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Question 1

a. ZZﬁciS(—%ﬂj
5 Jron ()
JE[ %_ﬁj M1

by the conjugate root theorem, 7 = (—1+ \/§|) is also a root

NN

_ _ 2 .
7+7=-+2 | z.z=Z(1—3|2):2

2 —(sum of the roots)z + product of the roots
2

( +22+ 2) is the quadratic factor Al

b. f(z)=2"+ 273+57°+3J22+6=0
=(z2+ 2z+2)(z2+3)=o

\/5 _ \/5 _ _ _ M1
:(2—7(—1+\/§|) 2—7(—1—\/§|) (z—\/§|)(z+ 3|):0

all the roots are z:%(—li\@i),i\@i Al
Question 2
95% confidence interval is g+ 2x B y(l—ij,,u[u ij

2Jn Jn Jn

this has a width of ——=< ﬁ M1
= Jn>20
the minimum sample size is 400 Al
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Question 3

_Ti.i

1

2g

I&
T.4
4
2+m
4g

(2+m)g
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when the 4kg mass moves downwards,
with an acceleration of a, resolving

(1) 4g-T,=4a

(2) T,-2g=2a
adding (1) +(2)
29 =6a
a=9
3

when the 2+m kg moves downwards

with an acceleration of % , resolving

(3) (2+m)g-T,=(2+m)3
(4) T2—4g:4><%
adding (3)+(4)
(2+m—4)g=%(2+m+4)
3(m-2)=m+6
3M-6=m+6
2m=12
m=6
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Question 4
Ioge(2xy)+5 =8 by log laws
y
log, (2)+log, (x )+Ioge(y)+5:8 using implicit differentiation M1
y
1,1dy 1 xdy_
X ydx y y*dx
1#&[44} AL
Xy dx{y” vy
X+y _dy(x-y
xy dx( y?
dy_y(xery) Al
dx  x(x-y)
at the point [2,%
4
1 1
Zl24=
dy l Uj_zxg_g
x|, 1) 2(2_1j 8 7 56
4
: . 56
gradient of the normal is Yy Al
Question 5
a. s_f \/ ) dt
X=t>+5, y=6t>—1
:%:Btz y:ﬂ:12t M1
dt dt
2
(%j +(dyj = ot* +144t2 =0t (1* +16)
dt dt
2 2
(%j +(ﬂ] =3tyJt? +16 since t>0
dt dt Al

5= j;3tx/t2 +16 dt
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b. s:ISStx/t2+16dt let u =12 +16 ‘;—ltjzm = dt:%du
terminals when t=0=u=16 when t=3=u=25

25 1
s=j16 BtJJxEdu

s=§ju5du
216

3 3

=252 —16?2

-(V25) -(+i6)
=5°-4°=125-64
=61

Question 6

2

dy _y4-y
dx 4+x°

! dyzf 12dx
4-vy? 4+x

Sin{ljzltanl(fjm
2 2 2
when y=1, x=0 sin‘l(ljzczﬁ
2 6
Sin_l(zjzz_pltan‘l(lj
2 6 2 2
(7 1, X
y=2sin| —+=tan"| —
(55 (3)

and y(0)=1 separating the variables
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Question 7
a. P R
60° 30°
T
T
30° O 600 F
m I ——»
l Al
mg
b.
Let T be the tension in the strings, all the forces are in newtons.
resolving horizontally (1) F+T cos(60°)—T cos(30°)=0
resolving vertically ~ (2) Tsin(60°)+Tsin(30°)—mg =0 Al
(1) F=T(cos(30°)-cos(60°)) = F=T W) g2
2 J3-1
(2) mg=T(sin(60°)+sin(30°)) — mg=T 3+1 — 129 M1
2 J3+1
eliminating T, gives T = 2F__ 2mg = F= 31 mg
P$-1 B+ JB+1
c_ J3-1 g V3-1)_(3-23+1 mg
J3+1 J3-1 3-1
F=(2—\/§)mg a=2 ,b=3 Al
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Question 8

