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MATHEMATICAL FORMULAE

1. ALGEBRA

Quadratic Equation
For the equation ax* +bx +¢ =0

_—bi\/bz —4ac

X =
2a

Binomial expansion

(a+b) =a" +[TJQ"_IZ)+[;JG"453 +...+£n]a”‘rb" +o b,

7

F?] n! n(n—1)...(n—r+1)

where 7 is a positive integer and
ri(n—r) r!

r
2. TRIGONOMETRY

Identities

sin® 4 +cos” A=1
sec” A=1+tan” 4
cosec’ A =1+cot” 4
sin(4+ B)=sin Acos B+cos 4sin B
cos(4d* B)=cos Acos BFsin Asmn B
tan 4 T tan B

lFtan 4tan B
sin2A4=2sin Acos A

tan(4+B)=

cos2A4=cos” A—sin® A=2cos”> A—1=1-2sin> 4

2tan 4
tan2.A4 =

1—tan” 4

Formulae for AABC
a b ¢

sind sinB sinC

a’=b?+c* —2bccos 4

A= lbc sin A
2

“



@@ Find the equation of the normal to the curve y = tan(% — ) at the origin.
du _
32 =75 (5- )
_ |
2w51(§ -m)

|
n - d — ——
ot the v yX=0, ﬁ_ Z20s7(0-m

T 208%(-T)
{
Dt
-3
3!’:&9 rc- uovma(= - "l.;_ - _2_
qfnof HDVMq(:J -0 = '7—(1-0)
J=2-2xp

(b) A particle moves along the curve. When x = %, y is decreasing at a rate of  units/s.

Find the rate of change of x at this instant.

= . _'i!C_
2 ooiq(% -T)  dt

dx _ —21Twsi(- 2})
- -2m (B’

3
-_-——j_-ﬂ'

=2-47123%

= - q’.7/unf+$/5/

3]
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Show that the curve (m — 1)x2 - Zy2 = mxy + 1and theliney = mx + 1 will never
intersect for all values of m. [5]

Sub Q“Jevn'mh st

(“")xﬂ*z("“x*’),:MI(.I'“JCH)-H

(H'l)xt-z(""“l*?‘“x'”)=Mix“+wx+l
(et 2 ) Bzl

(Sh km- I):r_ L - | =0 | .

L Q'a(."'( 3‘?‘) _L}("gh ""“"'l)( |)

=4 = 12 A - ¢

= = Bm* A4t M

L b Yae = 4*- 4(-3)(-9)
= -32-&0

hence -3m* 44 -4 ¢ ﬂLWl’f\’S
._==NEGMIVE hene b*-Yyc (-an- |
-FIV’S"' OHC) < Dj there ave wo

values »€ m such thal the wrve

and ine inf‘me.f-/ '('showu)

(’ ‘I'-ﬁ,wiknruf JmP;\ wl'ﬂnhn VUOT._S‘
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@@ Given that log3p = gand log3q = 1, express log27(pq6) in terms of r in the simplest
form. [4]

bg.p=y  logeq=r
4=3

log , Cpa*)

i"3527

"

oy, )

= logap+ log (%)
log, (3°)

q *té6log,e
-
3"+ 6
3

=l

=3 +2y

M)  Solvelg(x’ + 1) + ln(x" + 1) = e. 5]

!j (x"-+f) + —’jlj_[zi'i -3

e
x:j—_ & = -
j:o' g

X =22.%3777% or x=-237779
=238, (3s5¢) =-2.38/(35()
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Explain why all the nowers of x in the binomial exnansion of (2x — %)9 are odd. [3]

Tu=(D2) (&)
(N0 (D ("
(DD

the porers of x are alvw 5\7 -2+

sine v’quPnjf"ch infe CY‘,2Y s
wven .sine. odd —even Y always odd,

1-2v s always oddl “all
in Cx’mnsion Zve o:'o(/ i DFL

(®)

Find the range of values of a such that the term independent of x in the expansion of

a 1 9
(+—=)(2x — —)” has a positive coefficient.
x x ax

[5]
fov :;"-I-crmj §-2=7
Ir=2
fivs. -1 |
wett.ob T term=(1)(2) (-)
- _ 230%
a
szs‘f’um, 9-2r=5
Ir=¥%
s e 4-2 2
LG (9
Y6o0&
= =2
femindey 2 € < 0 pepy w0
o (oriae-&)' = EE@ N
= "!'5'9‘5' -230Y% f

teve wd \
frontis ol T ORPES AN

2
2 -a" 70 /.ﬁ. A7
(57 + MJ2-2)>0
...‘ﬁcadﬁ) AND a#0

s (Bvwrey as oot of
o pren i)

i - 2““}1)&#—0/
GH: -)z .r:n-c’D; D<a -e.'ﬁ)
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7

For the function f(x) = px3 + pzx2 + 18x — 54, where p is a constant, the remainder
when f(x) is divided by x — 1 is the same as when it is divided by x + 2.

