Answers

The questions, with the exception of those from past question papers, and all example answers that appear in this
book were written by the authors. Cambridge Assessment International Education bears no responsibility for the
example answers to questions taken from its past question papers which are contained in this publication.

Non-exact numerical answers should be given correct to three significant figures (or one decimal place for angles
in degrees) unless a different level of accuracy is specified in the question.You should avoid rounding figures until

reaching your final answer.

Chapter 1

@ (Page 3)

(i) (a)

vy, the vertical component of velocity, is zero

y=0

@ (Page 5)

Yes for a parabolic path.

u
u,— ot =0 when t =L
Y g g

u
and ut — 3gt2=0 when t = 25".

(b)
(c)
(d)

(i) (a)

The balls and the cannonball can be modelled
as projectiles when there is no spin or wind

and air resistance is negligible. Also a rocket

with no power can be modelled as a projectile. (b)

The effects of air resistance are critical to

the motion of the others, so they cannot be (c)

modelled as projectiles.

Exercise 1A (Page 5)
1 () (@& »

10 ms™!

35°

=Y

(b) u,=8.19ms!

uy = 5.74ms-1

(c] »,=8.19ms!
v, = 5.74 — 10tms!
(d) x=8.19tm

y=574t—52m

(d)

(iv) (a)

(b)
(c)
(d)

v f(a)

Y
5ms”!
0 2ms™! x
u,=2ms!
u, =5ms!
v, =2ms"!
v, = 5—-10tms-!
x =2tm
y=>5t—>52m

yT
04&3_1

u,=4ms!

=Y

u, = Oms-1

v, =4ms1

v, =—10tms!
x=4tm
y=-5t2m

0 13° 3
10 ms™
u,=9.74ms1
u, = —2.25ms!
v, =9.74ms"!
v, = —2.25 = 10tms!
x=9.74tm
y=-2.25t-5t2m
y
U
o -
0 X
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(b) u,=Ucos ams!
u, = Usin ooms~!

(c)] v,=Ucos ams!

", |
(b) (Vo B gtjms

v,= Usin o~ gtms-! (i) (a) ( a+ut
YA B C m
o (d) x=Utc.os0(n? 10ms™! b+v0t—%gtz
g : y=Utsin a—5gt>m
o i) (a) 7135° 2 (i) [(a) 1.47s
~: y (b) 25.8m
: 0 % (i) (a) 0.3s
: v (b) ( 8.19 )ms‘1 (b) 10.5m
> 7o 3 () 28m
§ 0 U § [C] 8.19¢ [II] 2.8m
b) .= uyms-l 7+5.746—5¢2 ) y["k”]
i, = voms-! (i) (a)
: (c) v, =uyms! YA
: vy, =1y — gtms~!
S [d] X = M()tm 20 13°
: y=110t—%gt2m g \;IOms1
. . 0 >
: 2 (i) (a] 1.5s x 0 i é |é >
: (b) 11.3m b 9.74 ; s
: i) (&) 05s —225-10¢)"" . .
: (b) 1.25m 4 T= usin@ + Ju?sin2 0 + 2 gh .
: ' 9.74t - ¢ ’
(i) {Ei 88m | 20-2.25¢—5¢ o= ”zsingcosg
: (i) (a) 0.866s UZNC) 0
§ (b) 217m ¥ +%,/uzsin29+2ghm
s : u,’? 24 ms~}
4 (i) =
: 24 @ (Page 14)
. oy 2u N
(i) — 0 T ms ] x  They land together because u,
25 " 5 s and a in the vertical direction
(i) (b) [ jmsl are the same for both.
. 24 — 10t
: . Exercise 1C (Page 15)
: Exercise 1B (Page 9) () 7t 9
g 1 [I] [a] ¢ D4t — 5¢2 m 1 [I] 17.3, 10ms—1
: (i) 0,-10ms=2
: & v ta) (i) 34.6m
: e g (iv) 15
S 10 ms Vo (v] 5m
: o : 5 2 (i) 253m
: ) gt . (ii) 455
: 4 * (i) 175m
. (b) 101 ms™!
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3 (i) 41.0,287ms! (i) No!Vertical displacement of the ball after

