MATHEMATICS SEMINAR SOLUTIONS
1a)y +§ =25
y*—25y+1=0
2y —-5y+2=0
2y —4y—y+2=0
y-=2)2y-1)=0
y=2=log,160ry = =log, 16
Vx =16 0or x* = 16
x =256 0r x =4 (discard x = —4)

b) 2P + 29 =320 andp+q =14
2PH4 = 2P x 29 = 2% = 16384. let2P =xand29 =y
X+y=320u..(i) xy=16384...... (id)
x(320 — x) = 16384

320x — x? = 16384, thus x? — 320x + 16384 = 0

320 +,/(—320)2 — 4 x 1 x 16384
X =
2x 1

x =256 =2Porx =64 =2P

2P =256 for 29 = 64 or 2P = 64 for 29 = 256

2P =28 for 29 = 26 or 2P = 26 or 29 = 28
p=8forq=60rp==6forq=S8.

2 a) (x+ iy)(x+iy)? = x2 —y? + 2ixy

x2 —y? + 2ixy = 7 — 6V2i

Equating real and complex parts.



x2—y2=7o0r2xy= —6V2
On solving
x=3 wheny= —J2 or x= —3wheny =2

b) (i) f(z) = 223 — 4z —5z—3
f(3) = 2x0% — 4x0? — 5x0 — 3

f3)=0
(ii) 223 —4z2 —52—-3=(z—3)(2z2 + 2z + 1)
On solving
-1 i -1 i
z=3,2=—+-,2=——=
2 2 2 2

3 a)Let n = number of three — moonth periods

S, =3000000,P = 500000,R = 3,time = n three — months periods

)n+1—k

Let A, =P(1 + 2

00 be amount got after the k** deposit made

A =50000(1 +%)n = 50000(1.03)"
A, = 50000(1.03)""1
As = 50000(1.03)"2
A, = 50000(1.03)*
Total=S§, =4, +--+ 43+ 4, + 4,
3000000 = 50000[(1.03)* + (1.03)? + -+ (1.03)®2 + (1.03)™ 1 + (1.03)"]
3000000 = 50000[1.03(-=—1)]

3000000%0.03
1.03"=——"T—"T-+1
50000%1.03

1.03™ = 2.747573

__ Ln2747573
Ln 1.03

n = 34.1935
Number of months = 3 X 34.1935 = 102.58 (4 5. f)



0 (%)

1 1
=1—-x)3(1+x) sforn==,x=(—x)andn = —é,x =x

[SSHNTY

(1—x)§= 1—§x—§x2(%)+-~-

4.3) f(n) =3"" +5" -2
Forn=1,f(1)=32+51-2=12
f(1) = 4 x 3. Hence true for n=1.
Forn =k > 1,assume f(k) = 3?% + 5% — 2 = 44 is a multiple of 4
~ 3% =44-5F+2
Forn=k+1,f(k+1) = 32Kk+) 4 5k+1 _ 9
f(k+1)=9(32%) +5(5%) —2=9[44 — 5% + 2] + 5(5%) — 2
f(k+1)=36A+18—9(5%) +5(5%) -2
f(k+1) =364+ 16 — 4(5%) = 4[94 + 4 — 5]
Since k < A > 3,then 94 + 4 — 5% is a positive integer.
f(k + 1) is divisible by 4. True, 3™ + 5™ — 2
is a multiple of 4 for all integers,n > 1

b) 3121 ¢3 = i(Zn)z(Zn +1)2

r=1



=n?(2n+ 1)?

Y3 =13+22+433 40+ (m+ 13+ +(2n—-1)3+(2n)3
yam o3 =13+33+53 L+ 2n—1)3+23[13+ 23+ 3% .. +n?]
n?(2n+1)? =13+ 3% + 5% ..+ (2n — 1)* + 8[; (2 (n + 1)?]
13+33+53..+(@2n—-1)2=n?2Q2n+ 1) —2n’(n + 1)?

=n?[2n+ 1)? = 2(n+ 1)2
=n?[4n? + 4n+1—2n? — 4n — 2]

" @2r—-1)2=n22n%2-1)

5.a) Forx-2
P(2)=23+a2%2+b
P(2)=8+4+4a+b

P(2)=0
4da+b=-8-——-———————— (D)
Q(-1)=-1+a+b
a+b=-14—-—————————— (i)

