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Section I

10 marks

Atfempt Questions 1-10

Allow about 15 minutes for this section '

Use the multiple-choice answer sheet for Questions 1-10.

1  Which expression is equal (o Jtan xdx?
(A) secix+e
(B} —ln(cosx) +c

tan2 X

© =

+e

(D) In(secx + tanx) +c

2 Which pair of equations gives the directrices of 4x2 - 25y% = 1007

25
(A x=t—

29

: 1
B) x=t—=
J29

(€) x=+29

B
D) z=s

3

The Argand diagram below shows the complex number z.

b
1_
b4
o ]
Which diagram bast represents 27
Ay ¥ 3 vy 2
14 ' 1-
2
0 1 X 0 1
© ¥t ‘ ®
14 14
2
z
0 1 x 0 1

The polynonﬁal equation 4x> +x%>—3x +5=0 has roots &, § and 7.
‘Which polynomial equation has roots e¢+1, f+1 and y+' 17

(&) 43— 1x2+7x+5=0

(B) 4x3+x2~*3x+_6=0A

(© 43+13+1Ix+7=0

D) 4x*-2x*-2x+8=0



$  Which region on the Argand diagram is defined by %S ]z _ 1|s %? : ' 7 The angular speed of a disc of radius 5 cm is 10 revolutions per minute,

What is the speed of a mark on the cireumference of the disc?

@ (A) 50 cmmint
1 .
— cm mi
(B) > cm min
* ' (C) 100mem min™!
- | ’ (D) 1 em min~’
- 4
© . .
8  The base of a solid is the region bounded by the circle x* 4 y®= 16. Vertical
cross-sections are squares perpendicular to the x-axis as shown in the diagram.
x
?
X
6  Which expression is equal to J’_lw__ dx? Which infegral represenits the volume of the solid?
- Vxt—6x+5
. . ] o4
_ o (A) 4x? dx
(A)Y sin” [ 3 ]4—0 . Joa
r4
' i : " (B 4mx? dx
) cos” [x23]+C y i J
N .
: \ - L )
© In[x—345\/(x—3)2+4)+c o . © | 416~ *)dx
~ . . __4
> - . ) rd
@ Wfx-3+(x-3)"-4 |+ ) 41:(16—x2)dx
. . . - J-q




.9 Which diagram best represents the graph y = %ﬁ ?

(A)

b

©

=y

10 A hostel has four vacant rooms, Each room can accommodate a maximum of four people.

w9

®)

5]

ad §

In how many different ways can six people be accommodated in the four rooms?

@A)
®)
©

)

4020
4068
4080
4096

Section II

90 marks |
Attempt Questions 11-16 _
Allow about 2 hours and 45 minutes for this section

Answer each question in a SEPARATE writing booklet. Extra writing booklets are available.

In Questions 11-16, your responses should include relevant mathematical reasoning andfor

calculations.

Question 11 (15 marks) Use a SEPARATE writing booklet, -

{a)

—

)

©)

@

(o)

Let z=2-if3 and w=1+i/3.
() Find z+ .
(ity Express w in modulus—argument form,

(iii) Write w?* in its simplest form.

Find numbers A, B and C such that -

A 4+Bx+1l A- L BxaC
(x—-3)(x2+2) =3 x*i:2

Pactorise z°+4iz +35.

. B 1 ,‘ - o
Evaluate j 1 - x? dx.
0

Sketch the region on the Argand diagranmi-defined by 2+ 7t <8.



Question 12 {15 marks) Use a SEPARATE writing booklet. . Question 12 (continued)

