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List of Formulae

Derivatives Integrals
(Arbitrary constants are omitted; a denotes a positive
f(x) £'(x) constant.)
) 1
sin x _ f(%) [F(0dx
1-Xx
4 1 - ! - Liant (zj
COS™ X e X“+a a a
1 . (X
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1+x° a’—X a
— 1 X —
COSEC X COS €CX COt X : 1 2 —In( aj (x>a)
secx sec x tan x X" —a 2a \x+a
1 1 a+Xx
—In| — X|<a
a’—x° 2a (a—x] (X <2)
1
tan x In(sec x) (¥ < En)
cot x In(sin x) (O<x<m)
COSEC X —In(cosec x+cotx) (0O<x<m)
sec x In(sec x +tan x) (¥ < %n)

[Answer all the questions on writing papers. Up to 1 mark will be deducted for poor
presentation.]

1 () Find | xe* dx. [2]

(i)  Find dx. 2]

(iii) Hence find the general solution to the differential equation

dy = xe* —4xy’e*. [2]
dx
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2 The curve C has equation y = 7

(4%+9y

33

(i) The finite region bounded by the curve C, the line x = N and the x-axis is rotated

through 2m radians about the x-axis. Find the volume of the solid obtained, giving

your answer correct to 3 significant figures [2]

33

(i) The finite region bounded by the curve C, the lines x = — y =1 and the y-axis

is rotated through 2n radians about the x-axis. Find the volume of the solid

obtained, giving your answer correct to 3 significant figures. [3]

3 A 1500-litre tank contains 600 litres of water with 5 kg of sugar dissolved in it initially.
. . 1 .
Sugar solution of concentration c kg per litre enters the tank at a constant rate of

9 litres per hour. A well-mixed solution leaves the tank at a constant rate of 6 litres per hour.

Q, 20 3 p
200+t 5

(i)  Denoting the amount of sugar in the tank as Q kg, show that

(i) Using the substitution u = (200+t)2 Q, show that the differential equation reduces to

du 9 2

— =—=(200+t)". 3

dt 5( ) 3l
(iii) Hence, find the amount of sugar in the tank at the time when it is full. [6]

4 Alice has 3 red, 3 blue and 3 yellow dominoes.
(a) Find the number of ways to arrange the dominoes in a line if
(i) there are no restrictions, [2]

(i1) the red dominoes cannot be all together. [3]

~ The End ~
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Whet s wrony Wi Fue followivg?

ot u=e* =
uzex

V= X

Joe® dx = () - {5 (e*) tx

1 Solution [10] Integration Techniques | You et £o vealie The, ivitegvel
(a) Lo x dv o i5 getting wmcee Cowplicatad. JfL §
xe* dx=xe* — | e"dx TT dx | |How do we determing the vole
of Wod 807 | iy
du _ 1 v=¢ InceeuSing %: tan), Sin!, 5"t
=xe*—e*+c dx order 4o be ¥ 40 i
LF'I“ ’ - ez évx
b num-ﬂis-\wk—ﬁﬂh—“-@@ﬁ. D
®) 1 dx ° Note thok from MFG )
1-4x? sz\JZ;" Ax =3‘7\‘“\%‘\+c — ()
1 [ o U&H ), W dRdu®, ¥k .
2lak
=:‘J Tl e el
where T & & fuvefion n
_1f 1 jie2x *In s Case, \
) 2(1) 1-2x W'F'—'-Q‘&;W% =9
* The actual representation of fue, fowsla i ME26.
:1|n 1+2x Ja,‘—_-x,dx -_-.3.1;“\ “:_’;)1-(’. where (X< o
4 1= Tt dowmoin, 1x1< . s gjoan ond ensanes (3E25)70, wfukig ln(%‘%) well defined.
* In genend o diwaits in iwtagrol is net proulded
Alternatively 3se, -ﬂ\u(.n mam s?;nsft: the &Wi*“ P"f '9:"“‘"“" e '“I%\
1 To excwe tha |99 eqression is well Oefimed )
> dX
1-4x
= L dx
J (1-2x)(1+2x)
o & Paddial Fractions
= —% +—% dx
J 142X 1-2X  ppgiute vale o loyarisum
1 EIn|1+2x|—1InTi—2x| +C
2|2 2
1, [1+2x
==In +C
4 |1-2x
i) | dy

J

1-4y? dx )
] lntv.gm bollh gide. W.rt X,
dy = | xe* dx
1-4y? y I
1+2y =xe*-e*+¢
1-2y

4

L

—= = xe* —4xy’e* = xe* (1= y*)
X L. Factoriee 0wt all Hhe X tarms ) 50 Thek (x tum)
(Y toms) are Sepurated, .