(i) 2.02s would be —0.2m, which means that
ol 112 3 4 5 6 Fhe ball would have hit the ground before
x 041182123 164 | 205 | 246 it reached the goalposts.
y |0 24|37] 41 | 35 | 18 | 7.9 lii) 21.8mst o
i) 11 (i) 0.467s : 3
) (i) 0.632s t 3
50 (iii) 25.7ms! § a
o (iv)] 29.1ms :
25 d A 12 (i)  Yes the range is 68.9m §
(i) 33.0ms! :
v N :
/ N 13 20ms1;17.9ms! :
0 50/ 1100 | 150 | 200 | ~250 :
14 () (a) 34.6m :
25 (b) 39.4m :
(c) 40m :
(iv] 41.1m,235m (d) 39.4m :
(v]  The ball is a particle, no spin, no air (e) 34.6m §
resistance so acceleration =g (i) 80sinorcosor = 80 cos (90° — ) sin (90° — ) :
4 (i) 17.2,8.03ms! (i) 57.9° :
(ii) 1.61s (iv] +0.297m;0.311 cm. The lower angle is §
(iii) 27.7m slightly more accurate. :
(iv) 0.803s 15 (i) 263ms :
[V! 3.22m (i) 27.6ms! :
(vi) 2.58m,No (i) 26.4ms!1<u<272ms! g
5 (] 103,147ms! 16 252m :
(i) 2.91s :
(i) Into the goal @ (Page 19)
(iv] No, the height of the ball is 6.39 m above 20 :
the ground when it passes above the ms~1, (0,6), 10ms=2 .
goalkeeper. [3()] §
6 (i) 4475 Exercise 1D (Page 19)
(i) 13.4km :
(i) 539ms- 1) y=ga :
liv) 56.1° (i) y=6+0.4x—0.2x2
7 () 765m L)y =14+ 17 = 52
. (ivl 5y=29+ 12x — x2 :
(i) 65.4m g2 :
(i) 47.7ms1, 61.8° to the horizontal. (V] y=2x- 202 :
24 . 7 2 (i) x=40¢ :
8 c059=2—5, s1n9=2—5; 976,1 = 24 when (i, (iv) §
t=0.5,yquOXO.SX%—5X0.52=5.75, y =3 HHH
y,=7-5%05 =575 0 7y o
) He=1 t=5 .
9 (i) 41.0ms! 0 4 :
(i) x=307my=42.0m e s
=0/ NpiH :
10 (i) 2.02s X0 80 120 10 20 20 % :
Cambridge International AS & A Level Further Mathematics Further Mechanics 3
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3 () y=2x— a2 (iii)
i) *
7 i
o 20
40 7 5 path of ball \
20 AN PIEREER
/ BAN 'I \
0" 40 80 120 160 200 240 x 10| \
(16,7)
Air resistance would reduce x. | > N
(iii)  Yes, horizontal acceleration = —0.5ms—2 5 i \\\
4 (i) 11.7ms1;31.0° /’/ ‘l N
0 10 20 30 40 %
@ (Page 22)
7 (i) x=1250/2, y=1256/2 =512
The projectile is a particle and there is no air (i) 57.5m
resistance or wind, so that the only force acting on
the projectile is the gravitational force which acts in 8 (i) x=55y=52=y=02x"

the y-direction. The particle is projected from the
origin.

Exercise 1E (Page 23)
1 () @1
(i) ¢=
(iii)

(iv)

2t 21 2t — 5¢2)

=y = x—ix

21.21... 21 90

8.89
30 or 60

2 [I] y—l5+xtan14°—m(1+tan214°)x
(i) 6.90m

y= 2.5+xtan5°—i(l+ tan? 5°) x>

625
23.7m
Yes, y =2.38 m when x =12

3 )
(ii)
(iii)

4 ) 745,
(ii)
(iii)

5 (i)
(ii)

y=1+0.700 —
u>7.81ms!
u < 850mst

1m, (25, 0)
10m

(i) 0.6

(iv] u,=25ms1,1s
(v) 25.7ms!

6 (i) Whentan9—2,0A=38.4m
When tan 8= 4 ,

OA=17.8m

(ii)
9 56.3°18.6ms"!

x = 8.85m, speed = 18.4 m 5!

10 (i) 1.8,0.6
(iii) 22.5m whentana =1.2
(iv] 5.72m

1M (i) 39.2°,72.6°

12 (i) 2+410tsin@—52=0

= t=sinf++/sin> 0+ 0.4

_ 1=c 9 —5¢
==y "1
R =51 +/5(9 + 4c - 5¢?)

R =11.83 compared to R =11.7
for 8= 45°

Chapter 2

(ii)
(iii)

@ (Page 28)

It is possible to produce a very large turning moment
with a very small force if the perpendicular distance
from the force to the pivot is large. This is explained
on pages 28 and 29.