On solving the two equations

a=2and b=-16

b) The least value is —18

5 1 3
6.3) Tt iZ T ooe

b) = — 6x + 22
4 16



7.@)aVx+7=2+Vx—1
x+7=4+4Vx—-1+x—-1

1=+vx—-1
1=x-1
x =2

Checking: L.H.S =v2+7 =3

RHS=2++v2-1=3
LHS=R.H.S hencex =2

Z+1 x+iy+1
b) Z—i  x+iy—i
_ (x+D)+iy
T x+i(y-1)
[(x+D)+iy][x—i(y—1)]
[x+i(y—-D]x—i(y-1)]
x(x+1)+y(y-1)+i[xy—(x+1)(y—1)]

x2+(y-1)2
_ xGeD+y(y-1) | y=(et D@D
x2+(y—1)2 x2+(y—1)2
Z4x+y2- -y+x+1 24x+y2- —y+x+1
:x Xty y y+x l,fora:x X+y y’ — y+x :
x?+(y-1%  xP+(y-1)? x2+(y—1)2 x2+(y—1)2
-1a _ -1 [ -y+x+1 . x2+x+y2_y] _ m
Hence, tan 5 tan Tt rG1)? ”

—y+x+1l _1
x24+x+y2-y
x*+x+y?—y=y—-x-1

x2+2x+y?—2y+1=0iscirclex? +y?+2gx+2fy+c=0
for constants f, g, and c.

n! n!
8.a) (n—3)!3! + -2z

n(n-1)(n-2) n nn-1)

4n
6 2

%(n3—n) = 4n

nn?—-25)=0

n=>5



b) Introducing In on both sides
Ine3**4 = [n2e2*7Y
3x+4y=In2+2x—y
X+5y=mn2.. ... ...()
XxX—=5y=In8 ... cc. o ... ... (I0)

Solving the two equations simultaneously
1
x=2n2 andy = — glnz

c) (i)

For2x+9>=0

—x—3<2x+9 ALT: (—x — 3)? = (2x + 9)? etc
—3x <12

—3x 12

373

x> —4

For 2x+9) <0, [2x +9| =—-(2x+9)
—x—=3>—-2x+9)

x+3>2x+9

—x>6

—x 6

-1 -1
x < —6

o (i)x=0,x=1,x=2

9(a)p =3o0rq=-10

(b) a+p=-2
aﬁ=§

+

R I™

Sum of roots =

S

2 b?_2c
(a+B)=—2aB _ a%Z a

c
aB Z




b? — 2ac

ac

Product =1
acx? — (b? —2ac)x+1=0

(c) r=06anda =2

10.a) 3SinAcosa —3cosAsina = cosAcosa — sinAsina
3SinAcosa + sinAsina = 3cosAsina + cosAcosa

Sin A (3cosa + sina) = cos A(3sina + cos a)

3Cosa+sina _ cosA
3Sina+cosa sin A

__(3cosatsina)/sina

Cot4d =— -
(3sina+cosa)/sina
3cota+1

CotA =
3+cota

1
3+cota 3+(—3)

Hencetan A = = 2

3cota+l 3(—§)+1

tanA =-5 withtana = —2.

tan A+tana
l1-tanAtana

tan (A+a) =

-5+ -2
1-(—5%x-2)

tan (A+a) =
7
tan (A+a) =3
X
b) cosx = sin~
1-2sin?Z =sinZ
2 2
2sin?Z4+sinz—1=0
2 2

.ox  —1+/(1)%-4x1x-1
sm-=——
2 2X2



sinX =2 but sinZ # —1for0° <X <90°
2 2 2 2

x .11
= =sin"1==30°
2 2

2tan2A __  2tanA

11.a) —— = > ALT 1: 2cos3AsinA = 0 etc
1+tan<2A 1+tan<A
2t
2(1—t2 _ 2t

2, 5 ALT 2: 2sin2Acos2A — sin2A = 0 etc
1+(m) 1-t

4t(1-t%) 2t
(1-t2)2+4t2 ~ 1-t2

2t(1-t?) ¢t
(1+t2)2 ~ 14t2

2t(1 —tHA +t) —t(1+t?)? =0

1420 =>t(1+)[20—-t2) -1 +t2)] =0
t2-2t2-1-t¥)=0
t(1-3t3)=0

t=00rt=i§

A=tan"10, tan"1(— ?) or tan_l(g)
A =180°,150°,330°,30%r 210°

2 tan24 is undefinedif 1 — t2 = 0, for t = +1 for A = 90° or 270°

1-t2

A =30°90°150° 180, 210°,270°, and 330°.

_ (sina+cosp)?—(cosa—sinp)?*

b)L.H.S = 2(sina+cosp)(cosa—sinp)

sin?a+cos?B+2 sin a cos f—cos?a—sin?B+2 cos asin f

~ 2sinacosa+2cos acos B—2sinasin f—2cosf cos

_ cos?B-sin?f—(cos?a—sin?a)+2(sin a cos f+cos a sin B)

~ 2sinacosa-2sin P cos B+2 (cos a cos f—sinasin f)

__ cos2f—cos2a+2sin(a+p)
sin 2a—sin 23+2 cos(a+pB)

—2sin(B+a) sin(a—pB)+2 sin(a+p)
2cos(B+a)sin(B—a)+2 cos(B+a)




