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Formulae A Level Mathematics B (MEI) (H640)

Arithmetic series

S, = %n(a+l) = %n{2a+ (n—1)d}

Geometric series
a(1=+")

1—r

S, =

S ZIL for |r| < 1
oo —r

Binomial series

(a+b)"'=a"+"C.a" '"b+"C,a" *b*+ ... +"C.a" b +...+b" (n e N),
1 2 r
where "C = C = o nt
ronTrAr) Pln—r)!
—1 —1)...(n—r+1
(raf = 1o 20 2y a0z Delomrtl) (<1, neR)
! 7!
Differentiation
f(x) £'(x)
tan kx kseckx
secx secxtanx
cotx —coseczx
cosecx —cosecxcotx
TR
. _u Y dx dx
Quotient Rule y = S e

Differentiation from first principles

f'(x) — }q%w

Integration

w—nxc
Jmﬂ%uﬂm

Jf'(x)(f(x))n dx = }Hl_ I (f(x))nH +c

dx

: dv . | du
Integration by parts Jug dx = uv Jv &

Small angle approximations

. 1 . . .
sinf =~ 6, cosO@ ~ 1 — 592, tan @ ~ 6 where 6 is measured in radians
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Trigonometric identities
sin(4 + B) = sinA cos B+ cosAsinB
cos(4+B) = cosAcos BFsindsinB

_ tan4 ttanB 1
tan(4£B) = ] ¥tanA tan B (AiB # (k+ 2)7[>

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(4 N B
P(4 N B)=P(4)P(B|4)=P(B)P(4|B) or P(4|B)= (P(—m
Sample variance
>x )
st = ﬁSxx where S_ = X (x, =)’ = Xx’ — % =Y —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
o 2 Y—
If X ~ N(u,0?) then X ~ N[,U,G—] and =2~ N(0,1)
n o/Vn

Percentage points of the Normal distribution

)% 10 5 2 1

140 1,0
z | 1.645 | 1.960 | 2326 | 2.576 2P 2P
I z -

Kinematics
Motion in a straight line Motion in two dimensions
v=u+tat vV=u+tat

_ ) _ 1,2
s =ut+5at s=urt+at
s =3(u+v)t s =2(utv)t
v2 = u?+2as
s =vi—yat* s =vt—yar’
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Section A (60 marks)

1 (a) Find the first three terms in the binomial expansion of (1 + 3x)%.

(b) State the range of values of x for which this expansion is valid.

2 You are given that
f(x) =% on the domain {x: x € R, x #+ 0}
g(x) =x—1 onthe domain {x:x € R}.

Find gf(x). You must state the domain.

3 The straight line with equation 2x+y = 6 crosses the x-axis at A and the y-axis at B.

(a) Draw the line with equation 2x+y = 6 on the grid in the Printed Answer Booklet.

(b) Determine the equation of the perpendicular bisector of AB.
(c) Points A and B are opposite vertices of a square of side a.

Determine the exact value of a.

4  The first term of a geometric sequence is 6.

The fourth term is %.

The sequence is infinite.

Find the sum of the associated series.

© OCR 2025 H640/03 Jun25
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5  The diagram shows the curve with equation y = x* — 27, for values of x close to zero.

(@)

(b)

(©)

(d)

(e)

®

© OCR 2025
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In this question you must show detailed reasoning.

Show that the equation x* —2% = 0 has a root which lies between 1 and 2. [2]

Show that the equation x* —2* = 0 can be written in the form x = 2°%* for positive values

of x. [1]
Use the iterative formula x | = 202%% with x, = 0.4 to determine a root of ¥=2"=0to
2 decimal places. 2]

The diagram in the Printed Answer Booklet shows the line with equation y = x and the curve
with equation y = 2%

Sketch a cobweb or staircase diagram, on the diagram in the Printed Answer Booklet, for the

| — 20.25x

iterative formula x » starting with x, = 0.4. Show at least two iterations. [2]

Show that the equation x* —2* = 0 can be written in the form x = 4 log,x for positive values
of x. 1]

In this question you must show detailed reasoning.

Show that the iteration x , , = 4log,x , with x, = 1, will not find a root of xt=27=0. [2]
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6  The diagram shows the curve with equation y = f(x), where f(x) = 13x—341In(x) — 1.5 for
x > 0.