x
. o X , 2 .1 . , T :
(a)  Using the substitution = tang, or otherwise, cvaluat_eJ‘ mdx 4 (@ The points P(cp, %] and Q(r_‘q, g], where | pl # Iql, lie on the rectangular
¥ o ‘ 7
hyperbola with equation xy = &
fo, - X : oo - The tangent to the hyperbola at P intersects the x-axis at A and the y-axis at B,
The equation log, y — log,{1000—y) = = — log 3 implicitly defi 2 3 : - : . S
® ¢ cquation 0g, ¥ ge( )') 50 08, - Tmpheitly €o mes?a as : Similarly, the tangent to the hyperbola at Q intersects the x-axis at C and the
a function of x. ' T y-axis at D. .
' d
Show that y satisfies the differential equation DT s .
dx 50 1000
(¢} The diagram shows the region bounded by the graph y= ¢, the x-axis and the 4
lines x =1 and x=3. The region is rotated about the line x=4 to form a ‘ c
solid. . >
: . AU x
y ; 4]
bs
(i) Show that the equation of the fa_,ngcnt at Pis x+ pry=2¢p. 2
(iiy Show that A, B and O are on 3 circle with cenire P, .2
[7) A i x (ili} Prove that BC is parallel to PQ. 7 1
Find the volume of the solid.
. . \ ) . T End of Question 12

e .
"Question 12 continues on page 9 -



Question 13 (15 marks) Use a SEPARATE writing booklet. Question 13 {continued)

1 n ' :
(a} Tet In = J (1 - x2)2 dx, where n2{Q is an integer. (¢) The points A, B, C and D lie on a circle of radius », forming a cyclic
g ’ ' quadrilateral. The side AB is a diameter of the circle. The point E is chosen on
: the diagonal AC so that DE LAC Let = 2£ZDAC and § = LACD.
. n .
{iy Show that I = n—+f1"‘2 for every integer n 22, _ -3
{(ii) Evaluate I;. 2
(b) 'The diagram shows the graph of a function f (x)
’ . \
.......... 1 ‘-
(i) Show that AC=2rsin{a+B).
5 . (i) By considering AABD, or otherwise, show that AE=2rcosesin .
X .
(iif) Hence, show that sin(e+ f)=singcosf +sinfcosa.
Sketch the following curves on separate half-page diagrams,
@ ¥ =r{x) 2
) : End of Question 13
Gi) y=—'— : 3
: 1- £(x)

\

Question 13 ¢ontinues on page 11

—16- ~11--



Question 14 (15 marks) Use a SEPARATE writing booklet.

(a) The diagram shows the graph y=Inx.

¥
y=lnx

By comparing relevant areas in the diagram, or otherwise, show that

1nf > 2(:-1-], for > 1.
’ t+1

(b) Let z2'=1+i and,for-n>2, let z, :z'n_l[lﬁ- |'l 1] N
T

Use mathematical induction to prove that Izn l= \/; for all integers n=2.

Question 14 continues on pageé-13

12—

Question 14 (continued)
. o 5 ()
{c) {i) Given a positive integer n, show that sect" Q0 = E k tan** 9.
) ) k=0

(ii) Hence, by writing sec®0 as sec®O sec?6, find szsﬂ de.

(@) A triangle has vcrliccs_ A, B and C. The point D lies on the interval AB such that
AD=3 and DB=35. The point E lies on the interval AC such that AE=4,
DE=3 and EC=2.

B

NOT TO
SCALE

(i) Provethat AABC and A_AED'are similar,
(ii) Prove that BCED is a cyclic quadrilateral,
(i) Show that €D =+21.

(iv) Pind the exact value of the radius of the circle passing through the points
B,C,Eand D, T R T o .

End of Chiestion 14

13-



Question 15 (15 marks) Use a SEPARATE writing booklet.

(a) ‘The Argand diagram shows complex numbers w and z with arguments ¢ and & 3
respectively, where ¢ < 8. The area of the trfangle formed by 0, w and z is A,

Z ’ ’ N

Show that zw — wZ = 4iA. , \

() The polynomial P(x)=ax®+ bx® +ex®+ e has remainder —3 when divided by
x—1. The polynomial has a double root at x=-1. °

(i) Show that 4a+2c=—-%. S ' .2
(iiy Hence, or otherwise, find the slope of the tangent to the graph y = P(x) 1

when x=1, :

{¢) Eight cars participate in & competition that Tasts for four days. The probability
that a car completes a day is 0.7. Cars that do not complete a day are eliminated. -

(i) Find the probability that a car completes all four days of the corpetition. 1
(i} Find an expression for the probability that at leadt three cars complete all 2
‘four days of the competition, \

Y

" Question 15 confinues on page 15

— 14—

Question 15 {continued)

(d) A ball of mass m is projected vertically into the air from the ground with initial
velocity . After reaching the maximum height # it falls back to the ground.
While in the air, the ball experiences a resistive force kv2, whiere v is the velocity
of the ball and k is a constant.