Cambridge International AS & A Level Further Mathematics Further Mechanics

© Roger Porkess, Jean-Paul Muscat and Sophie Goldie 2018



@ (Page 31)

The tool shown in Figure 2.8(11) bench is on the point 1 (] 6Nm

can produce a large turning of tipping about B (i) -10.7Nm

moment but you have to turn unless A is anchored to (i) 23.0Nm

your hands through a large circle the ground. liv] 0 >
(greater distance). (iv]  The bench tips about B (V]  —4.24Nm g
The tool shown in Figure 2.8(i) if A is not anchored. (vi) 4.24Nm 5

produces a smaller turning
moment, but once the wheel nut
is loose it is quicker to use this to

unwind the nut. [!”] zero 3 (i} 5920kg :
(iv) 3m (i)  4532sec Okg :

© (Page 38 9 (i) (15x105-5x1039N; 4 (i) 433N
You produce equal and opposite - (105+5x10° )N (i) 281N :
couples using friction between (i) its centre of mass (iii) 30.7N :
one hand and the lid and between (iii)  The reaction force ) .
the other hand and the jar so that at each support is a 5 (i) Tcos30°, Tsin30° 3
they turn in opposite directions. constant 15000 N. (i) —30Nm g
Pressing increases the normal 10 6grams; 9% cm :V]] ?(])4 1?3’) 1750.4N §
reactions and hence the maximum 11 202k v [Z] 3 2'3 :
friction possible. 758 eom :
Exercise 2A (Page 38) 12 (il 7510N,350N 6 (il 1434N
(i) no, when couple step (i) 651N, 1644N :

1 (i) 15Nm onto left hand end of liv) (a) jib stays put, T=0 :
(i) —22Nm bridge, anticlockwise (b) A drops :

(iii) 18Nm moments = 862.5 Nm 7 (i) Br—>R& 3

(iv)] —28Nm and clockwise moments . :

= 750 Nm, so bridge :

2 (i) 21Nm would tip :
(i)  6.16 Nm (i) 36ke 3m R, :

(i) 0.1Nm 608 :

(iv] 0.73Nm 13 2N upwards, 9m to the left 1| , :

of A. Y50g A

29.2N,20.8N . . :

14 (i) Reo=7692N, (i) o :

4 (] 1250N,1250N Rp = 2308N (i) 144N :
(i) 1479N,1821N (i) 5 (iv] 144N, u>0.289 :

5 965N,1385N liil) 800N 8 I f—
6 () 55k 15 (i 3600N l
< 2m > i) 0.00169ms=2 R :
(i) 101N 20gY

F .

© (Page 47) (a) (i) 57.7N,57.7N, :

No, the system is symmetrical 200N E

(il 0.8m providing the rod is uniform. (iii) 0.289 §

(b) (i) 100N, 100N, :

7 (] P=275N,Q=1475N 200N :
(i) P=25N,Q=1725N (i) 0.5 5

(iii)  If child sits 0.95m from
the adult, P = 0 and the

8 i
(i) 50N at A, 900N at B

300N at A, 150N at B

Exercise 2B (Page 49)

2 David and Hannah
(by radius X 0.0275 Nm)

Cambridge International AS & A Level Further Mathematics Further Mechanics
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(i) 162N
(i) 61.7N

10 (i) 1.60x 106Nm (to 3 s.f.)
(i) 6830N,3830N

1 (i) S

(i) 26.0N,105N
(i) 0.51
(iv] 2.25m
12 (i) 60°
(i)  14.4N at 76.1° to the
horizontal.
13 (i) MX=02m,XC=0.8m
(i)  arctan(0.05)=2.86°
(i) 1456.5N, 1664.6 N

14 tan6 = %tanq)

15 (i) 0.328

Chapter 3
@ (Page 56)

Yes, centre of mass vertically
below P.

@ (Page 59)

Taking moments about a point
1 & from A:

2 2 _ 13
4X1z+5XE=6Xgz

2% _ 2
5 7 5

So total anticlockwise moments
equal total clockwise moments
and hence the rod balances.

