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1 Find the exact equation of the tangent to the curve

at the point where x = 2.
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Iny = (11 -5x)?

j'g (%&\ = 2(u- 5x)(-5)
2‘_1\ s )

x>

= —10C

X72 ) vf— Q/

j—ﬂ z - \OC(X"Z')

j:_\oamz\a py
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2 The first four terms of a sequence are given by u =10, u, = 61, uy =206 and u, = 469. It s given
that v, is a cubic polynomial.

(@) Find u, in terms of n. (3]

et Un= g\x3+ b +cx +d

| Al to= bbb Crdl a- k b=23
' pe) 6l = Satkb T2etd 4y de o

n=3 log:,}hf%}:k'\’o\
n=4 444= @,qaﬂb\o’r‘&d’o{

(ly= 474238 - kbx £ A

A(X}"(" 135" —kbx £ 24 7 25900

4+ 23K —kox-2493 20

£

!
l
|
|
|
|
|
|
|
|

(b) Find the range of values of n for which u, is greater than 25000. 2]

w73 oowne /A
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3 Vectors a and b are such that a.b = — 1. It is also given that (a x b+ a) is perpendicular to (axb+Db).

(@) Show that |axb|=
(ka-kﬂ (axk+ )

(ax\'> axb )-f(ax(o) b+ ( !g)% £ 0.h=0

|axb|" -1 <o

L lerkl=l o

(b) Hence find the angle between the direction of a and the direction of b.

9

»l;
R
=

Y
s Tl

(2[ 18]

—1
(ogE = 0

—_—

cml
’(’W’IQ’ = -l

3T
%
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4 (a) FindfCOpr cosgxdx, where p and g are constants such that p # ¢ and p #—¢. [2]
! 1 .
:f;_ (os (p-ft})x + 5 (oS (r 1,)>< dx

_oom(e)x o em (A
3 (1) L(p4)

(b) Given that n # 0, show that f.\'cos nxdy == S';: Y SO5IR + ¢, where c is an arbitrary constant,
n 3]

v
Sx<oxmxdx= LVI (innx - \(—5—\ QnUX AXK W= x L = gnx
o |
Cmnx nx — =| & — Amnx
< LR, SR 4 ax n
4
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n
(¢) Using the result in part (b) show that, for all positive integers n, the value of J; xcosnxdx can be

expressed as Lz, where the possible value(s) of & are to be determined. [2]
n
- cnx " I R
R SULSENCUAE
0
k: o ow -2
(d) Using the result in part (b) find the exact value of J‘Tlxc052x|dx. [3]
0
h a ) Y
X CIm2x coslxl 1[_7‘,9_""31‘_‘_‘5,"]
S\xcoglx\o\x -[ I ' 5 4+ Ju
0
(! t_(-Z %o ]
=K% +9) (4)] | 4-1Ee)
S
T x
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2 —1)(r+1 +1
S (a) Use the method of differences to show that m[—’—(' )gr )] =In (" n ) =
2 : o
r=2

nZ \V\y-\')-(- \w(hﬂ)_}\m (v)
Vo2
Ml ¥ W3 - Xnd

fw2 t ak - y W3
tw3 + w5 — ) Wk

clng thab— 23 Lt (D) = I
o wat
1 bt - 2al) = n (7> W2

1 Lm—l)-& n — X (+)
£ W (a-1) 4 Inlt))- > n
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(b) Show that the corresponding infinite series is convergent and state the sum to infinity.

Jm Z_ Iw (Uﬂ) = Jm W [‘*%))"\"‘7/
na¥  rsy r n->e
= M=t
-2

Cam %o (W)emﬁj t=lwl

20
(c¢) Show that Z

r=10

[(t —l)(r+l)]

where a and b are integers to be found.

2 n L(r_|)(rerl)l - E‘\ [w}] Z n U’ (ﬂdl

=10
2l ,"L..\nl)
(V\/)-O'_(nl— (‘V\al

- o 180
200

s oa=191 b=2300,

\f
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& () Uwning double angle formuloc, show that cos*8 = {(cos 40+ 4¢0% 20+ 3).

P
cos 70 - Losm-vD" e k= Juc A~ |
2 C‘Z—Qlﬂ = (0£2A

2

- 20+ 2ol
4

= Z“‘L g_o_s_l.;%k_l_ 4 )(OSJ-B”H}

= é[ (0S40 + 4cos)0’+33

(b) The fcgion R lies in the first quadrant and is bounded by the curve »* = (9 —x°)". the r-avis and
the lines x = 1.5 and x = 3. K is rotated about the x-axis through 27 radians. Using the substitutaoe

x = 3an@. find the _:xact volume gencrated.

