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SOLUTIONS

SECTION 1: Multiple-choice questions (1 mark each)

Question 1

Answer : A
Explanation :

centre=(-1,1) , a=(-1)—-(-3)=2

b 1)’ -1y
b_, b G+ =D
a 4 16
Question 2
Answer : B
Explanation :
y =sin(2cos ' (2x))
_z <2cos ' (2x) < z G <cos '(2x) < z
2 2 4
2
But 0<cos'(2x)<z .. 0<cos'(2x)< % % <ox<1
2 1 2 1
. —=<x<-— dom = £,—
4 2 4 2
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Question 3

Answer : B

Explanation :
y= sec(a(b - x)) = sec(a(x—b))

1
dilation of factor 2 from the y axis, hence a = y

translation % to the right, hence b = %
Question 4

Answer : B

Explanation :

The rays Arg(z—i) :% and Arg(z—2) :% intersect at z =2+ 3i

Arg(z+1) = Arg(3 +3i) =%

Question 5

Answer : D

Explanation

1+i , 1-i and 2

0(z)=P(iz)

iz=1+i , 1—-i and 2
1+i 1-i 2

E=$ > _l and o

i i i
z=1-i , —-1-i and -2i
z=1+i , —1+i and 2i
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Question 6

Explanation :

—2 .
w= 22(—i+l) , Arg(z)= % o Arg(z) = -z

Arg(w)_2><—+£_ L NN AR
4 16) 8 4 8 2
Question 7
Answer : D
Explanation :

T:{Z:|Z+l|2|z—i ,zeC}m{z:|z|£l,zeC}

,zeC}m{z:|z—2|S|z—i
|z + 1| > |z - i| is the half plane above the left line
|z - 2| < |z - i| is the half plane below the right line

|z| <1 is the interior of the circle

Question 8

Answer : A

Explanation

When g, b and ¢ are linearly dependent, one of them, for example ¢, is a
linear combination of the other two.

Therefore ¢ is in the plane determined by g and b.
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Question 9

Answer :C

Explanation :

b-c=lpf +a-b - b-c-ab=|b

|
S
o
(o
~
S
+
1S
SN
|
Rien
]
o

Question 10

Answer : B

Explanation :

. . 1 1
Hence the required vector is ( i+ NE) J ) +—=k

W2 2
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Question 11

Answer : B

Explanation :

1-sin(20)

= tan(z— 9} Change @ to 0-=
cos(260) 4 4

1—sin(20—”j
2 =tan(” ”j Mzcot(@)

——0+— -
COS(ZH—;ZJ 4 sin(20)

4
Question 12

Answer : E

Explanation :

r(t) = tan(¢)i + sec(t) J

x=tan(t) y=sec(?)

sec’(f)—tan’(t)=1 .. y' —x"=1 .. hyperbola

Question 13

Answer : D

Explanation :

Vv =—4x

a :i(lvzj = i[lx (—4x)j =-2 .. a=const
dx\ 2 dx\2

Initially v=8. Since a<0 v decreases
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Question 14

Answer : D

Explanation :

1

J‘x3ex2 dx u=x" .. du=2xdx
0

[SY————

1 1 1
du 1
e dx= J-)czxe)r2 dx = Iu P e —ju e'du
! 2 2
Question 15

Answer : A

Explanation :

r(t)=—sin(2xzt)i + cos(;z't)z Soov(t)=—2rcos(2nt)i—x sin(;rt)z

3 3). . 3).
V| = |=-27cos| 2x x— |i —7sin| mx— | ]
"2 2)" 2)>

3
vl = |=27i+7j
@ LT

Question 16

Answer : D

Explanation :

For y =const the gradient follows a sin or cos shape
when x =y, gradient is zero, hence sin shape
when x=1 and y=0, gradient is positive,

hence sin(x—y) applies
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Question 17

Answer : B

Explanation

1
d=—at* , t=1 .. d=—a
2 2

1 1 1
d =—an* ——am -1’ ==a(n*-m-1*) .. d =d2n-1
y =5’ ——a(n=1y =—a(n’ ~(n-1’) ,=d(2n-1)