The equation of motion when the balf falls can be Written as

v = mg — kv’. (Do NOT prove this,)

L C o ’ n
(i) Show that the ferminal velocity v, of the ball when it falls is Tg

(i) Show that when the ball goes up, the maximum height H is

2 2
4 U
H=—Im{1+7}

2g v

T
;
(iii) When the ball falls from height & it hits the ground with velocity w.
" Show that % = ‘%'.,. iz
W u ¥
T
End of Question 15

— 15—



Question 16 (15 marks) Use a SEPARATE writing booklet.

(@ (¢} Find the minimum value of P(x}=2x> —15x%+24x + 16, for x20.

(i) Hence, or otherwise, show that for x20,

(x+ 1)[;:2 #(x+ 4)2J > 2522

(iii) Hence, or otherwise, show that for m >0 and 520,

100

- (m-l'-n)z '1“'(??14‘)1'1'4)2 zm.

(b) A small bead P of mass m can freely move along a string. The ends of the stl@ug
are attached to fixed points § and §’, where ' les vertically above §. The bead
“undergoes uniform circular motion with radius r and constant angular velocity @

in a horizontal plane. :

The forces acting on the bead are the gravitational force and the tension forces
along the string. The tension forces along P§ and PSS’ have the same

magnitude T, :
8
o
- e
4 0
N s

The 'lcngth of the string is 2a.and §§"=2ae, where 0 <e <1, The horizontal
plane throngh P meets $5” at (. The midpoint of S5’ is @ and §=£8'PQ. The
parameter & is chosen so that 0Q =acos6. : .

Question 16 continues on page 1’}

16 -

Question 16 (continued)

(i) What information indicates that P lies on an ellipse with foci S and 7,

(i)

(iii)

6y

(vi)

9 -
“Show that tan9=—’% 1-e?,

and with eccenfricity e?

Using the focus—directrix definition of an ellipse, or otherwise, show that
SP=a(l - ecos8).

e+ cosf

Show that SEH‘B = m .
£C03

By considering the forces acting on P in the vertical direction, show that
2T(1 - ez) cosd
mg=-—————

1-e2eos* @
Show that the force acting on P in the horizontal direction is
g 2TN1- e sing

mret =
. 1-elcos?o

End of paper

17~
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2 (A) The equation can be written as:

2

L a=Sandb=2.

A

527

Sinceb? =a*(e? 1) then

™)

(A)

_Na b 52 V2
R E
Equations of the directrices:

Since Izl <1

1| <l

} ‘and arg(zz) = Zarg(z) .

Let x=a+1,.. a=x-1, )
a(x-1) +(x-1) -3{x-1)+5=0
4f@-3¢ #3r-1)#{x ~2x+1)-3r4348=0

40 1104 7450

20143

DA

5 (B) z lies between 2 circles, centre (1.0},

radiiﬁanﬂ"—g.r
\_,’“’3"4 3

6. (D) By completing the square
' 2 —6x+5=(x—3) -4

dt:J J(x—ﬁl)l—f -

1
\J Jx’—§r+5

V=4j:16—x’ dx.

& ) Page 72

o ' ;m(pe.+.}(x-3)1~2‘)+c.
7 € v=ro,
where @ =2xf
=2xx10
=20z .
S ov=3%x20x
=100#.
8 (C Area=(2y)
=4yt
=4(16--27)

2013 Higher Schoo! Cedificate

9 (B Letf()=

10 (A)

sin x
X
.y sin(-3)

Fen= 20

__—sin(x)
I
_singx)
T ox
=fx

o f(x)is even

and Tim 32 g
=+

So f(x)is symmetrical about the
y-axis and curve approaches the
poixt (0,1) with x=0excluded.