__ sin(a+pB)[sin(a—p)+1]
- cos(a+p)[sin(a—p)+1]

=tan(a +pB)=R.H.S
12.a) R.H.S = %cot%

__ 2R(sin A—sin B) c

2R (sin A+sin B) 2

A+B A-B

2cos—— sinT c
= A+5___ A-B COU7

in —— - - 2
2sin 2 cos 2

C05(90"—;(:) A-B  C
= ———%Ftan—cot-
sin (90°-5) 2 2

b)a=4cm,b=6cmandC = 127.2°

A-B 4-6 127.2°

tan— = —cot
2 4+6 2

tanA%B = —0.099281

% = —5.6698° ............. (D)
ME LT 26.4° ...... (i)

@+ G, A=20.73°
(i) — (), B =32.07°

13.a) tan oc:g
x=56.31° ,R = 2v13
7.21 sin(6 — 56.31°)

bi)
7.21sin(6 — 56.31°) = 0



6 = 80.9°
b ii) Maximum =49

Minimum =-3

2 -1
14.@)a) x=3+2a—-f..... (D ALT:n:<—3>><<2>
1 3
—3Xx3—-1x2 -11
y=1-3a+2p.... (i) =<1><—1—2><3>=<—7>etc
2x2-3x-3 1

z==24+a+30.... (iii)
20+ (i) = 2x+y=7+a«
3 )+ (i) =>3x+z=7+7a
=3x+z=74+72x+y—7)
1x+7y—2z—42=0

11
b)d = ( 7 ) is parallel to the line

-1
X -5 11
The 1 line is <y> = <—7> + t( 7 )
z 25 -1
x=-=5+11t, y==7+7t, z=25—-t .....(0)

11(-5+11t) + 7(=7+7t) — (25 —t) = 42

=55+ 121t —49+ 49t - 25+t = 42

171t =171

t=1

x=-54+11,y=-7+4+7,z=25-1
x=5y=0z=24

The foot is (6,0,24)



7 -1 8
15.a) d = <4> - (—6) = (10) is direction vector
2 6 —4

Qisr=(7+8wi+ 4+10u)j+(2-4u)k

8 3
—4 1

=24-20—-4
dy.d, = 0, hence perpendicular
Also, 31 =7 + 8u .... (i)
1-21=4+10u....(ii)
3+A=2—4u... (i)
(i) +2(iii) 34+6+21=7+4hence51 =5
A=1
1

n=536-7=-;

y=4+10(—%)=—1

Also,y =1-2(1) = -1
3 8
C) d3 = (—2) X (10)
1 —4
—2X—-4x10
= ( 1x8—-3x —4-)
3x10—-8x -2
-2
-(2)
46
3 -2
Line is (—1) + t(ZO)
4 46
2 -2 2 -2 2 -2
16.a).(3>.(—1>= (3) <—1> (3).(—1)
1/ \-3 1 -3 1/ \=3

etc
—4-3-3=/A4+9+ 1) x/(4+1+9)cosb
—10 = 14cos @

X cos @ ALT: X sin a

()

()




6=—=
CoSs 7

— -1 5
6 = cos " (— 7)
6 = 135.58°
Required,a = 135.58° — 90°
= 45,580

-5
b)r =|PQ| = {2 +3)?+(-1-2)2+(3- 1)} ALT:PQ = ( 3 )

-2
. -1
q=|PR|={2-1?+(-1-3)2+(3+2)?} PR = ( 4 ) . Get normal
-5

etc

p=|QR|={(-3-1)2+(2-3)2+ (1 +2)}

r=+v38, q= V42, p=+v26
r = 6.164414 units, q = 6.480741units,p = 5.099020 units

1
s=5 (6.164414 + 6.480741 + 5.099020)

s = 8.872087 units

Area = ,[(8.872087)(3.773067)(2.391346)(2.707673)

Area = 14.7224 sq.units

17.a)p=—§
bi)r==-3i+j+5k+27i-j-k
18.a) 6

b)r = —4i + 6j — 6k + A(—2i — 14j + 2k)

c)—5i—j—5k
d) 50.6°



-5
19.8)r = |PQ| =/(2+3)?+(-1-2)2+ 3-1? ALT:PQ = ( 3 >
—2

-1

q=|PR|={(2-1)?+(-1-3)2+ (3+2)} ﬁ=<4
-5

) . Get normal

etc

p=QR|={(-3-12+(2-3)2+(1+2)%

r=+38, q= V42, p=+26

r = 6.164414 units, q = 6.480741units,p = 5.099020 units

1
s=3 (6.164414 + 6.480741 + 5.099020)

s = 8.872087 units
Area = ,[(8.872087)(3.773067)(2.391346)(2.707673)

Area = 14.7224 sq. units

20.a) y=mx+ca () x2+y*=r2....(i0) c2=r(1+m?