Exercise 3A (Page 60)
1 (i)  02m right of O
(i) o

(iii)  0.72m left of O
(iv] 1.19m right of O
(v]  0.275m right of O
(vi] 0.36m right of O
(vii] 0.923m left of O
(viii) 0.471m right of O

2  2.18m from 20kg child
3  4.17cm (towards the 60kg

mass)

4680km (to 3 s.f.)
0.917m

3.33mm from centre
2.95cm

1.99kg

42kg

m,l
from m; end
(m1 +m,

11 (i) 3.35m from centre line,
tips over
(i) 4.55 tonnes
(i) Ll-d)<Md+ C(a+d),
Ca—d)y<Md

2Mad

(I=d)(a—d)

Exercise 3B (Page 70)
1 (i) (2.3,-0.3)

(i) (0,1.75)

(i) o)

(iv] (=2.7,-1.5)

(iv)

2 (5,63

3 (i) (20,60)
(i) (30, 65)
(iii) (30, 60)
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L 231cm

5 (i) @15,-1.5)
(i) (1.5,-2.05)

6 () (3,2
i) (4,18
(i) (1.6,1.6)

7 (i) 0.2cmbelow O
(i) 9.1°

8 24.4°
: 5

9 (i) (a,2€a)
(i) 2.36°
liii) 2m

10 8.78 cm from the base on the
axis of symmetry

11 (i) (a) 48N
(b] 1.29 N
12 (i) 3.04° arc
14 (—1,%)
15 () () (gt )
h({Mo? +m
(b] E(Moéc:m)
@ (Page 75)

It 1s likely to topple. Toppling
depends on relative mass of
upstairs and downstairs passengers.

@ (Page 76)

1st box will slide, 2nd box will
topple.
2nd box is more comparable to

the bus.

@ (Page 76)

R cannot act outside the
surfaces in contact so there is
a resultant moment about the
edge E.



@ (Page 79)

Yes, when u = 0.5 and
o=26.6°

Exercise 3C (Page 79)

1 (i) 28N
(ii) 3.5¢N
(iii)  slide

2 (i) P=2ug=20uN
(i) 0.6gN=6N
(i) <03
(iv] u>03

3 (i] 14.0°
(i) 18.4°
(iii) sliding

& It slides.

5 (a] (i) 225N
(i) 22.0N
(iii) topples
(b] (i) 228N
(i) 259N
(iii) slides.

(iv] 63.4°,22.4N

6 () [(a] 50cm X 20cm

(b) 20cm X 10cm

(i)  The shortest side is
perpendicular to the
plane of the slope for
maximum likelihood of
sliding.

(i) (@ w<o02
(b) u>5

7 (i) F=pu(120 - Pcos®)

and F= Psin 6

(i) vertically upwards on
edge AB

(v] u<wné

8 (i) 375N
(i) wu=>0.625

(28, 60)
(i) (52,60)
(iii) (64, 60)
(iv] 40cm

10 (i) (a) (10,2.5)
(b) (12.5,5)
(c] (15,7.5)
(d) (17.5,10)
(e) (20,12.5)
(i) 5
(i) (9 +mn,2.5n),11
(iv] 102.5cm
11 (i) 49.4°
(i) 12m
(i) 0.944m
12 (i) stays put
(i) topples over

Chapter 4
@ (Page 86)

Accept any suitable objects that
move in circular paths.

Forces that pull them towards the

centre of the circle.

The gravitational pull of the earth
on the moon causes the moon to
circle the earth.

It moves off at a tangent.

Not if they are travelling fast

enough.
Exercise 4A (Page 89)
1 (i) 82rads!
(i) 4.7rads!
(iii) 3.5rads!
2 2865rpm
3 (i} (al 0.0333rpm

(b) 0.00349rads!
(i) 0.267ms"1

4 325rads!

5 (i) 50rads!
(i) 150rads—t

6 (i) 3820rpm
(i) 2080rpm

7 (i) 1.99% 10 7rads"!
(i) 7.27x105rads!
(i) 465ms-1
(iv)] 1530 kmh-!

8 229:1

9 (i) 61.7]

(ii)  points on a large object
would travel with
different speeds

10 (i) minute hand:
2.09 X 10-3ms~1, hour
hand: 1.16 X 10~4ms~!

(i) 18:1 the radius is also

involved
11 () 491m
(i) 12.3ms 1!
12 (i) V=2costi—251ntj—%k
(i) 2.06ms1

(i) 2ms~2 horizontally
towards the vertical axis,
making an angle of
with both the i and j

axes.

Activity 4.1 (Page 98)

‘When you turn fast enough, the

coin flies off the card. When the

card is tilted it stays put at higher
angular speeds.

@ (Page 100)

See Example 4.5 and the text that
follows.

@ (Page 102)

To prevent the car from sliding
down the slope.

Resolving perpendicular to the
slope: R — mgcos or= m%sin a
and parallel to the slope:

2

mgsint— F = WIVTCOS(X

If there is no slipping then F < UR
and substituting for F and R gives

2
mgsin o — mVTCOS(Z<ﬂ

2
(mgcos o + mVTsin Q)
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which eventually reduces to
sino — U cos o
g|l———|<v
cosa+ Usmo

To prevent the car from sliding up the slope, the

equation of motion along the slope is
. Vz
mgsino + F = m=-cos &
Then substituting for R and F in F < UR reduces to

sino + U coso
v< gt | ————
cosOr — Usin o

Exercise 4B (Page 103)

1 (i) Neither, both have

w=0.75rads™1.