@@ Find the possible values of p. [3]

YOERT &
p(|3)+ p’(ll)ﬂs’(:)-w - P(—z)3 +F’(—z)" +18(-2) -5y
3p*-p-51=0
rz.-sf ~-18=0D
(rfé)(fﬂ) =0
F-ézo ov )o+3=O

r=5/ P =3
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(b) Given further that f(x) is divisible by x + \/g, find f(x). [3]

£ £(x) divisible 9 x+r f(-J¢d =0

£ p=6, F(-E)= (8(-5) +(e )(.r) +l8(-J6)~5%=29.72 755 #p
hene p#6

iFp=-3,fC-78) = =(-3)(- e RN 9(-J5) ~5% = O
heme p=-3 i

f ) = 323+ e -5 = 32>+ T T +Ex-54 4



> x|\«

(2, 6.5)

(64, -9)

€)) The variables x and y are connected by the equation 25T My = (nx — y)3

where m and n are constants. The diagram shows the straight line graph
2

obtained by plotting% against Zxx_?, of which (2, 6.5) and (64, — 9) are

points on. Find the values of m and n and hence express y in terms of x.

Let -2 *=k
£.5=2ktn — ©
~9 =6tk ©,

_."‘"f |
-2 e -7
2 2=2 .
..!‘g'“ P |
vn-—é/
Sub®@in O £5=2(%) +n
"=y
L
SO) 2‘1 3)(377x—j

- -2

y=7% -2 x?/
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(b) V and t are connected by the equation V = Ae Explain how a straight line graph
may be drawn using given values of VV and t and how the values of A and k may be
found using the straight line graph. [4]

InV =|\n(H€kt+‘)

nV=mA -t-hnekt”

\V\V =m A tkt t|

ln\) =kt + ’nA+’
|hV an be. P’O'H'ecq aqainst t ’( Can Le ca[wla‘fd Lj
Mmea swihj H-QJmfhfs det'&nt A wnbe found lke
this < |n A+ = vevtiaal axis i“'f'wu,af' (call this VRI)

mA=VAL-|
-

VAI
A=e /
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A particle moves in a straight line such that its velocity, v m/s, at time t seconds for a few

seconds is given by the equation v =—

@

(®)

2 . .
pi+3’ where p 1s a negative constant.

Express the particle’s acceleration in terms of p and t. Explain what the expression
says about the particle’s movement. Show all workings. [3]

B (rt+°>>

(ft+ o
(f)'{: \'3) >0
= P
(Pth)z 0

_2p
(Pt +1))1 = O

a<O

. the fmri’ cle s &eafem'hrj/
{OWIY:j J"WV

@ Express the particle’s displacement from a fixed point O in terms of p and ¢,

with c as an arbitrary constant of integration. [1]

Szf_ﬁﬁdt
:'%In{.p£+3> +C/

(ii) The particle starts with a displacement of In 243 metres from 0. Given now
that ¢ = 0, find p. [1]

when t=0, s=[n243

—%,n(O +3)= lf‘Cg)
-z |y\3 :51“-5
P

>

f’f'——::S
f .
-
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(© Using your value of p obtained in part b(ii),
6))] find the time at which the particle crosses O, [2]
s=0
-z =0
P ‘f‘ ( P t+ 3)
h(-%¢t+3) =0
- %—t+3 =e
2
- —-s-' t _— - 2_
t=y

(i) show that the particle does not change directions fromt = Otot = 7, [2]

aH’ ij
; B 0=t=7
T Vo= .z _IY
T ey 32-%ts32 3
-2=0 te—F—<
L false! 5 R 2
' e 2 o
hwu. V#O) '”\8 article does nof' 3?_ "'——s"--hf'S = 'O

tore To instantaneous res'f;hwd. it

does pot (Jw"je o‘i\f‘u_f{oy

—3:; > v 270 hen 0st=/

SN vV remamms —Ve, af’JDCs not
olnanja o'#@ﬁb%

(iii)  find the distance travelled by the particle in the first 7 seconds. [2]

2
when =7, s= "%—I"(’%”)*?’)

- -g.047
~ . 0857 _. Inﬂ'_g

- -
}

0 ¢

il ;
| “ By
7 0

dist. fravelled = (n24% +3.047;
=(3.54 0
=13.5my(3sf)
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Show that cosecz(67. 5°) = 4 — 2\/5.

s = 20s22.5° —| |
2$225°= 2 +|

Jz+2
2

0e22.5°=J2+2

052157 = sm(10°-22.5Y) =5in’(67.5°)
ap267.5°=32 12

. e . ol
JZ+2 JZ -2

_4Ja-8
R
= 0 -3

-2

So

wsec“z z C7° =

=1=232 J(chown)

Showing your workings fully, find the exact value of 7cot[sin_1(— %)].