Putting (i) into (ii) x? + (mx + ¢)? = r?
x2+m?x?+2mex+c?2—1r2=0
2mec)2 =41 +m?)(c2—r?)=0
4m2c? —4(1+m?)(c?-r?) =0
m?c? — (> —=r2+m?c? —m?r?) =0
m2c2—c?+r2—mict+m?r?2 =0
c2=r2(1+m?
b) At (=1,13) 13 = —m+c...(i) Withr? =10
2 =101 +m?) e vt s e e (D)
(13 + m)? = 10(1 + m?)
169 + 26m + m? = 10 + 10m?

9m? —26m—159=0



_ 264/(~26)2—4x9x—159
- 18

c=;+13=Z—O orc=—3+13 =10

y=5§x+? ory=—-3x+10

21.a) At t, p =q =t for the tangent

t2y +x =4t
1 4 1
b) Tangent y = — X + " has slope m; = -5

Normal at T has slope = m, = t?

= tz
x—2t

y—%= t2(x — 2t)

ty — 2 = t3x — 2t*

ty — t3x + 2t* — 2 = 0 is the normal

Normal meets curve again, first at x; = 2¢t,y; = %

Xy =4....(0) and ty — t3x + 2t* — 2 =0 .... (ii)
txy —t3x%2 + 2t* = 2)x =0

4t —t3x? + (2t* — 2)x = O with roots x; = 2t, x, =?

4t

X1X2 = T35

Xy = _—[3 + 2t
2

Xy = — =

2 3



Y= =43
y, = —2t3
R(-Z,—2t3)
3’

22.a) y=—-3x+ 25

b) (x = 7) + (y — 4)2 ==
c)k= 13—0
23.8))f(x)=4x+4=0
ax=-1
f"(x) = 4 <0, hence minimum at x = —1.
fC1D) =2-1)*+4(-1)-6=-8
(—1, —8) minimum point
Intercepts,x = 0 at f(0) = —6,at (0,—6)
fx)=2x*4+4x-6=0
x+3)x—-1 =0
x=-3o0rx=1

(—3,0)and (1,0)

g(x)has maximum at (—1, — %)

And vertical asymptotesat x = -3 and x = 1

Asx = t+oo,g(x) = 0



Sketches of f(x) and g(x)

Y

g(x)

x=1

b) Volume= f_ol m(2x% + 4x — 6)% dx
= [0 m(4x* + 16x3 — 8x? — 48x + 36)dx dx
= n[§x5 + 4x* — §x3 — 24x?% + 36x]°,
=0- n[g(—1)5 +4(-1)* —2(—1)3 — 24(-1)% + 36(-1)]

812 , .
Volume = = cubic. units

o_1_T1

24.a) a) tan30 =5=x

_ 1 2 _ R

r—ﬁh, Tt =
V=§7rr2h



1 h? 1
V=-n.—.h=-nmhd
3773 9

ds _ds _dh _ av 1 av
—=—Xx—X—whereS =nr?2 =-mwh*and— =9 cm3/s
dt  dh’ av " adt 3 at

s 2 av _ 1 .5
— ==mh — ==1h
dh 3" dh 3
s 2 3
—==thX—X9
dt 3 h?
ds _ 18
dat  h
ds 18
Ath=10cm, — =—
dt 10
ds
— =1.8cm?/s
dt

b) R? = (2r)% + (2)?

2

R? = 4r2 + L
4
V =nr’h

_Tyep2 R
v="h@®2-1)

. dv  mwR? 3mh?
For max or min volume, — = — — =0
dh 4 16




hZ 2
R? —3Tthush = [*R% _ 23R

3 3
d?v 3mh
— = —— < 0 hence max volume
dh? 8
m 2V3R R?
Vmax =-. '(RZ__)
4" 3 3
v __ V3mR?
max — 9

2r

25.8) Let P = population that has heard the rumour at time, t hours after 8:00 a.m.

dP
= « P(1000 — P)

dP
== = kP(1000 — P)

At P =100, Z—IZ = 10 people per hour

10 = k(100)(1000 — 100)

1

9000

— % _ 2 (1000 —P) is the di .
dt ~ 9000 is the dif f.equation.
i a1

b i) fP(lOOTP)_%oofdt

1 _A B

P(1000-P) P = 1000-P




1= A(1000 — P) + BP

PutP =0, 1 = 10004 thus A = —
1000

Put P = 1000, 1 = 10008 thus B = —
1000

1 dapP 1 dpP 1
&g
1000 f P 1000 I (1000-P) 9000 f

InP —In(1000 — P) = g +c

At t = 0 hour, P = 100 people

n100 — [n900 = ¢
c=—In9

InP —In(1000 — P) = g — In9

ln( 9P ):

1000-P

t
9
9p ¢

= e9
1000—-P

t t
9P = 1000e9 — Pe>

P (9 + eé) — 10005

t
1000e5
p =25
9+e9

At t = 24 hours,P =?

24
1000e9
P =%
9+e9

P = 615.25170 = 615 people(0 d.p)
b) (ii) At P = 900 people, t =?