(i)  No because they have the same angular
speed.

(i) 13.5ms2,11.25ms2

(iv] towards the centre for circular motion

2 (i) [(a] neither coin slips
(b] B slips, A doesn’t
(c) both coins slip
(ii) (a) neither coins slips
(b] A slips, B doesn't
(c) both coins slip
Any coin slips when m@?2r > umg, so slipping
does not depend on the mass of the coin.

3 (i]  The car accelerates because direction of
motion changes
(i) 11.25ms2
(i) 2250N
& (i) True for fixed seats

(i) False,as v =rso speed depends on r.

(i) False,as a = r@? so acceleration depends on r.

5 (iJ (a)] 0.5rads!
(b) 1ms2
(c) 60N towards centre

(ii)  skater is particle

6 B exerts a greater force on clothes in the drum
because it generates a greater acceleration

(2.00 % 107)
Jr
(b) n'r%xl()”s
(i) T?=m>x10"14¢3
(i) 4.23x107m

7 () [(a)

Cambridge International AS & A Level Further Mathematics Further Mechanics
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10

1

12

13

14

15

(i)
(i)
(jii)
(i)
(i)
(iii)

(i)

(i)
(iii)

(iv)
(vi)
(i)
(ii)
(i)

(ii)
(iii)

(iv)
(vi)
(i)
(ii)
(i)
(ii)
(i)
(ii)

263N

The weight of the sphere is very small
compared with the tension in the string.
23.1ms™!

5.72 X 1073 ms2

1.78 x 1030kg (length of year = 365 days)
any planet in this orbit would have the
same period whatever its mass

An upwards vertical force is required
to balance weight. If the string were
horizontal, there would be no component

of tension acting upwards.
12.6rads™!

0.18g N
Tsin @=mra? = 0.18 X 0.8 sin 8 X (47)2;
Tcos@=mg=1.8

227N

72kmh~1 20ms™1)
6.6kmh~1 (1.84ms™1) faster

6400 N
(a) The car is about to skid on a bend.
(b) The caris accelerating
or braking and is about to skid.
112kmh=! 31 ms1!)
R

Vg

2
. my
Rsinax= T,Rcosa= mg

10.6° or 0.185rad

1.86ms1

5.37 rad s~!

TPQ =4N,TBQ =3N
13.4 N, 26.6°

M=0.6m
5.77 rads!



16 (i) 2.83ms! (b] 14m N (iv]  He would fail to
(iii) 1.33s towards O complete the loop
. (B) (i} 18m (v] 138 m
17 (i) 6T, +8T,=30;T,= - J
(ii) stops; 1.8 m
0.714N, T, = 321N 9 (i) Almost zero speed at
(i) (a) 18m N
the top of the loop not
@ (Page 113) ) o O suffcient 5
. o Oaway (il 20m 3
No, see next section "The . rom (iii) It stops below the centre @
breakdown of circular motion’. (C) ['] 4.83m ] and returns to C;8 m
(ii) stops, 0.48 m
ivi (i) (@) 6.66m N 10 (] 12.2ms 1,44 kph
Activity 4.2 [Page 114) away from O (i)  Traffic used to travel
If the string breaks the object will (b) 9.66m N more slowly.
fly off at a tangent to the circle. away from O (iii] Increase the radius by
If a rod were used rather than a (i) 2mg making the approaches

string, the motion would be the
same for A and B. For C, when a

(ii)

2
R=""" 14 mgcos@

less steep.

string is used, the object leaves the , Z 1 0 conf. of energy

circle and falls in a parabola. On a v?=u? =2ga(l = cosh) = 5 X300 X 2?2

rod, it swings back as a pendulum. = ga(1+2cos0) =300g x 15 + 5 X 30002
= R =mg(1+ 3cos0) v=10ms"!

® (Page 117) ) 0.186mg] (il 13.3ms2 R=1000N,

For a string, the particle liv)] 0.598 m force from the track is

remains in circular motion if
T = mr@* —mg cosor > 0.