ai. Let y=sec(kx)= =(cos(kx))_l using the chain rule

cos(kx)
_ksin(kx) ksin(kx) 1

X

Y _ 14 ksin (kx)x (COS(kX))iz

dx ~cos?(kx)  cos(kx) ~ cos(kx) AL
%[sec(kx)] =k tan (kx)sec (kx)
i Let y=log, (tan(kx)+sec(kx))=log, (u) where u = tan(kx)-+sec(kx)
Y = 1 using the chain rule
du u
j—z = ksec? (kx) +k sec(kx)tan (kx) = k sec(kx)(tan (kx)+sec(kx)) Al
dy dy du 1
AR ksec(kx)(sec(kx)+tan (kx)) = k sec(kx
dx du dx tan(kx)+sec(kx) xksec( )(sec( )+tan( )) sec(x)
d
so that &[Ioge(tan(kx)ﬁec(kx))} =ksec(kx)
b. y=25ec(§)=i when x=0, y=2,y intercept (0,2)
2
The graph has vertical asymptotes when COSG) =0 = g = i%,i 3?7[
so that x=+x,+3x are the vertical asymptotes. Al
| L 4 o |
| A 6L :
: S s
| A /o :
i g |
| i 02) | X
] " l e
—?Tc —-2n an 0 i 2n 3:7:
| o ! —2¢ : P |
: / AN ! \ s . \\ !
L \ : -4 - \—
L/ ! : Vo
: / I —6l ! / \ :
L | - L
X=-3r X=—7 X=1 X=37
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2 X . . 1
C. A:J ZSGC(—)dX using a. with k==
, 2 2
X x)) |2
=|4log,| tan| — [+sec| —
2 2)) 1 Al
T T
=4log, | tan| — |+sec| — 4log, (tan(0)+sec(0
o ten{ % Jsec[ 2] |- atg, 1an(0) +5e0(0)
:4Ioge(l+\/§) units? Al
Question 9
Let a=2i-3j+k , b=i+2j+4k , c=xi+yj+zk
Since a is perpendicularto ¢ a.c=0 = (1) 2x—3y+z=0
Since b is perpendicularto ¢ b.c=0 = (2) x+2y+4z=0 Al
Since ¢ isaunit vector |c|=1= x*+y*+2z°=1
(1) 2x—3y+z=0
2x(2) 2x+4y+8z=0 subtracting gives 7y+7z=0 = z=-y
4x(1) 8x—12y+42=0 M1
(2) x+2y+4z=0 subtracting gives 7x—14y =0 = x=2y
substituting into (3) 4y*+y’+y* =6y’ =1 = y:J_ri
J6
Al
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Question 10

9Bl _ 0 200-60)=14 gm/month
dtl,.., 600

8| _120

dt B=120

(200-120) =16 gm/month

Since when B =120 the rate is larger,
the bird is gaining weight faster when B =120

9B _ B (200-p)
dt 600

JLdB:t
B(200-B)

600 A D

separating the variables

using partial fractions

A(200-B)+DB _ B(D-A)+200A

Al

_— =— 4 =
B(200-B) B 200-B  B(200-B)
=200A=600 D-A=0 = A=D=3

3J(l+ 1 de:t
B 200-B

t
3-log. (/B])-log, (|200-B|)+c

since 20<B <200 the moduli are not needed
Now when t=0, B=20

0=log, 20—-log, (200—20)+c =
c =log, (180)—log, (20) = log, (%} =log, (9)
=log, B —log, (200-B)+log, (9)

( j
I ge
200—B

s__ 98  _ 200-B_ -
200- B 98B

t
3
t
3

_t
200—B =9Be ?
t

200 = B[1+983j

200

B(t)=

t
1+9e 3

M1
B(200-B)

Al

Al

M1
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C. d—Bzi(zoOB— B)
dt 600
2 2
d szi(ZOO—ZB)d—B:i(loo—B)d—Bzo for inflexion points d —=0
dt 600 dt 300 dt dt
=B =100
_t
when B(t)=100= 22 — 149¢ s =2 M1
1+9e @
_t t
% 3=1 =e3=9
t=3log, (9)
point of inflexion (3log, (9),100)
the curve is concave up for 0<t<3log,(9) Al

d.  Since B(0)=20 andast—>o , B—> 200, the horizontal asymptote is 200

V' N
200] B
1807
1607
1407 )
1201
1007

801

601 -

s0f

204"

Gl

———
e
-
-
-
-
o
>

W ~+

-204
-404

END OF SUGGESTED SOLUTIONS
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