9p

t= 91n(1000—}’)
9%900

t= gln(moo—goo)

t = 39.5500 hours = 39 hours 33 minutes



Required time = 8: 00a.m + 39 hours 33 minutes

= 11:33 p.m on the next day.

26.3) cos6y = 2cos?3y — 1 = [ cos? 3ysinydy = ;f(l + cos6y)sinydy

~ [ cos? 3ysinydy = ;f sinydy + %f cos6ysinydy
= %fsinydy + if 2cos6ysinydy
= %fsinydy + if(sin6y — sin5y)dy

1 1 1
= —;cosy + Ecos7y - %COSS}I +c

_(1/4 ’1—2x _(1/4 ’(1—2x)2
b) I'= fO 1+2x dx = J‘0 1-4x2 dx

1
dx = 3 cosudu

X u
Ya /6
0 0
/6 1-sinu 1
I = fO m.;cosudu

I = foﬂ/6(1 — sinu)du
1 L4
=5u+ cosul;
= 1[E 427 Leoso
216 6 2
LN

1
12 4 2



MECHANICS

NUMBER 1

a)

i) v(®) = 5 [r@)]

—d[4 2sin 2t]
=7 sin

= —4cos2t

i) a==[v(o)]

= d[ 4cos2t]
_dt COS

= 8sin2t
b)

i) initial displacement
r(0) =4 —2sin0
=4
i) initial velocity
v(0) = —4cos0
= —4
iit) initial acceleration
a=8sin0
=0
c) the time when the particle is
i) at rest
v()=0
—cos2t=0
2t = cos™10

T 3w



The critical points give us the intervals

5 3l

v (g) = -4 cosg

= —ve < 0{moving to the left}

v (g) = —4cos2 (g)
= +ve > 0{moving to the right}
v (7_11) = —4cos2 (7_71)
8 8
= —ve < 0{moving to the left}

NUMBER 2

let m be the mass per unit area

SHAPE AREA WEIGHT DISTANCE OF CG | MOMENT ABOUT
FROM BASE THE BASE
TRIANGLE 0.4y 0.4ymg ly 0.2y’mg
2
RECTANGLE 2 ’m, 2 2
y y“mg S = y3mg
COMPOSITE (0.4y x 0.4y + y*)mgx
+y*)mg

2
(0.4y + y*)mgx = §y3mg +0.2y*mg

x =0.171m (wheny = 0.3)
b)

for toppling to occur:

the moment of the rectangle = the moment of the traingle

at the interface
2
0.4ymg x 0.2 = y?>mg X 37

y = 0.346m

NUMBER 3




140 +21j + 24k
==

=Zi+Zj 46k
2 4

@i

v=fadt
—f7'+21'+6kdt
=) 2ty
—7t'+21t'+6tk+
U—E [ 7 ] c
whent = 0,v =0 there fore; c =0

_7t'+21t'+6tk
vEgttTt gt

v(2) =;(2)i+%(2)j+6(2)k

=7i+10.5j + 12k
Speed = |v(2)]

=17.414m/s

displacement,r(t) = fv dt

—f7t'+21t'+6tkdt
=)ttt
7 21
r(t)=Zt2i+?tzj+3t2+c
whent = 0,r = —4i + 2j

C= —4i+2j

7 21
r(t) = (th —4)i+ (gtz +2)j+ 3t%k

P = G~ 4) i+ (0 +2) ]+ 3047



=24i+44j+48k
Distance = [r(4)|
=69.3974m
NUMBER 4
a) Time to reach maximum height

v=u-+at

usin @
T:
g

_ 60 sin 30
T10

=3s
b) the maximum height
v? =u? + 2as
0 = (usin8)? — 2gH

_ (605sin 30)?
T 2(10)

=45m
c¢) time of flight
T=2@3)s
d) the horizontal range of the particle
x=ucosft
= 60cos 30 (6)
=311.77m
NUMBER 5

Initially

k.e= %(2.8)(6)2
p.e = 2.8(9.8)(0.75)

After making an angle@



k.e = %(2.8)112
p.e = 2.8(9.8)(0.75) cos 0
total energy before = total energy after
kepefore + D-pefore = keafrer + Peasier
50.4 + 20.58 = 1.4v?% + 20.58 cos §

s~ v?=50.7 — 14.7 cos 0

2
v
b) for circular motion T = mT +mg cos 0

200 = 2.8 (50.7 — 14.7 cos 6) +2.8(9.8) P
=~ 0.75 OL7.8) cos
50.7 — 14.7 cos 6
200 x 0.75 = 2.8 (T) %X 0.75 + 2.8(9.8) cos 8 x 0.75

cosf =—0.3907

0 =113°
Number 6
(=) D 3 C
V2N
4 2
2V2 N
A 2

Fx =2+ 3 +2./2C0S 45 + /2C0S 45
Fx =8N
Fy =2+ 4 + 2\/2sin 45 — /2sin 45
F,=7N
Resultant =+/82% + 72

