahon
Ceaning the lire and the r,,g[em_,pzjlb,, ‘meck
at One. lOm'nt . .
/ﬂqerc.lcore HnF line i$ o *,onc\:}en& I

(B) Find the coordinates of B, the point where the line 43yx=-32 touches the circle. [1]

B ) = 4‘ _lLrom \oegoce
chen x = 4 y = 3(4)"12_

J 4 4
(VN 5
J

So R Xi (4', -5 )

(iii) Prove that ADBC is a square. 131
by The Yorg enks wre Per‘owl.‘dau to the Circ\e’ radivs

J
So £ CAD -~ 90° and £ CBd - 90

Gadet AC - 2--V . 7
5| “

G‘ra«l-&»‘: gC - -\ --§ .

- |- 4 i

S BC ad AC arc _*P_G_CFMAAQ'N,

This means LACY - 90 R

‘4 ADB - 9 O_.o becavse fhe uasle,sﬁ_-oioﬂ_d\z@___ﬁﬁﬁﬁ

SO _,A C§ D A (o8 e chlns\!::_

AC- AR - 9 (radivs ) o
So CL“ j L»e S«Jes La_va lemjﬂz B 5

ADG C is o Squase

© OCR 2018 H640/01 Jun18 Turn over
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(iv)  The point E is the lowest point on the circle. Find the area of the sector ECB. [5]
v, \xl\qe, Lj is ab ks lowest . (\3 + ) )1 is ot ik
Ma x
2 2
(ka-t-l): ZS~()¢-1)
ﬂﬂi.s i< la.rﬂest (,.5\0(7. CX -1) = 0O , So x o= ]
(b) + | )1 = 25
n + | = ’S
J
4y = -6
. i
So E \’70-3 COOrcL‘na\‘C.(‘ ( \ N € )

1]

. ,32 . |'a.
CoSine ru\e' 0.1 = ‘ol-f CI— ?_L)C(;osA
Jo© - 51-* ‘51 - 1(5)(5)(058
csB = B+ 8- 0
2 x 1%
cos O 0.8
© - O 643%°
Areo. OI‘, sechoc = lirle
= 4 x %% 0 641y
= 8 O4
©OCR 2018
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13 The function f(x) is defined by f(x) = V278 . Jenny uses her scientific calculator to create a table of
values for f(x) and f’'(x).

X f(x) f'(x)
0 3 0
0.25 | 29954 | -0.056
0.5 | 29625 | -0.228
075 | 2.8694 | -0.547
1 | 26684 | -1.124
125 | 22490 | -1.977
1.5 0 | ERROR

(i) Use calculus to find an expression for f’(x) and hence explain why the calculator gives an error for
£'(1.5). 3]

)

_l’g‘j,l | Y:(*) = ! M)cj = (27— - gx} )?

-

F() - 5 ()3 (27 - §x0)

= - 8)(7.
- (2% - 3x' )17
Mo - 18 F(1%) - 8018
. S (- 2v)t
I (T
O

.,,,/ﬂ’LGA_, Mrko,ofo,in,ggkgf_.__ s Peco So the resolb e

MJJLA_E.{,»J;QQ& o S

(ii) Find the first three terms of the binomial expansion of f(x). 3]

S S —

i Ble) - (2%-8x")

f
-
E

|
L

B K
EERNAACES TN

i
i
o
+
o~
N
——
P
1
~
~+
=
)
N’
+
[\
N—
'
-\
S’
Qe
s
p——
~
—"

© OCR 2018 H640/01 Jun18
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I AT R T
3| ¢s¢) ]

-3 - 8k - baxt
2¢ 2187

(iii) Jenny integrates the first three terms of the binomial expansion of f(x) to estimate the value of

1
fo /27 —8x dx. Explain why Jenny’s method is valid in this case. (You do not need to evaluate
Jenny’s approximation.)

2]
i, /l\,e  eX06asion is vajj;l Lor \ -8 JEj_._ - .<_.__.‘.__
! ! | 2t
i PR
_ 3
o S - Ol 3
- B YA

_ﬂoe |n‘mi|‘s O and ,,,;]—___,,._AOF_ Hoe in teara' EQ}L_W
sahis by fai condibon  So  her  methed  is valid .