(a) A student attempts to locate a root of f(x) = 0 by using a spreadsheet to calculate the values
of f(x) for positive integer values of x.

Explain why the student’s method may lead to the conclusion that f(x) = 0 has no roots. [1]

(b) Determine the exact value of the x-coordinate of the turning point of the curve. [2]

7 A group of scientists is studying how a population of insects grows in the laboratory.
At the start of the study, there are 48 insects.
At the end of the first month, there are 72 insects.
At the end of the second month, there are 108 insects.
The group develops two models, P and Q, to model the population.

The first model, P, is of the form P, = kP, where k is a constant.

P, denotes the number of insects at the start of the study.

P, denotes the number of insects at the end of month ¢, 7 > 1.

Model P fits the data for t = 0, 1 and 2 exactly.

(a) Find the value of £. 1]
(b) Use model P to predict the number of insects at the end of month 3. [1]

The second model, O, is of the form Q = 48 e0'4’, where ¢ is the time, in months, after the start of
the study and Q denotes the number of insects at time ¢.

(¢) (i) By considering the given data on the number of insects when ¢ = 1 and ¢ = 2, assess
whether model Q fits the data for these times. [2]

(ii) Show that model QO implies that the rate of growth of the population is proportional to
the population at any time ¢. [2]

(iii) Show that, for integer values of # with ¢ > 1, the population predicted by model O will
always be lower than the population predicted by model P. [3]

© OCR 2025 H640/03 Jun25
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8 The diagram below shows the graph of y as a function of x.

Point D is the fixed point on the graph where x = 10.
Point E is the point on the graph where x = 10+ /4 where /4 denotes a small increase in x.
The values of y at points D and E differ by £.

The value of the gradient of chord DE is %

A

-
X

The screenshot below shows a spreadsheet used to find the gradient of DE for different values
of h. The contents of some of the cells are not shown in the screenshot.

] A B C D E

1 h 10+h y k gradient
2 1 11] 1992.8]197.5937|197.594
3 0.1 1817.54|22.33784

4 0.01 10.01] 1797.46| 2.259142 | 225.914
5 0.001| 10.001]1795.43|0.226167 | 226.167
6 0.0001] 10.0001| 1795.22|0.022619 | 226.192
7 0.00001| 10.00001| 1795.2]0.002262 | 226.195
8

(a) Write down the value for cell B3.

(b) Find the value for cell E3. Give your answer to 3 decimal places.

(¢) Deduce, to 1 decimal place, the value of the gradient of the graph at D.
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9  The function f(x) is defined on all real numbers by f(x) = x°* +¢**.
(a) Differentiate x° +e*".
(b) Write down the coordinates of the point where the curve y = f(x) crosses the y-axis.
(¢) Find the gradient of the curve of the inverse function, y = f ' (x), at the point where it
crosses the x-axis.
4
10 The magnitude of the vector |—1] is an integer.
X
Determine all possible integer values of x.
11 The nth term of a sequence is defined by a = ! — ! forn =1
a YO T v 1—1 Vmrl4l T
(a) Prove that every term in the sequence, a , is a rational number.
(b) Determine whether the sequence is increasing, decreasing or neither.
© OCR 2025 H640/03 Jun25
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Section B (15 marks)

The questions in this section refer to the article on the Insert. You should read the article before
attempting the questions.

12

13

14

s 3;_:; = 0 as given in line 10. 1]

(a) Show that for the point on the curve where x = 0

(b) Use the equation of the curve given in line 8 to show that for all points on the curve where
3a—x
> atx

x+0 = ( as given in line 10. [1]

(¢) Show that it follows that 3a—x = 0 and a+x > 0, as given in lines 10 and 11, for values of
a > 0. 3]

(d) Hence find, in terms of @ where a > 0, the range of values of x for points on the curve
2
» X (Ba—x)

atx - [1]
(e) Find the equation of the asymptote to the curve. [1]
Use tan(d +B) = anAttanB . itable choices for 4 and B, to show that
se tan (. ) = 1 —tand tan B> Vith suitable choices for 4 and B, to show tha
t(3—1%) L
tan 30 = 32" where ¢ = tan 0, as given in line 25. [3]