. =1/-3 T
—Lesin (32)=T
since —%40/ q'f'h ?’Uddﬂ
T I377=(39% = 2|
g rd

O 1.3
37\

7w1'(siv~"'(' %)J = 7(__!3_,2?
=-12 1

[2]
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(© Solve 5sin’A + cosA = 2sin(90° — 2A), where — % <A< % [5]

Ssin A* cosA =7 os 2A
5(1-os ) tawsA =21 (2e05*A~1)
los*p-0spA-=7=0 |V
cos A = - (=D £ Jen*-4()(-7) y
2(1)

cwsA =0.93122MmM0or cos A= - 0:328
X =cos (043922) ©rey, wsf>0
= 0,35 0%¢5 ’
“ A=-0350%45,0.250% 45
=-0.350, 0350 (3sf)/]
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We o=

yem

P

16 cm

N = = o e

|
|
|
|
|
I
k
<

A cylinder of diameter y cm is inscribed in and is to be cut out of a plastic sphere of
diameter 16 cm.

@@ After the cylinder is cut out, there will be some waste remains from the
sphere. Show that the volume, V, of these remains can be expressed as

2048 +/256y"—y° )

V=m(=; 4
.
by puth. the , height of
AL I g{ or =m
-3 (8), = (3) (50y)

— o /2048 “'ﬁh
= T J2156- 47 )

.--rr(% - ﬁs‘;{:")‘ )//(st,.wh)
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(b Given that y can vary, find the optimal volume of the cylinder to be cut out such that
minimal waste is produced. Explain why the value you obtain is optimal. [7]

AV _ /02442645 Y
-J—j_ . 9_)155:"*_ji
; 102 by®
{"3" S‘fahonqvj Val'uts of V-’_"(s 1‘163“’-:,# -_-O

|014j3- ﬂjs =0
(1024 -6y =0

» Bl A 02¢-¢y*=0
=0 2_512
fri_j,:;:-O) ‘J‘”E =
- i j- 5
(ve), y>0)

A L3470 0 (899 =DV i aimimal

dy |
p when 4= J8i2
i‘;“.‘,?..;? NN I P 0=

wLWJTJ—%J w|,ofcjlim'¢v = W(ij’”i) 0254—(@)1]

= |23 8.220
=12%0emy (3sf)

-

mﬁ value "F;j, I/ hasa mmimam foin'c hene
waste PFOJUCIJ is minimal and or'h'mul///
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>

0 ¥

A cylindrical barrel rests on its side on the floor against a wall. These are represented in the
diagram above by the circle C v the x-axis and the y-axis respectively. A straight rod is

situated on the side of the cylinder such that it lies in the same plane as 61 and can be

represented by the line L1' The barrel has a cross-sectional area of 1001 cm”.

@ Find the equation of C . [2]

|£‘i r:]iusLG v
00w=my>

r=Zi0

Y'=iO(nv_J -ve as r>0)

sine Y-axis and x -axis tangent 1o C
C, antre s (10,10)

Iy

C,eqpn: (x-10) +(y-10)" =i0*
(- 10>* +(y-10)" =100

(a|50 a(aff 11+jq_10x -Zoj 00 = O)
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(b) Find the angle at which the rod is lifted off the floor at. [4]

! ,9)

(t0,0) (40,0)”
& >
LEO-10=30

(x,9), (10,10),((0,0) and (10,0) dorra & ir..+=¢

i of ¢y
a *‘(10,10) ts ('-0 v) J'H'(x,j) to (10,19) Cm}” c V‘[e)

Jrﬂ' 9 to (40,0) =d. s+(|0 0 fo.ﬂ,o)(fnh How ext. f'{')

L+nhj|( WJIHU’#Hoor&wl{_ 8

ia tan” (

6 =24an ( 3)

D=0.64320
=0 64%4rad
(o 269°) |

(0 Find the equation of L. [2]
Jml‘uf ’F L - 'fﬁﬂ
--'f'an (Q f‘a V'-' 3 ))

egnet L, 1y-0= *(x 40)
J .z+30/
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Find the exact coordinates of the point on C ) that is the furthest away from the

@

origin O. [4]
let This foinf be (x,up
this FT shouldlie on the civele’s
diamefer that wrosses O vhen et fonded
° =2 eqpy-0= ﬁ-—-(.x o)
J = 3,
SUBU = ,h‘fac egn: (x ~(0) +(: 10) =100
2(x-10)"=100
(:L-lo) =50
% -10 = % J50
X=10+5])2
(CM"IDT'LG 0-5J2 as x >10, s0 re;)
= 10+5J2

Simel j:;c)jzlo +5J2
°'-'H'\£f0t1f\folv1 C, furthest fiom O is ('D+5ﬁ’l0+sﬁ>

END OF PAPER
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