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Edexcel AS and A Level Modular Mathematics
Exercise A, Question 1

Question:

2

Whenever a numerical value of g is required, takle g=%8m =

& patticle iz projected with speed 35m s at an angle of elevation of 607 Find the
time the particle takes to reach itz greatest height

Solution:

Eesolving the initial velocity vertically
R(T) u, =35¢n60°
v o=39:6n b0 v=0a=-98:="7

v =itk
0 =35:n60"—9 %
_ 35sn 60"

=30%2. =31
The time the particle talces to reach its greatest height 15 3.1 (2 5.7
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Exercise A, Question 2

Question:

A ball is projected from apoint 5 m above horizontal ground with speed 18m s * at

an angle of elevation of 40° . Find the height of the ball above the ground 2 ¢ after
projection.

Solution:

Eesolving the initial velocity vertically

R(1} u, =18sin40°

2 = 18:sind0’ a=-98:=245="7
5 =uk +%aﬁ2
= 185in40" % 2—4.9x 2
=3540.. =35
The height of the ball above the ground 2 s after projection iz (3+3 I m=585m

(2 5.£).
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Exercise A, Question 3

Question:

A stone 1s projected horizontally from a point above horizontal ground with speed
32m . The stone takes 2.5 ¢ to reach the ground. Find

a the height of the point of projection above the ground,

b the distance from the point on the ground vertically below the point of projection
to the point where the stone reached the ground.

Solution:

Eeszolving the initial velocity horizontally and wertically

R(=) u, =32
Ry w, =0

e T O S R
5 =uz+%m‘.2
=0+49%25 =30625= 31

The height of the point of projection abowe the ground 1s 31 m (2 z.1).
b
RE{—) distance = speed = time
=32x2.5=250

The horizontal distance moved 13 80 tm.
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Question:

A projectile is launched from a point on horizontal ground with speed 150m s™' at an

angle of 10° to the horizontal. Find
a the titne the projective talkes to reach itz highest point abowe the ground,
b the range of the projectile.

Solution:
Eesolwing the initial velocity horizontally and vertically

R(—=) u,=150c0s10°
R(T) u, =1505in10°

BT w=1505n10°v=0,a=-98:="

v =ut+al
0=150sin10" -9 8%
 150sind0®

= =2657 . =27

The time taken to reach the projectile’s highest point iz 2.7 5 (2 5.£).
b By symmetry, the time of flight 15 (2627 .. x2s5=5315__ 3.

E({—) distance = speed xtime
=150cos10° 5315
=785250 = 790

The range of the projectile 18 790 m (2 s.£).
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Exercise A, Question 5

Question:

A particle iz projected from a point O on a horizontal plane with speed 20m s ' at an

angle of elevation of 43" The particle mowves freely under gravity until it strilees the
ground at a point X Find

a the greatest height above the plane reached by the particle,
b the distance O

Solution:

Eezolving the initial velocity horizontally and vertically

R(—) u, = 20cos45 =102

R(T u, =20:in45 =102
a
BT uw =10-2,v=0,a=-98,5="7
v =u® 4 2as
0 = 200-19.65
s = =10.204... =10

The greatest height abowe the plane reached by the particle iz 10 m (2 2.£),
b To find the titne taleen to mowve from O to X

BTy s =0u=1042,a=-98¢="
g =ui+1§m‘.2
0 =104/2¢ — 4.9¢* = £{ 1042 — 4.9¢)

(£ = Dcorresponds to the point of projection.)

B

f =——=2886...
4.9

E(—) distance = speed * time

=102 x 2886 =40816_. =41
OX =41m (2:f)
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Exercise A, Question 6

Question:

A ball is projected from a point 4 on level ground with speed 24 m ¢!, The ball is

4

projected at an angle @ to the horizontal where sin = o

under grawity until it strikes the ground at a point & Find
a the time of flight of the hall,

b the distance from A to &

Solution:

. 4 3
g=_= H==
21 5 Cios 5

Eesolving the initial velocity horizontally and vertically
E(—=) u, =24cosfi=144
R(T u, =24s5in0=192

¥

R(IY & =1928=0,a=-98:="7

s :uz+1§acz2

0 =19.2:—4.9" =£(19.2— 4.9
it = Dcotresponds to the point of projection.)

L2 5 200 -
3 —E—B.QIB... = 3.4

The time of flight of the ball i 295 (2 2.1
b
Ei{—) distance = speed < time
=144x35918.. =56424 =56
AR =5m (2:f)
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Question:

A particle is projected with speed 21m s at an angle of elevation o . Given that the

greatest height reached abowe the point of projection 12 15 m, find the value of o,
giving your answer to the nearest degree.