(a) Draw and label a suitable triangle on the diagram in the Printed Answer Booklet to show

that tan6 = %, as given in line 30. [1]
a(3—1%) 4at*

(b) Subtract x = ———— from 3a to show that 3a—x = 3 [1]
1+¢ 1+¢

(¢) Find an expression, in terms of a and ¢, for a +x. [1]

(d) Hence, or otherwise, show that the parametric equations given in lines 29 and 31 are
2
x“(Ba—x)

atx s claimed in lines 8 and 33. [2]

equivalent to y* =

END OF QUESTION PAPER
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sumame  StemUp Model Solution
Answer booklet Write the question number in the left-hand margin at the start of each answer.
Question
number
1Y (=]
1@ | Q+30" =1+ %(3x) + (/2)2(—,/2) (32 + ..
= , + i — qxl
2 g
I (b) Valid for |3x] <1 = |[x] < é
_o(2)=3 _
2 gf(X)—g(x)—x !
Domain: fx : x € R, x # 07
3 (a) Yy
oo
ST \
41 \
I2x + ¢y =6
X Y 6
31 \
2 \
) \
\\A(B, 0)
0 } 2 3 \ i
3 () Yy=0=2x=6=x=35A(3,0); x=0=y=26, soB(0,6)
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Question
number

Mia'pointofAB=(3+o, 0+6)=(%,3)

2 2
. _6-0 _
Gradient of AB = -3 ° 2
Gradient of perpendicular bisector = :—; = %
_ e 3
y— 3= P (x P )
y=ix+i (or 2x — Gy + 9 = 0)
2 9
3 (c) AB is a diagonal of the square.
AB? = 3% + 6% = 4§
a’> +a° = AB?> = 24° =4S
48 V4S 345 3410
2 = 2 = = =
N Y 2 2
4 ar® = % = 6r= %
! !
3 = =— = —_—
T2 T T3
S, = a = 6 = 6 =9

I =r I =1/3 2/3

S (a) DR Let f(x) = x? — 2¥

) =1"-2"=)-2=-1<0

f2)=2"-22=16-4=12>0

Values are —| and 12, so there is a change of sign (f is continuous),

hence x* — 2 = 0 has a root between | and 2.
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Question
number

s

S (o)

‘X))

S (e)

s@®

6 (a)

X1 -2=0 = x%=2¢

x>0, s0x= (ZX)//Q = 2025

x) = 203509 = 1,07177...

Xy = 1.20409..., x3 = 1.2320l..., x4 = 1.23799...

xs = 1.23927..., x¢ = 1.2395S...

Root = 1.24 (2 d.p.)

Y
16 y=x
14
< //i': 202$x

i
1.2
>
] ]
0.8
0.6
0.4
0.2
X
0 0.2 0.9 0.6 0.8 ! 1.2 1.4 1.6 1.8 2
Xo = 0.9

=2 = Jog,(x*) = log,(2¥)

Glog, x =x = x=4log, x

DR x=Glog, | =4x0=20

X2 = 4 log, 0, but it is not possible to find the log of zero

(1092 0 is undefined), so the iteration fails and will not find a root.

There are two roots, both between x = 2 and x = 3, but £f(2) and f(3)

are both positive (F(2) = 0.93..., f(3) = 0.147...). Using only integer
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Question
number

values of x there is no change of sign, so the student would wrongly

conclude that f(x) = 0 has no roots.

6 (b) f'(x)=zs-3—:=o

349
13

= X =

7 (a) k=72=+48 =15 (check: 108 + 72 =1.5)

k=15

7 (b) P; = 1.5 x 108 = 162 insects

700 | t=1 Q= 43" = 71.607.. # 71.6 (data: 72)

t=2: Q = 48e°2% = 106.82... ~ 106.83 (data: 108)

Both values are reasonably close to the data, so model ® fits

the data quite well for these times, but not exactly.

G Q = 480 = ‘a’l—f = 0.4 x 48609 = 19,2609
aQ _
g - 09®

so the rate of growth of the population is proportional to the

population Q at any time t (constant of proportionality 0.4).

Gii) Model P: P, = 48 x 1.5, so P is multiplied by 1.5 each month.