Move all Has, Lgﬂ:ms) to tha swume side as%‘;

1 dy e Z-JXCX 31‘___0“1‘
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2 [ Solution [12] I

(|) MORMAL FLOAT AUTO REAL RADIAN HF n

3,
a

© Sketdn pe gvaph +o Vlsuq,l.,-u_,
Appl te
Volume of solid formed = "J T @ i) appropfia

formulo.-
343 2
2 3
2
=7 X—3 dx
2 2 4—(): Decide wheihe— Cxact valve
o (4X +9)4 ® ormkhbef?eﬂd:ﬁ
to certuin deares ® Accuya
&C sten|s =0.09375n e 3 dec p:'aam. |3 sisn“r{i‘t!v& -E{Su.es.
[ ‘C =0.295 units” (to 3sf) " e wmndon O Gt oo
&ﬂa.skaol‘«oram-(:o‘oecMB S. b Used "o gety tha dus

(ii)

| % Sketcdh approprinte diagroms
t0 help Weu Yosuo.li.

B

L’W\J

Fouud m (i)

r’v-ll pp—

Volume of solid formed
=Volume of cylinder — volume of the solid in (i)

— (1) (BIJ 0.09375x

=7.86757
=7.87 units® (to 3sf)

RVHS 2023 JC2 H2 Maths Lecture Test 1





































Show: This is & proving QL.
&0 this Statenent musé be

(200+t) dt ]d 200+t ’\Obee/ue-tmi

«| Sub into differential equation ~ this is fie

Q, 2 _9
dt 200+t 5

1 du_9
(200+t)" dt 5
du_9

200+t)° (shown

Alternatively, 5 & 30%“, ek — @

=(200+t) Q *—The iden. it %o replace ‘-‘% onk
. dU
with ro and u.

u
JQ=——— (1
(200+t)’ )
(- _& 2 _,
dt  (200+t)" dt (200+t)
Sub (1) and (2) into @, 2Q 9
dt 200+t 5
1 du 2 2 9
2 1 FU+ sU=—
(200+t)" dt  (200+t)"  (200+t)° 5
1 dug9
(200+t)* dt 5
du 2(200+t) (shown)

Qi (%)

3 c,!e.ailg wrifien,
(1) aQ =rate in — rate out
dt L yaubipl; of (9) wits(E)
1 Q For tig, vote|in q,uanﬁ-g rausg
o2 o2y
5 600+3t)  Sowe f- e p‘m.n o{ () oty e For " vace out ¥
9 2Q Nute: Yoluwme off Soluticn in tank.
=—— after- time
5 200+t = lnitia] Awt + N&E Flow i abter £ howrs.
:>d—Q+—2Q =g (shown) = bog+ (- 6)t-§h~ owhk awrt in on our
dt 200+t 5 - How in awmt in an hour
R e gi R PNsSIoN
() .| u=(200+t)°Q 4/’%’:9“&9,333«5 brovt, » imuntoek
du do - Diftemnticte with respect g t
= (20048)" €+ 2Q(200+t) o Appiorio f presect e B is ¢ yavibte i o f ¢, NUT w ONSTANT
Commen | Mistokg =~ W= (300+ £)*
1 du_[dQ 2Q g4 = 300+ I Treat sgg X

s oo of i+ Brp=m
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(iil) [ du

dt

(200+t)°

i
5

3
9(200+t)°
5 3
3

—2(200+t) +c
= (200+1)

(200+t)2Q:g(200+t)3+c

3 c
=—(200+t)+ ———
Q=5 ) (200+t)°

Whent=0,Q =5.

3 c
5=—(200)+(200)2

5

¢ =-4600000

3 4600000
Q=2(200+t) - ———
5 ) (200+t)’

Capocity ~ infhial Awt 1500 boo
i T - P pow — 3

Tank is full when t = 300

3 4600000
= 2(500) - =28 .6 k
Q=5(500) (500’ ’
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Question 4

Alice has 3 red, 3 blue and 3 yellow dominoes.

?a) Solution [8] P & Cg' (a) Find the number of ways to arrange the dominoes in a line if
(i) Number of ways = 3!3i3! =1680 (i) there are no restrictions,

(ii) the red dominoes cannot be all together.
(i) |

Number of ways :1680—l =1540, l

313! (omimen Mistake, -
Cannce all togethey—,
S genarally vt yost,
all separied, . Reterare

Alternatively after,aty .
- Solu:
Casel: red dominoes are all separated . X O X0 % _ % _\ T Soldfod.

L (7 T
Number of ways = i>< =700,
3131 (3

Case2: 2 red dominoes are together with the other one
separated from the group of 2.

(7 —XOX_X00
Numberofways=%x[2]x2!:840, KB X —X —

Total number of ways = 700+840 =1540
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