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Note to tutors:
In recent years, A level phrasing of 3(ii) is “Give a reason why the series converges and write down the
value of the sum to infinity”. With such phrasing, Cambridge expects students to write “sum to infinity
= ___ " (See report below).
NO7/11/2

(iii) Adequate answers to this part were rare. Many candidates seemed to be unable to think of

convergence of series that were not geometric; answers such as ‘it converges because | < 1
were common. Nor is it correct to say that it converges because the terms decrease, as is

disproved by the harmonic series. “
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Let the volume of water in the cone be V ¢cm®at time ¢
seconds, when the depth is y cm.

20 20-y

tan@z%:ﬂzz%

4 %ﬂ(gz)(zo)—%n(xz)(20—y),

Since tanezL,
20—y
12807 1 2
V== —gﬂ[0.4(20—y)] (20-y)
12807 0.16 3
= — = x(20-
3 - 7(20-y)
d dr 2 dy
—:  —=0.16x(20—y) =
& dr (20-0) 4,
When y =10, d—V:S,
d
8=0.167(10) ¥
d
Y0159
dr

Depth of water increases at 0.159 cm per second.

5(i) at+b+c=0
(a+b+c)xb:0xb
axb+bxb+cxb=0
axb+0+cxb=0
axb=—(cxb)
=bxc¢

5(ii)) | A, B and C are collinear (lie on a straight line).
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5@111) | axb =bxc¢ (from part (1))
|a||b|sin £4OB =|b)|¢|sin ZBOC
la|sin ZAOB =|¢|sin (2£40B) (since [b]=0)
= 2|¢|sin LZAOBcos LAOB
|a| = 2|¢|cos LAOB (since sin ZAOB #0)
0=|a[" —4e[ cos’ 2408
la|" =4|¢|’ cos® £Z40B

(a+2c).(a—2c)

=a.a+(2¢c).a—a.(2¢c)+(2¢).(2¢)

=[af" ~4[c[

= 4|c|’ cos® ZA0B - 4]¢[’

= 4|ef (cos2 AAOB—I)

= 4|¢[’ (~sin® Z40B) <0 (*|¢[ > 0 andsin® Z40B >0

5(1v) | k =0 since the origin O is in the plane p.

6(a) A=1,B=0 = u,, =u,+C = AP
(1) 30 20
;”rZT(ulﬁ'”so)
=10(4+10C+4+29C)
=80+390C

(i) GP = u,,, = Au, for all values ofn ..B=0,C=0
U,y >2000 = 4(4)” >2000

1

= A4>500"
= A>1.39

(b) u,,,=Au, +Bn+C

n=1: 16=44+B+C

n=2: 70=164+2B+C
n=3: 334=704+3B+C
From GC, 4=5, B=-6,C=2
Soug =5u, —6(4)+2=1648
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70) ;

Every horizontal line y = k cuts the graph of y = f(x) at
most once. Hence f is one-one and the inverse of f exists.

7 (i1) 1
:fx =
y=tx) 1+ x*
l=1-i—x2
¥
x2:l_1
y
1 . 1 .
x=_[—-1 r--reject — |——1sincex>0
y y
f'(x)= l—1
x

domain off‘1=[ ! -.1)
1+

7 (i)

7(iv) | Since y =f'(x) do not intersect the line y = x, it will not
intersect y = f(x) too, hence no solutions for
f(x) =f (x)

Alternative:
Since the domains of f and ™' are different, there is no

solution for f(x)=f"(x)
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8(a) arg(z) = arg 1-iV3 + arg(w) )
(i) ( ) |z|:‘1—1\/§“w|
=210 =2r
3
8(a) 2 Y .
(i1) arg[z*] =4arg(z)—2arg(z ) arg(36i)=%
=4arg(z) +2arg(z)
=60+2kn kel |36i]=36
gl
Z) |k
=47?
Hence, 41> =36 =>r=3 .
60+ 2kr =2
2
0 m—4kr
12
For OSHSE,Wehave k=-1, 0, givingus 6 = 5—7[, s
2 1212

8(b) | Since p is a real value, by conjugate root theorem, 2 — gi is also a root.
(z—(2+qi))(z—(2—qi))=22 —4z+4+q°
Let the third root be v. We know that v is real.
2+ pz? +17Z—13=(22 —4Z+4+q2)(z—v)
Coefficient of 2% —(4+¢*)v=—-13 —(1)
Coefficient of z: 4v+4+¢° =17=¢> =13-4v —(2)
Sub (2) into (1), we have
(17 - 4v)v =13
4 —17v+13=0
(4v—13)(v=1)=0
V= E or v=1

4

. 13 . . 13

However, if v= Z , sub into (2), gives us ¢ =0 . Hence, v # ? and v=1.