(iv) Use the trapezium rule with 4 strips to obtain an estimate for J. (1) Y27 —8xdx.
| [ S

| 3

| v, b b (x ),_:.__,_ﬁﬁ/;ﬁxi_
Flo) - 3

Flo3): 29954

f(6%)- 2.962%

'F (0.¥8): 2. 8694
F (V) = 2. 6684

3]

T > 029 (3~ 26684 + 2(2.99454 + 2.8694 + 2.%25))
2
_____ = 72918
S— S— /
© OCR 2018
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The calculator gives 2.921 174 38 for f; 3\/ 27—8x>dd The graph of y = f(x) is shown in Fig. 13.

y
y N
44
2 -
1 1 » X
| O 1
Fig. 13
(v) Explain why the trapezium rule gives an underestimate. 1]
|
v 1\78 Cocve 5\0 pes outeoards So Hoe area Le\m een
‘Hne +09 0(‘. ﬂ»e Jrra\eezi o *m&_ ~ er_ Cutve
K m:sSen?J _%ro(\-w Hsa esbimate

14 The velocity of a car, vms' at time 7 seconds, is being modelled. Initially the car has velocity Sms! and it
accelerates to 11.4ms™! in 4 seconds.

In model A, the acceleration is assumed to be uniform.

(i) Find an expression for the velocity of the car at time ¢ using this model.

[3]

714-';_ S = =

v 5 v = u+ at
B v o Wk W& - 5 & ba

o o Lo = 64‘
B J’* !: : 4‘ @ = \ 6
T\Jow Le kn oW Hne acce \ercx\i on e Can _‘-l‘,o_& -
o equabon Lar o aenctal  Hme Jf .

! \ J

S = - S -
v ‘5 i -
v v v uxab
* L6 v ;_‘5&*’}- L6t
Lot R

© OCR 2018 H640/01 Jun18
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(ii) Explain why this model is not appropriate in the long term. [1]
TN The  car camnot  aecelecabe Locever NS |
% S _.LM_Q_.‘_.... e MaX.iMmo ,(\::_h___,A,_y_;e;\_og[}_t\,)_»,_*,,,_ -

Model A is refined so that the velocity remains constant once the car reaches 17.8ms!

(iii) Sketch a velocity-time graph for the motion of the car, making clear the time at which the acceleration

changes.

3]

]

Ghea v = 138 -

o 17.8 = % + 1.6t

|6k ~ V2.8

B E - 3

So

the

car __S}ogﬁs___ m,_»gtg;,e,\evc,ohhaoj ,ogg},,a;‘, 8
_S_\:c_Qo_cC_S__._.__._ o
VC\OL;\"} -
N
‘ é } 7_%‘01@

(iv) Calculate the displacement of the car in the first 20 seconds according to this refined model

In model B, the velocity of the car is given by

. {5 +0.6¢2—0.05° for0<¢<8,
17.8 for 8 < ¢ < 20.

Jr< .
f:rlv. D.‘slo\acemenk = Arca Uncl&r )Y\ne Cucve o
l - = 5 x 8 4+ 8%x (1¥8-5) + (1018)"”8
- 1

= 40+ Bl o+ 2136

7‘_306—8__.@7 B

© OCR 2018 H640/01 Jun18
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(v) Show that this model gives an appropriate value for v when ¢ = 4. [1]

Vi e b= 4 v B4 06(4) - 0.0%(4)
= 54+ 9¢ - 272
A

’ﬂn:J Ma\‘c\«es i Hne \/_Cg\_ALe we weere ,c\xrl!g.o,

eqr\:er

(vi) Explain why the value of the acceleration immediately before the velocity becomes constant is likely

to mean that model B is a better model than model A. 3]
Ikn a - i\é - 0.6 x 2t - 0.0% x 3"

= L2t - 0. I8t
whe, tE - % « - V.2(8)- 0.1% (8)1

- 0
/“m’ s is o \oe,\’tec (Vmcle\ \oe, cowse W c\oesé E

re(’;u.‘re o SquQn C o.nae n acce\ec o..\ion w\n;e_\ﬂ
Lapgeas in model A
(vii) Show that model B gives the same value as model A for the displacement at time 20s. [3]
l
3 P
i - \v - \S+ O.6t" - 0.0%5t” db

— - 'o v°

L 5 3

- \ 56+ 0287 - 0.012% é“\
L )
R S 9.2 ¢, o

_

Model A 60we o clgfz_\&cm&&_.mwo* 4o+« N\

- w,v-;*wq_)._-l, M da \_\n_e__-_._..___{-_i _r_;_L_____,,‘_, 8__.____ ; _59,;@04;_ R

i TDLSF_\,CL,c,em@»,L_", s Yhe  same for the next \2

_Secoods s _‘_}Lem BT 5 P _____giiaplc_n_@_emeab_-_-_,_‘.,gt,.\tﬁ.c., AC,

_ Seconds ,ii_ﬁ___m_,,,ﬂvé,~4 _ Sameas _ia _ Model A
END OF QUESTION PAPER
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