(v)

No, it leaves the track

downwards, so could
operate

A particle travelling on the outside (i) 3mg (i) 23.3ms28.66ms2
of a circle remains in circular (i) 87,6.40 ms~! 24.9ms72, 39.6°
motlon'1fR zmgc‘osﬂ—mm)'z ¥ (ii) \/9+1.6g(1—c059) 12 (i) v = gl(2cos0 1)
so for circular motion to continue, (i) 2me when 8= 0
ig when 0=
 1s bounded above and below by (iii) {a} 0.625 N
these two equations. bl 30.625 N
(v Chapter 5
© (Page 118)
g > ) @ (Page 127)
) and
(i} and (iv] Use energy considerations. See
Exercise 4C (Page 120) Activity 5.1 at the end of
mg
) the chapter.

1) ) 4me T=15.63 - 15c056. i

(B) 40 ms-2 g5in@ Exercise 5A (Page 132)

li)(a] A yes, B No il 831ms1,539ms1 1 (i 50N.250N

[b) A no, B yes (i) 69 ms2 29 ms2 (i) 100N, 331N

[c) Ano,B yes (iii) (i) 1N,5N ’

(d] A yes, B yes '

. R 2 () 20N
2 (A i) 22m) (Ryme) !

Y (R, =mg) (i) 20N

(ii) comple.te (iii) Tension required to

revolutions; double the length is the
4.90 ms~! R, =5530N, same. There is a 20N
(iii) (a) 74m N R,=1330 N force at the fixed end
towards O in part [i).
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3 (i) 003N (iii) No;an elastic band is unlikely to pass

(i) 0.0375m smoothly over a peg.
(i) 0.08N 10 ) 13N
4 () 5N (i) 15.6N
o (i) 75N ,
T : (i) 0.625kg 1 (i) 035m,0.35m
3 : . (i) 175N
g 5 [l 30N
: lil - 3ke Exercise 5C (Page 144)
: (iii)  Spring has already become fully 9
: compressed with fewer than seven blocks 1 () o01]
: are stacked, so adding a seventh will make (i) 0.001]
: no difference to the spring. (i) 0.4]
§ 6 —40N < force <80 N (iv) 0]
: 7 Aa 2 (i) 4
: A — maw? (i) 0.25]
: (i) 1]
: Exercise 5B (Page 136] (iv) 0.0625]
1 () (@) 60N 3 (i) 075]
: (o) 0.04m (i) 5.48ms1
: (i)  2400N;double that of the original strings )
: (could be two strings together) 4 [I] 0.00667]
: (i)  0.577ms™!
2 (i} 12000N .
: (i)  12000N 5 (i) 5x104
3 (iii)  0.05m (i) 7.07ms1
: (iv] 0.02m (i) 1.29m
3 (i) 7000N (iv]  7.07 X 104N, 35.4ms~2 ' B
: (i) 4000N (v] Truck moves b'ack along the rail at 5ms
: 0 () if other forces ignored.
P4 () (a) 198N
: (b) 654N 6  0.433m,0.0674m
: (i) 118% 8 (] 26N,7N
: (i) 51.6m (i) 20ms2
f 5 (i) (03-vm (i) 0.933m
: (i) 16xN,25(0.3 - x)N 9 () AP=13m
: (i) 0.183 (i) 9.17ms!
: 6 ()] 22-hmh—-12m 10 (i) 12N,24N
: (ii) 44 —20hN,30h — 36N (i) 7.5ms2
: (i) 1.2 (iv] 0.5m
: (iv) 20N,0N
: Exercise 5D (Page 149)
: l .
7 ) Iomgsmoc .
l 1 i) 5m2)
(i) (a) Iomg(,ucos o+ sin 0) (i) 0.2¢h]
: z (i) 0.4
g (b) Iomg (sin 0t — pcos O 2 2
8 13m
: 30+ %)
9 (i) 0313m
10 Cambridge International AS & A Level Further Mathematics Further Mechanics
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10

1"

12

13

14

(i} 0.13m 15 (i) 2(3)”6)><03><(1);§ —05%10
0.466 m
= A=78N
(1] (i) 14.2ms!
(iii) 0.2m
i o0ilm Activity 5.1 (Page 153) >
(i) 0.15m i) 90.8 kg 3
(i) 41.4m v

4 gml, =%X%X(3lo)2 :>l=gmg (i) 3.2m

0 (iv] 21.3 ms2
=T %’;@g x 31, = 28

(i) Equating energies: lmuz = mgl  gives the
quating energies: 5 el g
required result

(ii) ma=mg—l&x
0
i) ,dv -, A

dx_g_ml

v v= A
(iv) V—\/2g10+2gx mlox

(v x=0.The string is about to become slack
with the particle going upwards.