Vo"‘ X“ﬂi Ax =% p="
5 - . U
- % x=3 62
= g 1 [‘1—10#0’) 3wtf d¥ x= 3Eme
V/ oAx
h ¥ T 2 (ostr
= 3'“] ’1 (s b d&
-n/‘
g 'ﬂ['a.
= _\ls (oS 46 + 40820 3 db-
8 'n,,,
81 anl® 4 emI6 i
S e, 2]
Qv [ 3 3 i
S ACRCAREED
ALY
-F(-10)

I € ULTAD & ML Juds - _—
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[Continued)
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7  The function f is defined by

2x+4
I-x[

f:.\'—-’

(a) Sketch the graph of y = f(x). giving the equations of any asymplotes and the coordinates of the

3]

points where the curve meets the axes.

N

—_—— — — —
—_— e = =

\/ (0,4"3:)

xe R, x#3

210

(b) Hence state the range of f.

Ri (0, )

(¢) Explain why the function f 2 does not exist.

])fi (-v,3) V(2%
Ry & D

9758/01/0/N/23
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13 e

The domain of fis further restricted to x < a. where a is a constant.

(d) State the greatest value of @ such that the function I ' exists. [1]
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z=-2
ped

(e) Hence find ' (x) and state its domain.

y= - T
—j(z-x) = Xt
yj— }j = x4k

*(y-2) = 4+3

X= _ﬁéﬂ-
3—)_
?4(7‘>= 4 4 3x D, [0,1)

x-2 4

I © UCLES & MOE 2023 ﬁ 9758/01/O/N23
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8 Do not use a calculator in answering this question.

(@) (i) Expressz, where z=—1++/31, in the form re’®, where » > 0 and —n < § < . (2]
Zm
t=1le
- ; 2z z"
(ii) Find the smallest positive integer value of »n such that * is purely imaginary. [3]

2" . %
- % = - 1t
“‘(ﬂ ( H.*) navo € 1%
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T
- 3k
!
k=2 n=2 X
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(b) Find the complex numbers v and w which satisfy the following simultaneous equations.

v+|w|=1 @

Jv—iw = —3+4i @
Give your answers in the form a+ib, where a and b are real numbers.

Let Vo ,aem

@ _iw=—3’3a+4i
iW - 3+da - ¥
liw\=\[5\-’;l%a+%""”

o (wl = e £i8at2s

®  |wl=1-2a

9 ]95% 4180425
9p> 4180525 = |- 40t 4o

= \’20\

Sat4llatlh=0
(@+2)(5 ati) =0

_I1L
0\9"2 oy 3

(5]
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1 B

2
The line /, contains the point A with coordinates (=3, 1, 2) and is parallel to the vector | 1 |, where a is
a
a constant. The line /, has equation "';2 = y; : =z—>5.Itis given that /, and /, cross at the point B.
(a) Find the value of a and the coordinates of B. (5]

Q‘-. Ve ('1)10((2) wheve o R

R, e (%)f ﬁ(i) whee  AER

5 |
S34do=-2 432 = 2437
|+0(= ‘1’17\ = ol = lﬂ
Soasl =)
1tdo=b
0:d

E(‘/&/L) &\
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(b) The plane 7, contains the point A and is perpendicular to /,.

(i) Find the shortest distance from B to n,. (3]
3 -3 3
ﬁ(.' V'(2)=(|>(2>=‘5
| 2 f

[ef T, be pWL fammlyﬁ rowd’ B and Paﬂ(ld tv T,

e (e

_ 26 _ (oS¢
(i) Hence find the acute angle between /, and =, . [2]

2)-(3)
13)13)

G- 62.98° = 630

mh =

(¢) The plane 7, is perpendicular to 7, and contains /, . Find a cartesian equation of x,. [3]
1-'l \-4 -3
[)<(}) =fe)-(5)
L -
. b/ 3y (-3
) - -
. LY. = . = |
LTy Y (ﬂ— (1) ()"

“13 ‘?)X'fl‘(v‘fa=|5 X

| © UCLES & MOE 2023 9758/01/0/NR3 [Turn over I
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18 =

The mass of a person depends both on daily rate of energy intake and on daily rate of energy expenditure.

In this question, mass is in kg, time is in days, and energy intake and energy expenditure are measured
in Calories per day.