Solution:

Eesolving the initial velocity vertically and angle of elevation = o

R(T) u,=2lsinc

¥ =Z2lsmo,v=0s5=15ag=-%8
v =%+ 2as

0 =(2lsino)® —2x9.8x15
441sin* o = 294

. 2 2 2 i 2y
sin” of _E_E:" gin o = |I§|—CI.816...

of = 54 736" = 557 (nearest degree)
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Exercise A, Question 8

Question:

A particle 15 projected horizontally from a point A which 1z 16 m above horizontal
ground. The projectile strikes the ground at a point B which 15 at a horizontal distance
of 140 m from A Find the speed of projection of the particle.

Solution:

R(l) u=0s=16a=98;:="7
s =u£+%a£2
16=0+409
R | i
£ =5=3265.. =:=1807...

Let the speed of projectionbew m s ',

Ei{—) distance = speed < time

140 =g = 1.807 .
wrn A s i
o= 1.80?_.__??'4?5"' =77

The speed of projection of the particle is 77m s ' (2 5.£).
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Exercise A, Question 9

Question:

A particle F is projected from the origin with velocity (1214+24))ms ', whereiand j

are horizontal and vertical unit vectors respectively. The particle mowes freely under
gravity. Find

a the position vector of P after 3 g,

b the speed of P after 3 s

Solution:

Ei{—) distance = speed < time
=12x3=36

R(ly = =uz+%m‘.2
=24x3-49x3=2715
The position vector of P after 3 218 (361427 9m .
b

E{—) =z, =12 throughout themotion
BTy v=uta:
pE=de=g s oy

Let the speed of Pafter Z2sbe Fm st

Vi=ul4vi =122+ (-5.4) =173.16
=173.16 =13.155... = 13

The speed of Pafter 3sis 13m s (2s.£)
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Exercise A, Question 10

Question:

A stone is thrown with speed 30m s ! from a window which is 20 m above
horizontal ground. The stone hits the ground 3.5 s later. Find

a the angle of projection of the stone,

b the horizontal distance from the window to the point where the stone hits the
ground.

Solution:

Let & ke the angle of projection abowe the horizontal.
Eesolving the initial wvelocity horizontally and vertically
E(—=) w =30coso
R(D u, = 30sino

R(T) u=30sino,s=-20a=-98:=35

& =u£+la£2

2
—20 = 20sino x 3.5 -4 9% 3.5°
2
s SAXI Bl aimangron. .
30% 3.5

o =22407 " =22

The angle of projection of the stone 13 22° (2 5 £ above the horizontal
b
E{—) distance =speed < time
=30cosx35=97072_.

The horizontal distance from the window to the point where the stone hits the ground
1387 m 2 s
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Exercise A, Question 11

Question:

A ball is thrown from a point O on horizontal ground with speed wm s ' at an angle
of elevation of @, where tan = % . The ball strilkes a vertical wall which 15 20 m
from O at a point which 15 3 m above the ground. Find

a the value of ©,

b the time from the instant the ball 15 thrown to the instant that it strikes the wall

Solution:

3 ; 3
=_= == g=_
tatn 7 S111 5,COS B

Eesolwving the initial velocity horizontally and vertically
du

El—=)  u, =ucost=—

]
i5%

R(T) u,=usinfi=

E({—) distance = speed « time
20 = 4—“/;‘, = ¢ =3
] u

E(ly) = =uﬁ+%a£2

3=2-49 (1
L a5
substituting £=— into N

3w 35 252
3=x 40k

F=ouis Py l=200 —oss008,,
u

u=255.208...=15975__ =16

=16 (2£)
a2y _ .
bor=2=_ 2 =15649. =16

The time from the instant the ball 12 thrown to the instant that it strikees the wall iz
16 (2L
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Exercise A, Question 12

Question:

(5l + 4njim &1

[f72 this question, the uxit vectors 1 and ] are in a vertical plare 1 being horizontal
and ] being variical |

A particle F is projected from a point A with position wector 20) m with respect to a
fized origin ©. The velocity of projection is (5wl +4ujim s ', The particle moves

freely under grawvity, passing through a point &, which has position vector
(i +12)) m , where & 15 a constant, before reaching the point O on the x-axis, as

shown in the figure above The particle takes 4 5 to mowe from 4 to 5 Find
a the value of &,

b the value of I,
¢ the angle the velocity of F makes with the x-axis as it reaches O

Solution:
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BT = =u£+%af2
—8 = dux4-4.9x4

49448
= =44

E{—) distance =speed < time
E=tuxt=55x44x4 =353

¢ u,==>5x44=22 throughout the motion
Ay
BT v =u*+2as
Vi = (4u)* + 2% (-9.8) x (—20)
=16x4.4* +392=701.76