Model Q: at time t + 1, Q = ¢804 = 209t x 04

so Q is multiplied by €% = 1.4918... each month.

Both models give 48 at t = 0, and 1.4918... < 1.5,

stemup.co.uk
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Question
number

8 (a)

g )

8 (c)

9 (a)

9 (b)

9 (c)

10

so §8(e%)t < 43(1.5)*, i.e. Q < P, for every integer t = |.

(e.g. t=2:Q =106.8 <P =103.) Hence for integers t > | the

population predicted by ® is always lower than that predicted by P.

B3 =10.

\

E3 = % = %3,72" = 223.3784 = 223.378 (3 d.p.)

As h — 0, the gradient of DE approaches 226.19...

Gradient of the graph at D = 226.2 (I dp.)

flx) = 3x%* + 3e*

x=0 y=0>+¢e" =1 sothe point is (0, 1)

y = () is the reflection of y = f(x) in y = x, so it crosses

the x-axis at (I, 0), the image of (0, ).

Gradient of y = f(x) at (0, 1): £(0) =0 + 3¢’ = 3

Gradient of y = f'(x) at (I, 0) = ﬁ - é

WiZ2 =4+ (~1)? +x* =17 + x*

vl = n where n is a positive integer, so 17 + x> = n?

W =x2=17 = W-x)m+x) =17

17 is prime, so the integer factor pairs give:

n=-x=landn+x=17 = n=9x=238

n=-x=17andn+x=1 = n=9x=-38

—x=-Ln+x=-170orn—x=-I7,n+x=-| give n =-9,
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Question
number

I (a)

I (b)

12 (a)

12 (b)

12 (c)

rejected as n > 0, and give the same values of x.)

Checl: (16 + | + 64) = /8] = 4, an integer.

x=8o0rx=-8

= ! _ ! _ W) + 1) = (In+l) = 1)
" M) =1 ) + 1 Gn+) = DCn+l) + 1)

2 2

T +D-1 " n

2 and n are both integers and n 2 1, so n # 0. Hence a, = 2/n is

a ratio of two integers with non-zero denominator, so every term

a, Is a rational number.

2 2 _ wm-2tn+1) _ 2

YY) T+ 1)

ap+) — Ay =

Since n > 0, this is negative, so a,. < a, for all n.

= The sequence is decreasing.

3a — x :30—0 :Ba
a+ x a+0 a

\

2 _ X¥Ba-x) 30 -x _ ¢
v a+x ® Ta+x x? (x # 0)

> 2 0and x* >0 (as x #0), so =L Rk S
a+x

a + x cannot be 0, since then 4> would be undefined.

3a — x
a+ x

2 0, so either 3a —x 2 0anda +x >0

or 3ad —x<0anda+ x < 0.
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Question
number

12 (d)

12 (e)

13

19 (a)

If 3a = x < 0and a + x <0, then 3a < x and x < —a,

s0 3a < —a, ie. Ga < 0. This is impossible since a > 0.

30 -x20anda+ x> 0.

3a-x20=>x<30 and a+x>0=>x>-a

—a <X < 3a

Asymptote: x = —a

Let A = 20 and B = 0, with t = tan 6.

+t 2t
- tt | — ¢?

tan 20 = tan(® + 0) = ’t

tan 20 + tan 6 _ 2t/( = t2) + t

tan 30 = tan(20 + 0) = | —tan 20 tan B | — 2t?/() — t°)

Multiply numerator and denominator by (I — t2):

2t +t(1-¢t2) _ 3t-t2 _t(3-¢t)

tn 30 = =55 T -3 T T -3

X =-a

\ y

v 17) + o y2
LSRN 4 wan'ov = yix

\ T

N

[ ] ya

\ng/
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Question
number

149 (b)

19 (c)

19 (d)

a(3-t2) _ 330 +t?) -a(3 -1

30 — x = 3a -

|+t | + 2
_ 3a + 3at° — 3a + at” _ Gat*
| + t2 | + t2
a0 +t?) +a(3-¢t?) _  4a
arx= | + ¢ o+t
30 = x _ _Qat” xl+t‘ -
a+x | + t? 4a

Z

t=tane=% kYY) 23 ~ X 4

a+x x?

2 _ X¥Ba-x)

as reguired.
a+ x
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