The rate of change of a person’s mass with respect to time is proportional to the difference between
energy intake and energy expenditure.

Andrew has a mass of Mkg and his energy intake is fixed at C Calories per day. For every kg of his
mass, he expends 30 Calories per day.

(a) Show that % = k(C—30M), where ¢ is time and k is a constant. (1]
dwm
“— L GV\ - UV\+)
ot

= \L((_« ;OW‘>

Andrew’s initial mass is 110kg.

(b) Find the energy intake such that he maintains his mass at 110kg. [1]

o C=110(30)
= 3200 (a\owfb/daj
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As part of a new health plan, Andrew fixes his energy intake at 80% of the value found in part (b).

(c¢) By solving the differential equation in part (a), show that Andrew’s mass while he is on the plan
satisfies the equation M = 88 +22¢ 3%

C= liko

oM
dt ~

o _ (.\6‘&0 -30W\>

- 30k (98 -m)

|
S 25— m dwm

NI
g8-m

\

)}

t=0
gg-m=-2e

M= 3§ ¥ 2e

| © UCLES & MOE 2023

J 30k dt

Wkt ¢
A c
w= |0 A=-22

-0kt

- 3pet
X Qhown

YTSWOL/O/N23

[4]
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10 [Continued]
Andrew’s mass after 75 days on the plan is 100kg.

(d) Find the number of additional days required on the plan for Andrew’s mass to fall below 96kg.
(4]

- et
M= 9§ t 2e
t= 3,—5 m= (00
i -ustk
—}—1—
\Z

ts 1251+

at ltast 50.20 al«JR

% 5l dfjs
(e) (i) Sketch a graph of Andz‘rb\y’osoryz(s‘s. M)Te.oromigﬁimmﬁxb)ain why Andrew cannot achieve a
mass of 80kg using this plan. [2]
M A
fO -
R _______V\/P—gg
7 t

From %vo\‘,\,\ R A R 115
Rodvew's meg  will  nevey veech ?0\’_3 :

(i) State the range of possible values of energy intake for which Andrew could achieve a mass of
80 kg. “]

0 ¢ C<Z 1u0d
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11 Wei is saving for a property that she intends to buy in the future. Wei needs to save a minimum of

$50000. She saves regularly in an account which offers no interest. She makes an initial deposit on 31
January 2021 of $a. Each subsequent month, she deposits $50 more than she deposited in the previous
month. Her final deposit is made on 31 December 2023.

(@) Find, to the nearest cent, the smallest value of a so that she saves at least $50 000. [2]
2
Q. - —ﬁ—( Aot 35(S°)> > 50000
3b 2
a y$513-88

Wei has arranged to purchase a property on 1 January 2024 with the aid of a loan of $400000. The
terms of the loan are that interest of 0.1% is added to the amount owing at the start of every month, with
the first interest amount added on 1 January 2024. Wei makes a monthly repayment of $x at the end of
every month, with the first repayment on 31 January 2024.

(b) Show that the amount, in dollars, that Wei owes at the end of » months is

400000 x 1.001” — 1000x(1.001" — 1). 3]
n Lot Ewd
| | 400000 (1001) 400 0001001 ) - X

2 E400 000 [l.oo() -x}((.om) [‘_4000 00(1'0"\) - X]CL 001} —x

400000 (1.90()°— x (1+ [-001)

) *j
n 400000 (1-001) =X (14 kool £...+ Lol

L}
3 1-00! -1
Amt owned: 409 000 (1-001) ’XL Lool—l]

= 490000 ((.oo\)“_ |000x(\-00i"-—\) p

97SWOI/OIN23 |Turn over I
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11 |Continued]

(¢) (i) Suppose that the loan is repaid in 360 monthly repayments. Find the value of the monthly
repayment to the nearest cent. (2]

400000 (l.oo\)m- looox(\-om’”-\) =0

X :#(323'63

(ii) Use your answer to part (c)(i) to calculate the total interest paid on the loan in this case. [1]

Tot: $ F6508.52
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(d) (i) Now suppose Wei decides to repay the loan at the rate of $1600 per month for k months, plus
a final monthly repayment of $y, where y < 1600. Find k and y. [4]

k
400000 (I.OO\)K— looo(woo)(x.om -\) =0

we G-C | K=z )%+

y= £(320.22 X tool
= 33153

(ii) Hence find the total saving to Wei by making the repayments in part (d)(i) rather than the
repayments in part (c)(i), giving your answer to 4 significant figures. 1]

§ioisr1 m 415910 (4¢3
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