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1. Mr Chan reports the number of visits of SoHokMaths at the end of each month from
September 2022. He believes that the relationship between the number of visits, n, and the
number of months after the start of the academic year, ¢, can be modelled by n = a x 2*¢

where a and k are constants.
(a) Show that, according to the model, the graph of log,, n against ¢ is a straight line.
(2)
(b) Figure 1 shows a plot of the values of ¢ and log,,n from September 2022, the point at
t =1, to March 2023, the point at ¢t = 7.
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Find estimates of the values of a and k.
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2. Given that v = 2a 4 3b, where a and b are position vectors a = (3) and b = < 6 ) .

(a) Determine the magnitude of v.

(3)
. 1
(b) Determine the angle between v and the vector (O) .
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. (a) Prove the identity

.3 )
sin® ¢ sin” ¢ 9

— = —t 0(1 in 6
sind—1 1-+sind o ( +sin )

(4)
(b) Hence solve the equation
sin® 0 sin? 0 9 .9
sinf —1 1+sinf tan 9<1 - 0)
for 0 <0 <27
(2)
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0 = arcsin x

(a) By expressing arccosx in terms of 6, show that

. ™
arcsin x + arccosxr = 5

(3)
(b) Hence, or otherwise, solve the equation
3arcsin (y — 1) = 2arccos (y — 1)
%) (4)
L9
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5.

Four students, Tom, Andrew, Zakiyyah, Maria are attempting to complete the indefinite

integral
1
—d
/m x {z >0}

Each of the students’ solutions is shown below:

Tom /ldlenx
T

Andrew l de=klnz
T

dz =1n Az

SN

der=Inx +c

SHE

Zakiyyah /
Maria /
(a) Tom and Andrew are both incorrect.
(i) Explain what is wrong with Tom’s answer.
(ii) Explain what is wrong with Andrew’s answer.
(2)
(b) Zakiyyah and Maria are both correct, explain why their answers are equivalent.
(2)
m) Tor ’Gbrggt to tC

@ KL, = Ln xS widn T ast o tC

fo) L AX = LA £ [0 D ot

u&AA‘C//
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6. A diameter of a circle C} has end-points at (—3, —5) and (7, 3).

(a) Find an equation of the circle Cy.

(3)
I\
y
C2
R
C /
0 %"
S
Figure 2: https://www.desmos.com/calculator/a0zitxwiir
: : 8 L -
The circle C is translated by (4) to give circle Cy, as shown in Figure 3.
(b) Find an equation of the circle Cs.
(2)
The two circles intersect at points R and S.
(c) Show that the equation of the line RS is y = —2x + 13.
(4)

2T S63
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Question 6 continued
) heu code r0, )
. 2 1
Cas (X-10) ¢ (g-3y = ¢l
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7. Given that

f(x)=2x+3 forz <0
glx)=2®>—2r+1 forz>1

(a) Find gf(x), stating the domain.

(3)
(b) State the range of gf(x).
(1)
(c) Find (gf) ()
Note here that even though question did not specify, you always need to state the
domain for any functions you “found”
(5)

) foy=2x£3 &y X<O

3 (013)
C ~Hwc3

8%"‘3 = (A3 - 2(2H3) 1
= X taxtd - Ux-6+]
= Ax ¢ @x 1Y
~ 40 X¥ax+1)
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Question 7 continued
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8. A student of Mr Chan, Diogo, is proving that

n® — n is a multiple of 3 for all positive integer values of n.

Diogo begins a proof by exhaustion.

— Diogo’s response N

Step 1 n®—n=n(n?-1)

Step 2 When n = 3m, where m is  n® —n = 3m(9m? — 1)

a non-negative integer which is a multiple of 3
Step 3 When n = 3m + 1, ng—n:(3m+1)<(3m+1)2—1)
Step 4 = (3m + 1)(9m?)

= 3(3m + 1)(3m?)
which is a multiple of 3

Step 5 Therefore n® — n is a multiple of 3 for all positive integer values of n.

. J

(a) Explain the two mistakes that Diogo has made after Step 3.
(2)

(b) Correct Diogo’s argument from Step 4 onwards.

2) ) bw()“f‘}f{w} A (S’Mﬂ)[%ﬂ
Q) oty & 2 5 nood @eed) foo,

0) (Brer) (3)(nitam)
D s 1€ 0 muttipl ¥ 3
(B £2) (Bmntr) -1 )
= (3nrt1) f‘}t«fﬂ’)m«f?}

-Bntr) U3 [ 2nde bintt )
D it 1§ 0 muttipl 6§ 3

(4)

00\,\6{ V\S(QU\ % Step 5 Therefore n® — n is a multiple of 3 for all positive integer values of n.
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9.

Note that for Edexcel questions, (i) and (ii) means two unrelated questions,

they are combined into one because they belong to the same chapter/topic.

(i) The first four terms of a sequence are 2, 3, 0, 3 and the subsequent terms are given by
Af44 = Q-

(a) State what type of sequence this is.