(vi) M% =gv=g(=T)= 24,

21
forT<t<T+21/?0

(i) arccos( Zl)

Chapter 6
@ (Page 155)

The forces are air resistance near to the surface
of the Earth and the Moon, and the gravitational

forces due to the Earth and the Moon.

It will reach a point that is 5—2 of the distance

from the Earth to the Moon.

@ (Page 160)

Because the acceleration is not constant, and that

formula can only be used for motion with constant

acceleration.

Exercise 6A (Page 162)

1 In these answers, k is an arbitrary constant.

(i (A —me?l)) () s=3v+k
1 arccos COZ—IO/,L [”] v = he2t
(il 02 (i) v=— ?cos3t+k
(iii) —3.27ms2 (iv) V=T
(i) 3.61ms! [V] v=kes
(i) The particle moves 0.9 m upwards from [V|] v=1t V4S(1 —s)+k
lowest point (0.3m while string is taut and (vii] s=- jln k(v +2)
0.6m while it is slack), so with constant (viii) s = % n(l+v2) +k
acceleration —¢. . 16
£ 2 (i) 3
() 1.22m i) £
(i) 6mst (i) +.2In2 or%1.177
(iii) 60ms2 (iv] 71
v 3
(i) 0.05m 1
. v] T or0.785
(i) 0508 Wl gor

(vi) {In3 or0.305
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(vii) 2In3 or 0.549 Chapter 7

(viii) 3In% or 0.144

dv 1 @ (Page 167)
3 () Vds Tr+2
o - il dv 1 See the text that follows in section 7.1 ‘Impulse’.
Qe i) ==
T - dt v+2 3
2 : (V) s=-2t4+3@4+202-8 @ (Page 168)
< : .. Using v = u + at with
P4 2. &
: (i)~ 285m £=01=>20=-10+0.1a
: (i) 7.14ms!
: B = a =300 = F=0.06x300=18N
P B i) 135 £=0.015 = a = 30 +0.015 = 2000
i 6 (i) t=2.75s = F =0.06x2000 =120 N.
: (i) OP=451m _ ,
: Average means it stays the same over the time
7 (i) 232 period.
: : 1
. 8 (i) Greatest speed when x = 3=,
: = 3 @ (Page 170)
: |5 = 4.082... . . L
: 3 Cricket ball: momentum is 6 Ns; kinetic energy
: (i) 6.67m is 120 ]
g 9 (i) 126 Train: momentum is 200 Ns; kinetic energy is 1 ]
: ) dv dv Probably better to be hit by an object with higher
: 10 (il 605 =150-12v = Sa =125-v speed and lower momentum.
. i — ) — — — _ 021 )
: [u] In(125-v)=-02t = v=125-¢ Exercise 7A (Page 171
(i) x=125t+5¢02 -5 i
: 1 i)  500Ns
: . dv _ 1({v+30 1
:o11 () a——g(T):a——g(VHO) (i) 20 000N’s
: (i) 0.1vN (i) 2.8x 108N
: lii) 33 =153 (iv) 2% 10722Ns
: _ dv 2 (] 18200Ns
P12 025 =—(-x) (i) 0.00225Ns
: (i) x=5(1-e2)<5forall t (i) 3Ns
P13 (i) v =2000(1—e0ws) (iv] 10N
: (i) 124m 3 (i) 15N
: 3 (i) 20m
P14 (i) 22 Gi »
: 3k i) 20ms
: ) (iv] 300 J: work done by force = K.E. gain
P15 (i) 1.00s [ Jw voore TR g
. - v]  30Ns;impulse = mom. gain
: (i) 7.98m
(i) v=8(1—e"'2) 4 (i) (a) 02v-02x5
(iv] x=8t—6.4(1—e'?). It takes it 1.70s =20x0.1= p=15ms"!
: to reach ground level, from solving 20 .
: 8t — 6.4(1—e™»") = 7.98 numerically. (b] v=5+ (@) x0.1ms
=15
: (i) They give the same answer
12 Cambridge International AS & A Level Further Mathematics Further Mechanics
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5 () 1.2Nsupwards 2 (i) 03

