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Advanced Higher Applied Mathematics 2004
Solutions for Section C (Mechanics 1 and 2)

Cl1. r@t) = (21 = 1)i - 3t + 1j
= v(@) = (4t - )i — 3j
= v | = J@r - 12 +9

When the speed is 5,
(4t — 1 + 9 = 25
(4t — 1)* = 16
4 - 1 = +4

[ = Zseconds (ast > 0).

C2. (a)
ve = 25V2(cos45° + sin45°)
= 2501 +J)
rr = 25t(i + ) asrr(0) = 0
v, = 20j
rp = 20t + ¢
Butr; (0) = 10isor, = 10i + 20¢j

The position of the ferry relative to the freighter is
rrp — I', = (251 - 10)i + SIJ

(b) Whent = 1
Ir[: = rLl = \/152 + 52
= V250 = 5V10 km
2 2 |
C3. (a) UsingTz—ﬂ:>8n=—ﬂ:>a)=~.
w w 4
Maximum acceleration = w?a
1 =t%a>=>a=4

(b) Maximum speed = wa = § x 4 = 1.

Using

Vo= wz(a —x2)
1 1 5

=] = —[16 =
(2) 16( x)

=16 — x°

=12
X = i2\/§m



C4. R

mg sin & mg cos 0

13

Resolving perp. to plane: R = mg cos 6
Parallel to the plane (by Newton II)

ma = —uR — mg sin 6
= —umg cos® — mg sin 6
a = —g(ucosf + sin )
=00+ 12wg
13

Using v? = u® + 2as
[ 2(5 + 12u)gL

0 =

13

2(5 + 12wgL

oL = ———F&

13
1
10 + 24u = 13:>,Lt=§
Cs. P

P = Mg

Mg

Combined mass= M + 0-:01M = 1.01M.
By Newton II

101Ma = (P + 0-05P) — 1:01Mg
1.01Ma = 1.05Mg — 1.01Mg
1.0la = 0.04¢
a = ig(: 03) ms°

101

page 3

12

2E1

2E1

2E1

1M1



Ce. (i) By conservation of energy, the speed of block A (v,) immediately before

the collision is given by
Vg = \/Qgh. 1

By conservation of momentum, the speed of the composite block (v¢)
after the collision is given by

I

2mve mva

2¢h 1M,1

=

Ve =
(i) By the work/energy principle
Work done against friction = Loss of KE + Change in PE

Fxh=1%02m)i2gh + 2mg x 1 h 1,1
mg
F=—+
2 7™
3 .
F = EW since W = mg. 1
7. (a) The equations of motion give
y = —g v(0) = V cosai + V sinaj
y = —gt + Vsina
y = Vsinat — g 1
Vv
Maximum height wheny = 0 = ¢t = — sina, and so 1
8
1% 1 V2
H=Vsinax——sina——g—7$in2a 1
g 27 g
2
= 1 sin’a
28
(®) (1)
VZ
h = — sin*2a
28
2
= — 4 sin*a cos’a 1
28
2)
= sinza(l - sinza) 1
8
2¢H
= 4H(1 - g_) since sin‘a = 2¢H 1
V2 V2
(i1) Since h = 3H
3H = 4H(1 - sin’a) 1
3
Z =1 - sin‘a
4
1
sina = — 1
4
) 1
sina = *— 1
2
:>a——and502a——§ 1
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Cs. (a) Radius of horizontal circle r = L sin 60° = 325 L.

r 3
AB:sin30°:2X§L:\/§L
Extension of AB,x = (V3 — 1)L
Tensionin AB, T} = %
= 2(\/§ = 1)mg.

(b) Resolving vertically (where T; is the tension in BC)
T, cos30° = mg + T, cos60°

3 |
-\é— X 2(\/5— l)mg = mg + ETZ

T, = (6 — 2v/3 - 2)mg
2(2 - \/§)mg

(c) Resolving horizontally (using L = 1)

o
Jo

T, sin 30° + T5 sin 60° = m(

% x 2(\3 - 1)mg + ? x 2(2 = \3)mg = m(

(2\/§—Z+4\/§—6)g=\/§a)
(6\/5—8)g= V3 o’

2_2(3\5—4)8
© V3

_[2(3v3 - 4)g
YINTT

R
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W)

m— = —mkv’ 1
dt
v—aili =~k 1
dx
ay = —kv*
dx
Separating the variables and integrating gives
[viav = [-kax 1
= v = —kx + ¢ 1
Atx = 0,v = U
-U' =c¢
sO
viekx + U 1
I
1+ kUx
. dx
(ii)) Nowv = —,s0
dt
v _U 1
dt 1+ kUx

j(1 + kUx)dx

jUdr 1

x + kUx* = Ut + ¢
Since x = Owhent = 0,thenc; = 0 1
kUx* + 2x = 2Ut
(iii)
V =1U = iU + kUx) = U

= 1+kUx =2 > x = — 1M,1
kU
The time taken
2 3
20t = kU + — = —
kU2 kU kU
{ = 3 1
2kU?
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