Each man has 4 rooms to choose from,
hence 4° = 4096 with no restrictions.
6 in 1 room can occur 4 ways,

5 in 1 room can oceur C; *C,°C, waya.
Thus the mamber of ways is:
P(X)=total - (6 in room ) — (5 in room)
=454 - 'cfc’C,
= 4020,

SECTIONH

Question 11

@ M

(it)

(i)

®

z+3=2-iV3 +{1-i3)
=3-i2/3.

Method 1:

|wi=,‘}11+(\/§)2 =2

arg{w)=tan™ (\E) =F

3

w:2cz'sir-.
3

OR

Method 2:

W=vi+3=2
w=2(i.+£iJ
2z 2
=2(cos£+isin£]
3. 3

= 2ct's-’—r-.
3

W = 2%’:[24 xgj

= -22"cfs8;r . (J

=224 ]

P48l A BxiC
(x~3)(x2+2) x-3 142
7 48x+11= A(x +2)+{Br+C){x-3)
={A+B)x +(C-30)x
+{24-3C)
A+B=1 = B=1-A
C-38=8 =» C=11-34
24-3C =11 '
24-33494 =11
114=44
A=4
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Pl Ao o R

©

@

F48x41l 4 Bx-l
(-)(F+2) #3 42

Method 1:
By inspection:
2t +4iz+5=(z—

i){z+5i).
OR
Method 2:
~ 4ix 16t - 4(5)
B 2
_ 4436

_ k6
2
=i or -5
2 4zt 5=(z-i){z +50).
Let #=1-x"
QNE— —2x
dx

ndu=—xdx
When x=0, u=1
x=1, u=0

J.:x’ 1= de= 512 xde

(R -

=] -y
Nry

_[“_3_1‘“]1
35,

Q)] Let z=x+iy
T +T —(r+zy) +(xﬁry)
st +2iy -y +x —2ixy—y*
:2(x —yz)
Thus

2P+7 <8
2(.11—')12)58

Question 12
() Let t=tan
2
1
cosx ::LEE- dx= —2'—2~dr
1+1 1+t

When x=0, =0

il
o 4+35cosx
[

1 2

—r
A+ 5[ J *
147

2

1
._J04(1+r’)+5(1—t2)d‘

1 .
=J-0§:Tdt

:ZJ‘U—H_(BH)I@_O dt

I

2013 Higher School Certificata

e
)

=1(1112f1nl
3

=l!112.
3

m ]nygln(loOO—y)=g%Hin3
By implicit differentiation:
1 dy 1 dy 1

A.X__
y dx 1000—y dx 50

1
[y 1000 y] 50
dy{ 1000—-y+y
dr

L .

y(IOOO y)

‘L)’
dx

" Thus

1 2 3 5 8§ 7

The volume of the eylindrical shell

Y is given by
OV = 2arhdx

=21r(44x)e’ dx
o Y:Zirj.:(ttux)e’ dx

()

M

(if)

Tet u=4-x, du=-—dx
dv=e¢", v=g"
={ (4-x)edx
=[(4—x}e‘]:+_[:e‘ dx
=[(4#x)e’]:+[e‘]j
=[(4~x)e’+e‘-:|z

= [(5 ~x)e ]?
=2¢* ~4e
LV =27(2 - de)
=4xe (ez - 2) .
o=c
Cy=oty
% =—cix?
o .g
xl
When x=cp
&__ ¢
dx cip'l
1
7
Equation of the tangent is:

¢ 1
yo e (x—¢
7 pz( P)

ply—cp=—xtcp
x+ply=2¢cp.

At A y=0 ~x=2¢p
and A is (2cp,0).

At B,x=0 - 2¢

and B is [0,—23].
P

or= [(ep)’ +[i)1

P
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okl e |

OF

' BP; J(,:p_—o)2 +(%—%:T

(3]

=0P
+ A,Band O lie on a circle with
centre at P as required.

{iif) Using similar methods, the equation
- of the tangent at @ is x+4"y = 2eq,

2
and that C(2¢q,0) aud D(O,?c} .