Question 18

Answer :C

Explanation

mg—-mkv=ma .. a=g—kv

Question 19

Answer : E
Explanation
2mg —T = 2ma}

T —mg=ma

=>mg=3ma .. a=

g 4
T-mg=m= .. T=—m
g 3 3 g
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Question 20

Answer . C

Explanation :

F - +M)g - =M
pm+M)g = pimg a}:F—,u(m+M)g—,umg=,umg S F=2u(M +m)g

Hmg =ma

Question 21

Answer : A

Explanation :

QZ :RZ +P2
if 0=45" then R=P=2
2
Question 22
Answer : A
Explanation :
d,
p=my F:_g:i(mv) :mﬂ vd_m
T Y odt odt T Todt T odt
a:ﬂ F=ma+v2
~dt - dt
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SECTION 2
Question 1
a.
1 . T 2 .
z+—=-2sinf , ——<0<L0 .. z +2zsinfd+1=0
z S [M1]

z=—sin@++/sin*0—-1 .. z=-sinf@=xicosd

z=-sin@+icos@ or z=-sin@-icosd

But COS(%-FH]:—SiHQ and sin(%JrHj:cosH
uzcis(%JrH) as %+9>0 cOWET [M1]

u:cis(%nLHj and w:cis(—%—é’j as required ........ [A1]

See the diagram to the left
region A ........ [A1]
region B ....... [A1]
regionT ... [A1]

Re(z)
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c.
|2, —2,|  =|2i—i]=1 ... [A1]
2
|zl—z2 = cis(z +2|=,]| cos £)+2 +sin’ £j= 2245 . [A1]
max 4 4 4
d.
i
u'—w' =u"— (@) =2ilm@") ... [M1]
u"—w'= 2isin(n(%+ QD = 2isin(%+n9j as required ........ [Al]
ii.
4 4 .. ([4r Vs ..
u —-w :2zsm(7+4xzj:2zsm(3ﬁ)=O ........ [A1]
Question 2
a.

To show that MNPQ is a parallelogram, it is enough to show that MN ZQ—P
W:%E%B—c But BC=BA+AD+DC=—a+bh+c

Wz%g+%(—g+@+g) W\/zl(@nLg)

[\

]

QP:EAD+%D—C:%(13+Q) . MN=QP ...[Al]

b.
i.
AC=AD+DC .. AC=5i+3j
. — - _ e [A]]
DB=DA+AB .. DB=—(2i+3j)+8 .. DB=6i-3j
© TSSM 2011
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ii.

AC=5i+3j DB=6i-3j

R-lﬁz‘A—C‘x‘ﬁ"xcosﬁ [Ml]

5x6-3x3=+/5+3> x\/6" +3* xcos 0

cosO=—2 . =575~ 58" e [AL]

NETEN/T

AC=5i+3j DB=6i-3j , AE=mAC and DE =nDB

. _ . e [MI]
AE+EB=AB .. mAC+(1-n)DB=8i
m(Si+3))+(1=n)(6i-3/)=8i . (5Sm—6n+6)i+@Bm+3n-3)j=8i ...[MI]
Sm—6n+6=28 Sm—-6n+6=8 8
= Lo llm=8 . m=— ...[A]l]
3m+3n-3=0 6bm+6n—-6=0 11
3
n=1-m .. n=— ... |Al
- [A1]
ii.
AC=5i+3j
SN — 8 40 . 24 [Mi]
AE=mAC .. AE=—(5i+3j)=—i+—}
11 ~ 11~
1 24 96
A =—X8x—=—sq.units ......|Al
2 ABE 2 11 11 q [ ]
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Question 3

a.

See the diagram below

shape (one arm only) ......[Al]

2
@—xzzl a=land b=3 .. [Al]
asymptotes y+3=13x .....[A2]

y+3=43Wx'+1 o y=-3+3Jx’+1 as y=0 ... [M]]

f(x):%zdi(—3+3 x2+1): 32x as required ......[Al]
I dx

x +1

ii.

It can be seen from the graph that the gradient to the hyperbola
changes from -3 to 3 , hence a=-3 and b=3 ...[Al]
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C.
i.
h 2
Vzﬂ_[xzdy , (+3)°-9x'=9 .. xzz@—l e [MI]
0
h 2
r+3)
V= -1 e Al
ﬂl( 5 )ﬂ’y [A1]
ii
h 2 3 h 3
V=”I (y+3) Aly=x (y+3) —y| =z (h+3) —h-1
AN 27 i 27
noon
V(h)= E(E+?] as required ......[Al]
d.