(i) 25 (i) 0
(i) 0 (i) 0.95
liv) 1.2Ns liv) 1
6 (] 2125Ns 3 (] o8 i
(i) (a) 21.25N (i) 1.62Ns : 2
(b) 425N (iii) 2.43] : S
(iii) small.er 1'mpullse exerted onl your hands as 4 (i) 447 ms— s
cushioning increases the time taken for . _ .
(i} 4.02 ms! :
the ball to stop .
(iii)  0.900 :
7 (i) (a] 11880Ns (iv) 0.152] :
(b] 99 000 N (v] 0.152]
(c) 11gms2 (vi) 0.656 m :
(i)  Crumple zones increase the collision time B 71 71 :
and therefore reduce the force exerted on (a) [”] 2.5ms™, 3.5ms :
the people in the car. (i) 3.75] :
. » (b) (i) —-0.5ms™1;2.5ms™! :
8 (i) 548ms (iii) 33.75] :
(i) 110 N (c) (i) 12ms;1.2ms! :
(iv) 548N (d) (i) —1ms1;2ms! :
9 (i +30000Ns (i) 0] :
(i) =15 000 N (e) (i) —0.5ms™1;1ms! :
(iii) —45 000 Ns (iii) 2.25] :
(iv)] the impulse () (i) 2ms1;4ms! :
(V] 450 000 N (iii) 96 :
10 (i) 12800 Ns 6 (] 1ms! :
(i) 5.12ms! (i) 0.2 :
Exercise 7B (Page 174) lii) - 450 Ns :
liv] 900] :
1 (i) 10ms! :
i -1 N
(i) Van:—28000Ns; Car 28000 N 7 Gl 20ms :
(i) 0.75 :
2 (] 222ms! :
{:3] . m (i) 1750 Nis :
o iv) 4375] :
3 1476 ms! (v] alow one; more kinetic energy absorbed :
4 25 mst and impact force is less :
- 8 i + :
5 372ms! —> :
before after .
Exercise 7C (Page 179) v -v vy vy :
— — — — :
) :
1 (R :
03 © © © o :
(i) 1.44 ms1 m " " " :
G 3 (i) —ev,ev
(iii) 7} ;
(iv] 32ms1 :
Cambridge International AS & A Level Further Mathematics Further Mechanics (K]
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(iv] Kinetic energy cannot be gained (i) 0.6R

during a collision, which would be the (iii) 0.6nx R
case if e> 1. (iv] 2.38R
9 13 5_1,§ms 1,2ms_1 7 (] 354ms!
oo 27 32 8 (i) 3.22ms1at 18.3° to the plane
.
0 .
<: e _ 25)
Pnm ’ ,_Zh 8 i _y | ms
: (i (i) 1m
: [”] . (i) 1.4m
: ) e liv] 2x0.7"
: (iv) /(Z?f’) (l+2€),( /%h)(l+2e+...+26”1) V7
: 142 9 (i) at 24.8° to cushion after first impact; at
. vi to cushion after second impact
: il h(5 60° hion af d imp
: (i) 1.6ms!
§ 12 v, = 2(1 e)u; v, %(1—6‘2)“; (iii) at Bto first cushion with tan 8= e tan @, at
: 90° — o to second cushion, which is same
: ve = Z(l + e)‘ u as & to the first cushion and hence direction
: is reversed; speed is reduced by e.
: O(Page 183] 10 (i) tan0=M:>tan29=e=l
: usin @ 25
. When e =0, the ball does not rebound and moves
: onlY along the p.lane. All the kinetic. energy from the (i) (1—e?)eos2 = 772 1 18
+ motion perpendicular to the plane is lost. When i) (1=¢?)cos ~\25 7 |7 25
. 1+ -2
¢ e=1,the collision is perfectly elastic and there is no 25
¢ loss in kinetic energy. )
: _ Exercise 7E (Page 190)
: Exercise 7D (Page 184)
: 1 158ms1,3.16 ms1;116.6°,63.4°
S [P0 e 2 0.872u,0.4u, 83.4°, 0°
. 0.684 1 5
: 3 qu g 0°531°
: 7.66
: i ms~! 4 0.901u,0.901u,106.1°,73.9°
0.643
5 0.2
: i) ucoso .
. ms— o
: 0.8usin o 6 805
: 2 (i) 1.58Nsin j direction; 7  Loss in K.E. for direct impact = mu2(1 — ¢2)
(i)  1.58Nsin —j direction; Loss in K.E. in oblique impact = %muZ(l —¢2)
: (i) 3.10] )
: . 8 (i) Susu
: 3 (] 0.453Nsinj direction L2
: (i)  0.453Nsin —j direction (i} A:1.801at 73.9° B: 12 at 45°
: ’ a1
(i) 0.512] (iii) Jm
¢ 4 (i) musin aNs 9 [iii) The contact between the two discs is
: P S SR SUUP SR (PR smooth.
: (ii) 5 Mm% = 5 miucos* 0L = 5 musin o
: . 2u, 2u_u
¢ 6 (i) time of flight = —L; range = —
: £ £
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