2 %
P
0—2cq
2 1
—x

p g

Mee =

Pq .
. -BCIPQ as required.

Question 13

1 a

@ @O L=](-Fpa

a. 1

Lﬁt. = (1—11)3 y du= "?Lx(l-;(l)?] dx

N1 2

o

=nJ':(x* ~1+1)(1—-xl)%-| dr

[ e

+nJ:1(1—12);_l dx

= —nJ‘ l(bf)(l—f)%l dx

0

enf () s

n-2 n
=-nl +nl_, since——=-—-1
na i 1 2 2

n(n)I, =nl,,

n
=
TS

5

(i) Iszgls .

3(2)

6l 4

5

:.8-]"

and Ilﬁjl(l—x‘)%dx
[}
= L:Jl-‘xz dx .

since I; y1-x" dx is the area of the

first guadrant of a unit circle.

Page 76 -

2018 Highar School Certficats

L

b O

AN 4
N/

PG F=10

(i) Reflect f(x) about the x axis then
shift the entire graph up 1 vnit.

Pt i)

1

Now sketch ¥y = -
: 1= f()

¥ s

Fr1-fa)

Z/ADC =180°—(ar + ) (L sumof &)
ZABRC =a + f (opp. £s of cyclic quad,),
ZACB=%0° (£ in a semi-circle)
~. AABC is fight angled.
. AC
sin /ABC =—
AB
, AC
in{a+ f)="—
¥ ( "B) 2r
AC=2rsin(a+ 8).

(i) £DBC=/DAC =g (s on same arc)
i ZABC=g+ g from part (j) .
~ ZABD=f

n AABD,
ZADB=190° {/ in a semi-circle)

. AE=2rcosasinf.

(iif) S'ii:pilaﬂy EC =2rcos fsing
’ " AC=AE+EC
rsin{e+ 8} =2rcosasin f+2rsinacos f
sin (e + B} = cosarstn f+sinacos f.



Mathematics Extenslon 2

Question 14
¥
@ -
I/ £
Consider the area under the curve
and the area of the triangle:
[nxds > (- 1)Int
! 2
[xlnx]" —J‘II‘—l*dt > l(r“l)lnr
! y X 2

[xlnx]:—f:dt>%(t—l)lnt
[xin ] —[x]; >1(:—1)1m
(tnr—0)—(t-1)>
2t1m~2(r—1)>th1r‘—1nr

thnt+int>2(r-1)
tnt(r+1)>2(t-1}

(r 1)ing

m:>2['§1) for > 1.
t+1
® =l

=+

Vi

Assume it is true for some n=k

Lhen\zzi=sf,€.

Por n=k-+1,

[H—t]
=z,(1+ﬁ] fromn =k

laL )

e

|200] =2

14

=JEk+1
s true for n=k+1.

By the pmmple of Mathematical
Induction it is true for all n2 2.

@ @ secd=(sec’d)

=(1+tan* 6)‘
-S(i)r e

LINS
= tan™ 8,
56

(i) Method 1.
=[sec* 0.0
Isec“ Psec’ 6.d8

o (s
(i

I

sec’ § 40

i

=[[s+3tan’a+3zan‘a+m’a]sec’ade .

=tan @+ tan’ €+%tans H+%tan’ 8+C.

OR .

Method 2:
sec’ § =sec® Psec’ 0

= (sec2 6)3 sec’ &

= (1+ fan* 6)3 sec? 0

DAares TR

" 2018 Highe “Sohgel Certfoate

. \7

@ O

G

(HD

~ fsed 0= (14’ 6) sect 06
Let rt.-tanf?
du —sec 29dd

I(l+u ) du

f(l+3u +3ut +u )du
=u+tu +%us+%ﬂ +C

= tan f +tan® 9+—§-ta.ns 9+%tﬂ.ﬂ7 a+C

ZBAC = /EAD (common angle}

Thus AABCHAAED (2 sides proportional
and included angle)

ZADE = ZACB (corr. Zs in similar As)
BCED is cyclic (ext £ equal int opp £)

" ADEA is isosceles.