(1)

200
(b) Find Z .
k=1
(1)
(ii) A different sequence is given by u, = b™ where b is a constant and n > 1.

(a) State the set of values of b for which this is a divergent sequence.
L5 doesuft, covverpe . (2)

(b) In the case where b = é, find the sum of all the terms in the sequence.

bcg periodiC with oider ¢

(2)

200
(o> &00 {QJM.S =) ‘{Of <

<0 [&+3+o+3:[ = koo,

<

[B AN b> o b=l
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10. (a) Find the first three terms in the binomial expansion of

2—x

V14 3x

in ascending powers of x.
(5)
(b) State the range of values of = for which the expansion is valid.
(1)

(c) By writing x = 12 in your expansion, find an approximate value for /22 in the form %,
where a and b are integers to be found.

®
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11. The variables x and y satisfy the differential equation

dy  wy
dr 1+ 22

and y = 2 when x = 0.

Solve the differential equation, obtaining a simplified expression for y in terms of x

34
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12.

The curve C'is defined for ¢t > 0 by the parametric equations
=14+t y=47-1

A sketch of C' is shown in Figure 4 below.

A
Yy

=y

Figure 3: https://www.desmos.com/calculator/qbyvqlaoh3

(a) Find the gradient of C' at the point where it intersects the positive z-axis.

The area A enclosed between C' and the z-axis is given by

b
A:/ ydx
0

(b) State the value of b.

(c) Use parametric integration to show that

A= /0 (4t2 . 2t4> dt

where ¢ is an integer to be found.

(d) Find the value of A.

(5)

(1)

(3)

(1)

38
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Question 12 continued
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13.

A curve has equation

y =asinx + bcosx

where a and b are constants.

Figure 4: https://www.desmos.com/calculator/yq7kymbzzj

The maximum value of y is 4 and the curve passes through the point (g, 2\/5), as shown

in Figure 5.

Find the values of @ and b.

(6)
Rsmixta) o Rey

Fain(AR) = A3 hen X3
% ¢yt B9 e Sgrmalmpriatreiis
T z '
:r%-(-o{‘:: -T(,"Jé O(‘_’ STCJ//

T 1
2sin(x+5) = HSIMLLALT + YokuSn's

= 23 £ A3 s
D= pnd b=A(3
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Rsin( td) = ESI‘MXE?; + flmm‘m\

Yy =asinx +bcosx Lo

o o
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14.

(a) On Diagram 1 below, sketch on the same axes the graphs of y = % and y = se(;zz,
hence show that the equation

1
~ =sec2z
X

has exactly one solution for z > 0.

y )KU k

15707 3.1415 4. 7128

SassSs

0 m 2n

= 3 - Retat
£04p) = [-0bY -
£ 06) =-1093.. 40

Diagram 1 chowvife in Sigmd Crntlnuons
over tle ffervel

(b) By considering a suitable change of sign, show that the solution to the equation lies

between 0.4 and 0.6. O‘g(, e O 6
(2)
(c) Show that the equation in part (a) can be rearranged to give
x:%arccosx L _ i_.
X T AL
2
o= LONLIW (2)

(d) Use the iterative formula

Tpt1 = % arccos T, 01'/\% X = 20
with 1 = 0.4, to find @9, 3 and x4, giving your answer to four decimal places.

N J‘Z ouas U (2)
B

an+1=0.5Xcos! an
n+1 an+1

-

2 0.5796
3 0.4762
4 0.5372

0.4
FORMULA/{ AR} GPH-PLT

46

SOHOKMATHS




Question 14 continued

(e) On Diagram 2 below, draw a cobweb or staircase diagram to show how convergence

takes place, indicating the positions of zs, x3 and x4.

0.9

N[

arccos x,

=X

El Press [EXE]

(2)
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Question 14 continued

Another copy of Diagram 1 if needed:

Y
0 m 2n
Diagram 1
Another copy of Diagram 2 if needed:
y 1
a8
S A I y=x
\y=§arccosx [l [
& { | \ - i { |
e . \\ I
01 0.2 03 04 0.5 06 08

Diagram 2
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Question 14 continued

9 VA
(60, 5)
y=fx)
(240, 1)
0 X
The diagram shows the curve y = f(x) where
f(x)=a+bsinx°+ccosx°, xe R, 0<x<360,
The curve has turning points with coordinates (60, 5) and (240, 1) as shown.
a State, with a reason, the value of the constant a. ?2)
b Find the values of k and &, where £>0 and 0 < <90, such that
f(x)=a + ksin (x + @)°. A3
¢ Hence, or otherwise, find the exact values of the constants b and c. 3)
9 a a=3

bsin x° + ¢ cos x° can be expressed in

the form & sin (x + @)° which will vary

between —k and +k

nat+k=5anda—k=1,hencea=3

b 3+k=5 . k=2
60+ a=90 .. =30
¢ f(x)=3+2sin(x +30)
=3+ 2 sinx cos 30 + 2 cos x sin 30
=3+ 3sinx+cosx
W b=+3,c=1
(Total for Question 14 is 11 marks)
Total for paper is 100 marks
52
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