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resolving horizontally to the lawn in the i direction.
(1) Tcos(8)-F,=0

from (1) F,=Tcos(¢)=12v2cos(45°)=12
resolving perpendicular to the lawn in the J direction.
(2) N-Tsin(d)-mg=0

from (2) N.=mg+T sin(¢)=10x9.8+12+/2 cos(45°) =98+12 =110

and uN :£:15E
7 7

since uN > F, itis not on the point of moving

Question 1

%—5y+6x2 +3=0 taking di of each term ( implicit differentiation )

e X

d oy d d ,\ d

—(xe™)=——(5y)+—(6x")+—(3)=0

dx( ) dx( y) dx( ) dx( )

product rule in the first term

xi(e’zy)ﬂ+e’2yi(x)—i(Sy)d—y+i(6x2)+i(3):O

dy dx dx dy dx dx dx
—2xe’2yd—y+e’2y—5ﬂ+12x:0
dx dx

Ol—y(2xe’2y +5)=e " +12x

dx

dy _e™ +12x

dx 2xe? +5
Question 2
a. N

]
T L
T S — L
R @ 10
A 4
mg
for all the forces

b. now T=12J/2 m=10kg g=9.8 u:% 0 = 45°

M1

M1

Al

Al

Al

Al
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N —To ol

mg
now T :49;5 m=10kg g=9.8 yz% 6=45" a="?
resolving horizontally to the lawn in the i direction.
(1) Tcos(@)-uN=ma M1

resolving perpendicular to the lawn in the J direction.

(2) N-Tsin(#)-mg=0 from (2) N =Tsin(#)+mg into (1)
ma =T cos(6)— u(T sin(6)+mg)

ma =T (cos(8)— usin(0))- umg

a :%(003(9)—ysin (0))-ug
a :%(003(450)—%% (45°)j—¥
(L 1),

Al

20 (2 742
L2 6

20 72
a=21-14
a=0.7 m/s? Al
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Question 3
dy 3x-5 . . .
—=——— integrating with respect to x
dx \9-4x?
y = ﬂdx separating into two integrals
J \/9—4X2
y= J M1
J 9 4X ’\/9 4X
in the first integral let u=9-4x gu —8x
X
. . dv
in the second integral let v=2x , d—:2
X
3¢ 5 1
=——|u2du —— dv M1
g 2) \9-v?
1
y:—§u2—§5|n‘l(x)+c
4 2 3
y=—g 9—4x? 5sm1(zxj+c A2
4 3
to find Cuse y(0)=0
O:—g—0+C C:g
4 4
Al

= —%\/9—4x2 —gsin‘l(z—;j+g

4

Note that a possible correct alternative answer is

y——gx/g 4x? +gcos (ij+g—5—”

3 4 4
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Question 4
a. let P(z)=2°+pz°+qz+15=0 since p and g are real
by the conjugate root theorem P (1-2i)=P(1+2i)=0
so 1+ 2i isalso a root Al

b.  leta=1+2i B=1-2i
now a+f3=2 and af=1-4i*=5
so the quadratic z*>—2z+5 is a factor
P(2)=2"+pz* +qz+15=(2" —2z+5)(z+c)=0 M1
now 5¢c=15 so that ¢ =3 and expanding (22—22+5)(z+3)
coefficientof z°: p=3-2=1
coefficientof z : gq=5-6=-1 A2

and all the rootsare z=1+2i and z=-3

Question 5
a. Method | using addition theorems % =15° 15° =45°-30°

i) .
Al

tan(%): SRR

1o L B+l B+l \B-1 "
NEREING

onf 7 )_3-2V3+1_4-2V3
12 3-1

2

T
tan| — =2—\/_ Al
(12}

w
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Alternative Method 11 using double angle formulae let A:% 2A:%
2tan( A
tan(ZA):#
1-tan’(A)
2tan(7[j
1 12
== M1
NE]

1—tan2(”j
12
1-tan?| L |=23tan| =
)28
tan?| = |+ 243 tan 1)—1:0
(le \/— (12

let u =tan(%) u2+23u-1=0

A=(2v3) +4=16

u=tan| = =M but tan| 2 |>0 take the positive M1
12 2 12
so that tan(%j:Z—\@ Al

b. et U=1+(2—\/§)i now Arg(u)ztanfl(z—\@):%

let v=—1+(\/§—2)i=—u=i2u v is a rotation of 180° from u, so

Arg(v)=Arg(—1+(\/§—2)i)=—7z+%=—% (or -165°) Al
Im(z)
A
u
15°
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Question 6

_1
a. Let y=tan" [\/Ej n™(u) where u:\/§=«/§x 2
X

3
dy _ 12 du__ \/_ 5:_\/5 chain rule M1
du 1+u dx 2 2%
by _dydu_ 3
dx du dx 2\/?(1+3j
X
%Zig since x>0
X 2\/?(X+j
X
dy -3
dx  23/x(x+3)
soshowni tan! \E =_—\@ for x>0 Al
dx X 2&(x+3)

r9

9
b. ! dx= ! dx =
1 X+ 6% +9x x(x2+6x+9)

m J\/_x+3

(&

dx since x>0

=—%_tan ( %J:l M1
=_% tan‘{?]—tan‘l(«@ﬂ

2\/§ T
:_T(E_Ej

J3r

_ Al
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Question 7

3 ). D ot - .
a. r(t) =E(e2t +e)i+ E(eZt —e )] vector equation,
. . 3 _ 5 _
the parametric equations are X :E(e2t +e™) and y= E(e2t —e?)
9 - 25 -
now xzzz(e4‘+2+e‘“) and y2:7(94t—2+e‘“) Al

so that 4—X2=(e4‘+2+e‘4‘) and 4—yZ:(e‘“—ZJre““)
9 25

subtracting to eliminate t gives M1
2 2

A4y,

9 25

2 2

LA a’=9  b?=25

9 25

sincea>0and b>0 a=3 b=5 Al

b. since t>0 both x>0 and y>0 , the graph is not the whole hyperbola
only the upper right branch, touching the x-axis at ( 3,0) Al

-
4] y

X
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Question 8

a. y:6sin(%xj

b
V:ﬂj%sinz(%’(]dx O<b<4

0

b
V =187 [ (1-cos(7x))dx Al
0 . .
\Y =18n[x——sin(7zx)}
" 0 M1
v =187r[b—lsin(b7r)—0}
T
\Y :18(b7r—sin(b7r)) Al

b. if V=18(bz-sin(br))=9(77+2)

then b = Z since sin (7—] =-1 Al
2 2
Question 9
4 4
a. y=

T _4x Xx(x—4)

vertical asymptotesat x=0 (they-axis) and x=4

horizontal asymptotesat y =0 (the x-axis) Al

the turning pointiswhen 2x-4=0 at x=2 y(2):ﬁ:—1
maximum turning point at ( 2,-1)

correct graph and turning point Al
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I !
I 1|
|
2I
0 X
""""" i R T /e -
_2_7

2

2
b. the area =j 24 dx=J 4 dx
X? —4x x(x—4)
1

1

Ay x(x4—4) :éer%BA, adding the partial fractions
_A(x-4)+Bx _x(A+B)-4A
B x(x—4) X2 —4x

(1) A+B=0 and (2) —-4A=4 sothat A=—1 and B=—A B=1

by partial fractions

M1

thearea A= J(%—lj dx but the area is under the x-axis, so A<0
X— X
1
2

1 1

A:J(———]dx now A>0 M1
X X-—-4
1

~[tog, ([x))-tog, (jx—4)]°
{2 “
dCER )

=log, (3) Al

END OF SUGGESTED SOLUTIONS