Let ¥ be the midpoint &f AF -
£DFE=90°
AF =FE=2
=DF*4+2}
DF =5

CF=2+2=4

CD*=DF*+CF?
=5 4
=21

CD=+21.

A :Prom @:
. ‘_’-,“-21:2.'{1 -2.Ii __)

Tet /DOC =2%a (angle at centre)
Reflex /DOC =2m—2¢
ZCED = 1% ZDOC { £ at circumference)
=g—a
Let OC=0D=x
In ACOD:
CDY =+ x* —2xxxxxcos 2

21=2x" —2x" cos 2¢ - @

 In ACED:

CD? =2% +3° —2x2x3xcos(z —a)
21=13+12cos

g 2 . -
osa==3 C

- . cos2a =2cos? -1

A

9

189 =18+% + 22

=
J@ 32t 5
23“@5_ | 5

10

1 L - .
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QTIESﬂOD 15 ) . ((E) (1) 0.7¢ =02401 R : ¢ n BN Ry S
1 . (iiD) }‘_{hfrznf]:{efballfaﬂs: mv=mg kv’ Lo v gt ] _—
@ @ Area=_absinC (i) P(X2=1-POC=0)-PE =D-P(X=2) - =g -kt . P v v v
{ {0:7599) Cody . 2 . 11 1
A== in(f— . -my—=mg—kv . b=
Slelivlsin(6-) ; =1-| 17 (07599 (02401) |. d T 1 u oyt W
T : el . . : . Y - I
il =] els]u]cis(-4) : +1, (07599} (0.2401)° e Pl 1 i 1,1
—|w{ci!¢|zlcis(n9) - . mg ER Wt vt
=[o]|vd(cisOeis(—g)~cisgeis(-0)) | @ @ vr i'swheu \3: 0. _[Hd.r: J’ ' LAY | _Quesﬁéu 16
=[g|w(cis (8- §) - cis($--0)) v =mg —kv ’ mg —~ kv’ -
- - 1,2 - v 3 i 7% N 2
prespmfmealfoh L A S N | S
sin (¢—6) =—sin (8- 4) kv =mg ° P Pa)m6a-30xe 24
o Z®-wT =[z||w]2isin (8- ¢) v =%S_ | H ~~~[ (mg—kw*)~1n(mg)] [ ?i?igoilzfi :

1 . gl ’ -
=4:[§|z||WISm(9~¢)J o [\ o [mgm v }b mg P peseaso ¢
= did. k & LT () (En)=0 -

mg :
- . , - m g x=1,4
® O Plx)=a’+bitotre’ (&) When'thcba]l nsej: i =g —kv’ :ﬁmvrllu g 2 i P(x)=12x-30
P’(x)= dax® +3bx* +2cx . ::;v=~mg—kv 2mg mg E ( )
&Y e b . [ESCH
P(l)=ﬂ+b+c+e="3 nlvdx g kv - . ’ 2 “’2 T P’(‘{r) i8
=-1i= —1]= * ' - [EPu ——
P(-1)=P(~1)=0 (repeated root) deee M : 2% h{l ver P(4)=128 —~240+96+16
P(-)=a-b+c+e=0 mg + kv s 1 A
P(~1)=—-4a+3b-2¢=0 J‘Hdrz—f " :_;th(v, - J p(o)=
a+b+cte=-3 @ ‘ mg + k" ) ‘ 23 :r s x> Yoo o
a-b+c+e=0 [ LY V. :
®-0 ) [I]:’ :~E;:-[ln(mg+kv2}] . H—;EID[?TZZWJ 'Ihzls there is 4 Jocal minimum
2b=-3 . " at (4,0} and this is less than