Sz 4 pzt —i—l7z—13=(z2 —4z+4+q2)(z—1)

24+ pt+172-13=2 =522 +(¢* +4)z-4—¢*
Hence, p=-5 and ¢=3.

9() | Angle AFE =180° — 60° =120’

Area of sector FEA = @ﬁxz = lmc2
360 3
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0 (i
(@) total area = %xz sin60” + BC (Zx) + %ﬂ'xz
2x(BC)=1000—£x2 Lo
4 3
pe=30 V3 7
X 8 6
X 8 6

=1OOO+%(47;+36—3\/§)

X

9 (ii1) | dP _ —1000 +%(36—3\/§+47z’)

P
dr 1000 1
—=0 = =—(36-3\3+4r
dx x2 12( )
x=16.634
P=120.2
d’P 2000
o
2
When x =16.634, d—f=—20003 >
dx®>  16.634

. minimum P =120.2

10(i
(@) J L 4
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10(ii) . Sl ode 1
(a) leenx—z, TR
I 1 1
—g—k(2+§—z)
9. 1 _ 1
32](——23](— 9
dx >
—=——2+x-x
P ( )
[t L
24+ x—x

—_—

When ¢ =0, xX=, 2 0=-3mnl+C=C=0

t:—3ln(1+xj
2—x
10(b)

1
s At x=0,t=-3In| — |=3In2
(i1) (2j

10b) | d?y 1

O T |
d—y:1n|t+1|+C
dt

=ln(t+1)+C - t+121>0
Whent=0,%zO:Ozln(O+l)+C:>C=O
dy
—=In(t+1
4 (t+1)

y=[in(+1) dt

=t1n(t+1)—fL d

t+1

=t1n(t+1)—f1—L dr
t+1

=tln(t+1)—t+In(t+1)+ D
When t=0, y=1, D=0
Hence, y=(t+1)In(z+1)—¢
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11(1) 0 dy _ 3cost—3cos3t
—3sint+3sin 3¢
r 5 3B dy
Whent=—,x=—,y=——,—=-3
REE A el
Equationofnormal:y—ﬂzﬁ(x—éjz :£x+2\/§
2 3 2 3 3
11(ii) | (ii) $
Y V32
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0.4) 33
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3
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11
(iii)

33

(i11) Point of intersection i,—
22
Area

= J:/z y dx —area of trapizum
= I,f(3sint—sin(3t))3(—sint+sin 3t) dr-%(%(&/@i@j
13
I 3s1n t +4sintsin(3t) —sin (31)) t—E(—)( fj
I ( (cos2t 1} 2(cos4t—cos2t)+%jd _—\/_

I ( 2+—cos2t—2cos4t+C0;6t]d ——\/_

i %
_3| 24 Tsingy 2sinde sin6r 765
L 4 4 12 » 24
2 (B B
=3 - == 4] —= No o __\/—
3 4(2] ( )}
3

or

Area

x dy +area of triangle

~ by
_J' (3cost—cos(3r))3(cost— cos3t)dt+2( j( V3- \/gj

= 3L% (3 cos’ t —4cost cos(3t) +3cos’ (3t)) dr+ Z\E

_3_[ ((cos2t+1j 2(cos4t+cos2t)+%jdt+§\/§

= 3I% 2—lc052t—20054t+ cos 61 dt+£\/§
% 2 2 24

=3 2t—lsin2t—
4

251n4t+sm6t +£\/§
4 12 o 24

27 1(3) B| 25
(TZ(T)*TH*Qﬁ

=7z+§\6
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)