Consider dV,a very small change in volume, that produces dh,

a very small change in depth.

av =dxdh . 4= . [a]]
dh
Question 4
a.
ma=W+F
m(a, i+a, j)=mg j—mk(v, i+v, )) e [MI]

a i+a, Z:—kvx L’+(g—kvy)z

a,=—kv, and a,=g-kv, e [A]]
dv dv,

*——ky  and —ZL=g—kv asrequired
dt ! dt & y d
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b.
Do gy, —kt:IdV* . —ki=log,v, +c
dt v, e [MI]
At t=0, v.=u .. O=log,u+c .. c=-log,u
—kt=log, v, —log,u .. loge(v—"]:—kt Lovi(@)=ue ™ L [A]]
u
dv, dv, 1
7}=g—kv} t=.[ —Ié t=—;loge(g—kvy)+c
! 7Y M
At t=0, v, =0 0:—%loge(g)+c
1 g
t=——log, (g—kv )+-1 t=—1
og,(g—kv,)+—log,(g) P Og{g—kv,]
! [A1]
g ok ok _ 8 —kt
kv =e g—kv, =ge vy(t)—k(l e )

At =0, y=0 0=Ex"+c c:—gxl
k k k
! [A1]
g —kt g g g —kt
==|t+—e" |-= H==t+>(e" -1
7 k[ i j RO kZ( )
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ii.

490:100:+M(e'°~°“9-8f—1) oo t=119s ... [Al]
9.8

Question 5

a.

N;

See the diagram above
Apply Newton's laws on both axes for both objects
N, +Fsinf-mg=0
{FCOSH—T =ma

...[M1]
N, -mg=0
T=mya
Fcos@=(m, +m,)a = Feost .[Ml]
m, +m,
0
a= 300cosd5 a=3.5ms™ [A1]

60

© TSSM 2011 Page 15 of 17



2011 SPECMATH EXAM 2

b.
N;
A
my
Ffz T
| |
Ffl
\ 4
m2 g v
m; g
Apply Newton's laws on both axes for both objects
N, +Fsinf-mg=0
Fcos@-T—-F, =ma
F, =uN
ne M1
N,-m,g=0
T-F, =mya
Fy, = uN,
{Nl =mg—Fsind
Fcos@—T—u(mg—Fsin@)=ma
= #lme J=m M1
N, =mg
T — um,g =m,a
Fcos@— p(mg—Fsin@)— um,g = (m; +m,)a
Fcos@— u(mg—Fsin8)— um,g
a=
m, +m,
a_F(cosH+ysin6’)—ym1g—,um2g o [M1]
m, +m,
F(cos@+ usiné
g H )_ﬂg
m, +m,
F(cos@ + tan ¢sin 8)
H=tangp a= —gtang
m, +m,
i | M1
F| cos0+ "% sing . . [ ]
cos ¢ F(cos@cosg+singsin6)
a= —gtanp = —gtang
m, +m, (m, +m,)cosp
_ Fcos(0-p)

—gtang as required.....[Al]
(m, + my)cos @
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_ -2
A, =3.3ms

c.
i.
Fcos(6-10°
_Pesl0710) e
(m, + m,)cos10
a=max when cos(@—lOO)zl sLo0=10" ..[A]]
ii.
= gtan10® =22 9 gan10’
(m, +m,)cos10 60cos10
iii.
Fcos(6,-10° Fcos(8, —10°
al:(—l)o—gtanlo0 and azz(—z)o—gtanlO0
(m, +m,)cosl0 (m, +m,)cos10
a=a, .. 005(91—10°)=cos(6’2—100)
6,-10"=10"-6, .. 6,=20-6, .. 6,=5 -..[A1]
d.

The object is on verge of losing contact with the surface

when the normal reaction N, becomes zero.
N =mg-Fsin@ , N =0 .. 0O0=mg-Fsinf [Ml]

mg 40x9.8

F=— ——
sin@d sin45

=5544N  ...[Al]
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