3 . H == tn(mg )—In (mg+ ks .2 2 -the value at the extremities. —

b=—§ gk[ ( 1 ( )] : But H:E"g 1+:—2 The minimum value for x>0 ,(_
—Ada+3b-2c=0 @ =%!ﬂ(nig+ku ] bu tk——- s 1.::“2 of P(x) is0.
4a+2c=3b" ng ¥’ ' =-T~h{7—]
3 mg +h - % ; v,.’r ; ;V
4a+2c=j3x—-2- =£E’-’i]_u —vri £ln _vT2+u’ =£}n v, 30
da+2c=—= . 2mg mg 2 \ v ) 28 \y'-w 2
2‘ . - 2 2 2 - by
' ' v o ]J’(VT = ]=1ﬂ£';r 5
) P()=4a+3b+2c ="2‘;hl 1‘?? ‘ Vr L6 1
: ) . :
=4a+2c+3b : Lo
2 2 R 4,22 2.2 a2 4 - : ! T2 3 4 8
-5 ) o Iroveu W =y
‘ vyttt =0
viw? st = v’
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(iiy For x=0:
2% —152° 3+ 24x+16 20
20 +102% +24x+16 22557
(x+l)(23c1 +8x+16) »25x¢

(x-&-i)(x’ +x* +8.\'+16) >225x%°
(e 1)+ (x+4)") 2252

(iif) Let x=m+n
where m>0 and n20 andso x20.

From part (ii):
(r+){s* +r+4) 2257
(nn-natl)((nwn)l+(mc1-m4r4)’)225(.-.1”:)1
] 1 25(m+1'1)2
(m+n) Hmtn+d) 2 ——
But (m-n)2 =0
m a2 2mn
(mwt)2 = dmn
; 5(m~l-n)1
2 47 Z-Z—-—-—
(m+n) +{m+n+ ) e
> 25x4mn
mi+n+l
_ 100mn
mtn+l

B @ PS'+PS=2a
». P lies on an ellipse
with foci §' and S

by

(i) SP=ePM
" =e{OM-0Q)

= e[f-,—acos 6]
€ .

=a(1ﬂeclost9).

o 08
(iif) sinf 5
_00+08
2a-PS
_ acosf+ae
2a—a(1—ecos€)
_ cosf+te
2—{1-ecosd)
_ eteosd
_1+-§cos6'
(iv) Vertically: let ZSPQ =«
The vertical equilibrium is
s Tsin f=Tsinag+mg 0]
sina:-‘o‘—s~ ’ .
PS
_ ae—dcosd
-a(l—ecos §)
e—~cosd.

@

=1—ecos€
From @ and @:
mg=Tsinf-Tsine

=T( e+cosd ]—T[ e—ccsﬂ]
1+ecosf 1-ecosd
(e+cos€)(l—ecost9)
(1+ecos€)(1aecos£9)
[e—cosB)(HeceéB)
(1+ecos9)(1—ec059)
e—elcosf+cosf—ecos’ 8
: r {1+ecosd){1~ecos f)
e+ecos f~cosd—ecos’
(l+ecos9)(1—ecos(3)
:T[—2e2m9+2w59] .
i-¢'cos’d
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_2Tcos¢9 (1'— ez)
R I-€’cos’ @
. 2‘T(1}ez)cosé

1—-g*cos’ 8

(v} Horizontally mra® =Tcos f+T cosa

mro? =T cos f+T cost
=T(cos B+cosar)

=T(£Q+£Q— S
Ps s )
1 1Y~
=Tx PO —+4—
Q(PS' PS)
=TXJF,Q[PSH”S’
P§xPS’

=Ty P{x

2a

a(lfecosﬂ)xa([-}ecosﬁ)
2a
=T POx~——F————=
X Qxal(l—e’coszﬂ)
But PO =bsind
and is the semi-minor axis,
Also B =4’ (l—ei)

2=\f1—.e2 '
a

mro’ =Tx PO _‘——2&
= x
at (1 —¢* gos® 9)

IS T
_Tszmgxa(l—elcoszﬁ)

_ 2Tbsinég
i " a{l-e'cos’ 0)
i - b, 2rsing
LI a" (1-¢*cos’ 6)

1= sing

1—-e?cos’ 8

(V1) Divide the answess to (v} by (v):
mret  2IN1-2' sind I2T(I—a’)cos£
TJE= - cosf 1_3100(_7 :
re’ _ 2rJ1-€*snd
e 2T(1—e2)c056‘
tan &
Ji-et

2
ro
tanf =

1—et.
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