=10.63N



(b)
xFy —yF,=m
7x — 8y = —4
NUMBER 7

a) position of B relative to A at any time t

1 —6
14(t) =<2>+< 0 )t
3 1
4 -5
rg(t) = (—14) +( 1 )t
1 7

gt (£) = 15(t) — 14 (t)

SOREIR BN O

3+t
=(—16+t)
-2+ 6t

b) time that elapses before the trains are closest to each other

|ama O = G+ 62 + (=16 + D2 + (=2 + 6t)?
|BTA(t)|2 =94 6t +t% + 256 — 32t + t% + 4 — 24t + 36t>

| 52 (0] = 38t2 — 50¢ + 269

d
15 ®)|’] = 76t - 50
76t —50 = 0

25

t=—
38 °

¢) least distance between the trains in the subsequent motion
E) =38(Z) -50(2) + 260

54 38/l ~°°\38 38

d =+V252.5526

=15.891m




NUMBER 9
F —Rr =ma

28000
—4v =1000a

28000 — 4v?
= "1ooov
_ 7000 — v?
T 250w
dv 7000 — v2
dt = 250v

b) the time taken for the car to pass between A and B

250v

———dv=dt
7000 — v2 "
Intergrating either side

40

j 250v dv = [ dt
7000 — 2V T
10

t = —125In[7000 — v2]#3

= 30.64 s

PROBABILITY SOLUTIONS

10

E(X) = J-mxf(x)dx




_(? (19 -xP)

= f_3x<—36 >dx
E(X)=0

Var(X) = E(X2) — E(X)

(" 1(9 — x2)
—f_1x2<—36 )dx—O

Var(X) = 1.8

b,

3 — .2
o= [ (25
2
2

27

II

o =+VVariance = V1.8 = 1.3416

P(|X]| >0)=P(X < —0)+P(X >0)
P(|X| > 1.3416) = P(X < —1.3416) + P(X > 1.3416)
—1.3416 1(9 _ x2) 3 1(9 _ x2)
- f O et f X)) o
-3 36 1.3416 36
= 0.186959 + 0.186959
~ 0.3739

11

f:)f(x)dx =1

24 _182
G181
0 k

(24-18)° —(0-18)°

3k
2016
=1

k
k = 2016

2 2
_[*(x—18)
P(X<2)_f0 e dx
(2 - 18)% — (0 — 18)°
3 x 2016

31
P(X<2)=m

31
—— X 365 = 104.7685
108

~ 105 Days
E(X) = f f () dx

o)

J“ (x — 18)?
= X —-
0

X

2016
1 24
SOTE (x3 — 36x2 + 324x)dx
0
10368
2016

E(X) =5.1429




12 F(15) =1
a k(2(1.5)3 —15%) =1
27 r o1
16

16

k=—
27

b, | P(Students who spent more than 1 hour on homework)=P(t > 1)
P(t>1) =F(1.5) — F(1)

16
1- 2 @M 1%

11
P(t>1) =57

0, t<o0
F(t) = {k(2t3 —th), 0<t<15
1, t>15

d
f@=agm
t<0,f(t) =E(O) =0
0<t<15f() = %(;(25 - t4)) = £(6t2 —4t3)
d
t>1.5,f(t) ZE(D =0

16
£(8) = {ﬁ (6t> —4t),0 <t <15

0, otherwise

d, E(T) = fmtf(t)dt

1.5 16
— _ 2 _ 3
_J; t27 (6t% — 4t3)dt
E(T) =09

13

P(RnRnR) =

P(RnRnW) =




P(RWR)—l 2,21
MR =9%3%47 %
P(RnWnW) = 1.2 2—1
) =2X3%37 %
P(WRR)—l 2,2 1
M =573%1 76
P(WRW)—1 2,21
nen 2%3%%7 %
P(WWR)—l 13 1
v 2%3%3738
P(WWW)—1 LIV
v 273747 24
a P(Second and third bead are the same colour)

= P(RnRnR) + P(RnWnW) + P(WnRnR) + P(WnWnW)
_ 1 1 1 1 1 + 1 _ 5
T 24 6 6 12

b Let x be the number of red sweets

O 1 px = 0) = PWnWnW) = %

1 1 1 11

P(X =1) = P(RnWnW) + P(WnRnW) + P(WnWnR) = 6 + g + g = ﬁ
1 1 1 11
P(X = 2) = P(RanW) + P(RanR) + P(WTLRTIR) = § + g + E = ﬁ

1
P(X =3) =P(RnRnR) = —
( ) (RnRnR) 22

x PX=x) xP(X =x)
0 1 0
24
1 11 11
24 24
2 11 22
24 24
3 1 3
24 24
N xp(r=x)=22 =15
x =x)=-,=1

Expected number of red sweets in the box=1.5

14 {0.813
(a)

(b) | 0.556




15 a = P(lhead) = 0.7 x 0.5% + 0.3 x 0.5 x 3
a _ 1
”5
b=07x05%x3+03x0.5>x3
3
~8
c=0.7x%x05%%x3+03x0.53
3
~ 10
b E(X) =ZxP(X = x)
E(X)=0x > +1x1+2><3+3>< 3 +4 X 7
~ 7780 5 8 10 80
£ = 76
~ 80
=22
16 | Let the probability that Masandugu has to stop at the first second and third sets

of lights be P(51),P(S2) and P(S3) respectively.




II

probability that Masandugu has to stop at each of the first two sets of lights but
does not have to stop at the third set= P(51nS2nS'3)
P(S1nS2nS'3) = P(S1) x P(52) X P(5'3)
=0.4x%x0.8x0.7
= 0.224

III

Probability that Masandugu has to stop at exactly two of the three sets of lights
= P(51nS2nS'3) + P(S1nS'2nS3) + P(S'1nS2nS3)
=04%x08x%x07+04x%x02x03+0.6x0.8x0.3

= 0.392

v

probability that Masandugu has to stop at the first set of lights, given that she
has to stop at exactly two sets of lights=
P(51/ Masandugu has to stop at each of the first two sets)

P(S51nS2nS'3) + P(S1nS'2nS3)

~ P(S1nS2nS'3) + P(SInS'2nS3) + P(S'1nS2nS3)
0.248

~ 0392
~ 0.6327

17

Let leopards be X
X~N(55,62)
46 — 55 62 — 55
P(46 < X < 62) = P( e
=P(-1.5<Z < 1.167)

)

[Commented [NC1]:

[ Commented [NC2]:




= ¢(1.167) + ¢(—1.5)
= 0.37839 + 0.43319
= 0.81158(Calc)

I~N(42,02)
P(l < 36) = 25%

36 —42
P(z< ):o.zs

o
36 —42
Let a =

o
P(Z<a)=05

36 —42

= —0.674
o
oc=89kg

18

Let the length be x
X~N(5.2,1.52)

P(X<6)=P(Z< _ ):P(Z<0.533)

= 0.5 + ¢(0.533)
= 0.5+ 0.2031

=0.7031

X~N(u, %)

46
P(X < 3) = 5= 0092

P(X>8) = 95 =0.19
T 500
3-u
P(Z<—) = 0.092
g

3 —
leta=="%
a




P(Z < A) = 0.092

—A =133

3—u=1330..cccee e eqn 1
8—u
p (Z > —) =0.19
o

8—pu

let B = >
P(Z > B) = 0.19

B = 0.88
8—u=0880.....ceeceeveeree...eqn 2
Solving egn 1 and egn 2
3—u=1330
8 —u=0.88¢
5
o = m = 2.26
u=3+133x%x2.26=6.01
STATISTICS
19
a Weights | f | Class boundaries | x xf | X’f F iorcw |fd
20-24 3 [19.5-24.5 22 66 1452 3 |5 0.6
25-29 5 ]24.5-29.5 27 135 | 3646 8 |5 1
30 2 |29.5-30.5 30 60 1800 10 |1 2
31-34 6 |30.5-34.5 325 1195 |63375 |16 |4 1.5
35-49 9 |34.5-49.5 42 378 | 15876 |25 |15 0.6
sum 834 | 29110.5




Mean weight =823—4

Standard deviation = \/ (

= 33.36kg

29110.5 _ g 2
) — )

= 7.1785kg

if)

Weigh | 24.5 | 26.5
t

29.5

F 3 X

8

x—-3 _ 8-3
26.5-24.5  29.5-24.5

X=5

Weigh | 30.5 | 32.5
t

34.5

F 10 |a

16

a-10 _  16-10
32.5-30.5  34.5-30.5

a=13

-~ between =13 —5
= 8boys




20




i
FEHER EEE T B
Tp{ s 'i__“ B ;FWF:
if) +H LT
iiE R
i)
X y Rx Ry |d] | d?
35 86 3 7.5 4.5 20.25
65 70 8 3 5 25
55 84 6 6 0 0
25 92 2 9 7 49
45 79 4 5 1 1
75 68 9 2 7 49
20 96 1 10 9 81
90 58 10 1 9 81
51 86 5 7.5 2.5 6.25
60 77 7 4 3 9
~ 6x2725
P =1"9509)
= —0.6515

It is significant at 5% since |0.6515| exceeds 0.65 .




21

Class f X xf | Xf cf
0-10 14 5 70 350 14
10-20 19 15 | 285 |4275 33
20-30 15 25 | 375 |9375 48
30-40 20 35 |700 |24500 |68
40-50 12 45 540 |24300 |80
W S fx 33 fx?=
=80 1970 | 62800
1970
Mean = 80
Mean = 24.625

62800
Variance = T 24.625%

= 178.6094




22

q0
B0 /
-
Fo+ !
Cv oot f
7 oo e A I
Fea et A
Fatasny /|
H,mLP" o /
0 £, 7
> U
b' LJ ! ‘_/ |
¥ |
%0 _,-’Jr
/ I
, /
A0r i |
J | .
o -;- P 5( (\c-\"-'
| \/
A
h —- -~ T —t
8 = "'_": J' i : 0 r.ra 1o
ﬁ (o 10 A # "
, ’11‘ Llh( (i#thj)
Exceeded by 75% = 50 -36
= 14 hours.
. . __price of the current year
Price |ndex - price of the base

For X, 125 = —— x 100
3200

Price of X in 2024,P=4000

For Y, 105=——

4000
Price of Y in 2024,P= 4200
For Z, 120 = —
4500

Price of Z,P=5400

Composite price index= %‘3’

I-price index
W-weights




3X125+5%X105+2x120

Composite price index=
3+5+2

Composite price index= 114

> PiW

C | Weighted aggregate price index= Srow X 100
_3><4000+5><4200+2X5400X100
" 33200+ 5 x 4000 + 2 x 4500
=113.47
23
(@) | P(A)=0.5
(b) p(A'/BY) = 0.25
(c) [ 0.7
NUMERICAL ANALYSIS
NUMBER 24
b= b—a
“n-1
po 60
T 7-1
=1
x xe ™*
0 0
1 0.3679
2 0.2707
3 0.1494
4 0.0733
5 0.0337
6 0.0149
0.0149 1.1983

6
1
fxe"‘dx = [0.0149 + 2(1.1983)]

0

=121
b)

fxe_xdx




Using by parts

— dv_ —-X
u=x o=
du_1 -
Lol v=-e
= —xe ¥+ f e *dx

= [—(x + 1)e *1§
=0.98

1.208 - 0.98
Percentage error = o8 X 100

= 23.3%

—this error can be reduced by increasing the number of ordinates.

NUMBER 25
77 a 78
4.3315 4.6500 4.7046
78 — 77 B a—177
4.7046 —4.3315  4.65 — 4.3315

77 —0.3185
@ = 703731
a=77.85

~ tan~14.6500 = 77.85°

78 79 79.6

4.7046 5.1446 b

796 -78 79 —-78
b —4.7046  5.1446 — 4.7046

b — 4.7046 = 1.6(0.44)

b = 5.4086

~ tan 79°36' = 5.4086

NUMBER 26




flx)=x®—N
f'(x) = 6x5
f(xn)

Xn+1 = Xn _f’(x )
n

(xn6 - N)
=X, - —
n 6,5
6x,° — (x,° — N)
- 6x,°
_5x,°+N
T 6xyS

5 N
nt1 = [xn + 5x 5]
n

¢) Dry run
Xn Xn+1 Is |xn+1 - xnl
< 0.0005
1.2 3.0429 NO
3.0429 2.5552 NO
2.5552 2.1760 NO
1.7676 YES

The root is 1.768
NUMBER 27
maximum possible error in M
(error = % x10™)

= 0.005

maximum possible error in N




= 0.0005

NUMBER 28
1
Volume of a cone ,V = §7‘[T2h
1
V+AV = §7T(r + Ar)2(h + Ah)
1
AV = gn(r + Ar)2(h + Ah) —

1
AV = §7r[2rhAh + (Ar)? h + r?2Ah + 2rArAh + (Ar)?Ah]
since Ar <<< r and Ah <<< h, (Ar)? =~ 0 and AhAr = 0

1
AV = §n[2rhAh + 1r2Ah]

| n[2rhAh + rzAh]|
lapon |

2Ar Ah ) ] _
| |T| (triangular inequality)

_2|Ar 4 |Ah
- r h

b) percentage error

0.005)  0.05
(2

——| + =) x
3.55 + 12.4) 100

= 0.685

NUMBER 29



=25

=t

D 7 1
f(x) =2sinx — Inx

1

f'lx) = 2cosx—;

2sinx — Inx

Xny1 = Xn — 1
2cosx — X
Xg = 265
2sin 2.65 — In2.65
x; = (2.65) — 1
2 cos 2.65 — €5

(make sure your calculator is in rad)
x; = 2.6358
X, = 2.6357

the root is 2.636



NUMBER 30

Weight (kg) 0.5 1 1.5 2
cost 1000 2000 3500 4000
a) let the charge for a parcel of 450g be a
0.45 0.5 1
a 1000 2000
1-0.5 _ 1-045
2000 — 1000 2000 — a
a =900
the charge for 4509 is 900/=
let the charge for 1.8 kg be b
1.5 1.8 2
3500 b 4000
2-15  2-18
4000 —3500 4000 — b
b = 3800
The charge for 1.8kg is 3800/=
c)let the weight be x
1.5 2 X
3500 4000 6200
x—15 2—15

6200 — 3500 4000 — 3500

x=42kg

the weight of the parcel is 4.2 kg