Let & be angle the velocity of P malees with Ox as it reaches O

S0 76 =104,

22

= |‘e\-"_.

tan @ =
X

8 =50.125_..= 50"
The angle the velocity of & makes with Ox asz itreaches O iz 30° (22
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Exercise A, Question 13

Question:

I4m

A stone is thrown from a point 4 with speed 30m s ! at an angle of 15° below the

herizontal. The point A iz 14 m abowe horizontal ground. The stone strilees the ground
at the point £, as shown in the figure abowe. Find

a the time the stone talces to travel from A to 5,
b the distance 45

Solution:
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Eesolving the initial velocity horizontally and wertically

B(—) u, =30cosls
Ril) =, =30sin15

Rily w=30sin15"6=14,a=98,:="1
5 =uﬁ+%aﬁ2

14 =30sin 15 +4. 94
492+ 30801514 =0

Using the formula for solving the quadratic, (the negative solution can be ignored)

_ -30sin 15" +.f(900sin 15+ 4 x 14 4.9)
9.8

=10/ ..=11
The titme the particle talces to travel from A to Bi2 1.1 (2 2£)

E({—) distance = speed « time
=30cos1T x1.074

=31.136__.

AR =14 +(31.136..)* =1165.196._.
AB=34138.. =34

The distance A5 1z 34 m (2 2 )
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Exercise A, Question 14

Question:

A particle is projected from a point with speed 21m 57! at an angle of elevation
atd mowves freely under gravity, When the particle has moved a horizontal distance
x tn, its height abowe the point of projection iz ¥ m.

a  Show that y=xtanor — ————.
Mlcos o

b Given that ¥=28.1 when x =36, find the value of tancr .

Solution:

Eeszolving the initial velocity horizontally and wertically
B(—=) w, =2lcosc

R(T) u, =2lsinc
a R{—) distance =speedxtime

_ WOV |

r=21lcosxxi=F T
1

E(T s=ui+§a£2

¥y = 2lsinoe —%52

2

= 2lsino| =% |-4.9 |
\ 2loos o | | 2loos |
a e
= xtan o — ———— = xtan o — ———, as required
A4 cos* o A0 cos® o 1

1 2 2
b ——=secor=1+tan" o
COs" [F

Taing y=E81,x=36 and the resultin a

2
8.1=36tantt—%(]+tan2u)=36tant£—14.4(]+tan2tr.)

%10 and rearranging
144tan® o — 360tan x4+ 225=10
(=9 16tan” o —40tan o0 + 25 = (4 tan ot — 57 = 0

D
1:s1ntf—z1

© Pearson Education Ltd 2C

file://C:\Users\Buba\Downloads\All Edexce-Level Math Booksssssss\Mechanics ...

Pagel of 1

3/4/201:



Heinemann Solutionbank: Mechanics 2 Pagel of 2

Solutionbank M2
Edexcel AS and A Level Modular Mathematics
Exercise A, Question 15

Question:

A projectile is launched from a point on a horizontal plane with initial speed wm s

at an angle of elevation o . The particle mowves freely under gravity until it strikes the
plane. The range of the projectile 13 X m

. : .. ;
a  Show that the time of flight of the particle is S seconds,

ulsin 2o

g

b  Show that 8=

-

Deduce that, for a fized ., the greatest possible range 1s when o =457,

2
d Given that & =25i . find the two possible values of the angle of elevation at
g
which the projectile could have been launched.

Solution:
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Eesolving the initial velocity horizontally and vertically

d

The two possible angles of elevation are 12° and 78" (nearest degree).

E(—=) u, =ucosc

R(lY w, =wsina

¥

R(y = =uz+1§m‘.2

0 =usinmf—% I =£I:u sint-f—ljgrll
(i =10 corresponds to the point of projection)

2usince :
. as required

1 ;
g =usng ==

E(—) distance = speed < time

. 2 .
Jusinee _ w=dsine cos o
H=ucoscx - = ~

TTzing the trigonemetric identity sin 200 = 2s8in o cos of

q .
2o :
R=1 o required

The greatest possible value of sinZer is 1, which iz when 20 = 90" = o =457,

Hence, for a fixed u, the greatest possible range 15 when o =457

2u® wisin 2o . 2

o = T s and==
g g 5
2o o= 235787, 156422

o = 11797827
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Exercise A, Question 16

Question:

4 particle is projected from a point on level ground with speed um s * and angle of

elevation o . The mazimum height reached by the particle i3 42 m abowe the ground
and the particle hits the ground 196 m trom its point of projection

Find the value of o and the value of 2.
Solution:

Resolwing the initial welocity horizontally and wertically

RB(—=) w, =ucosz

E(Ty U, TusSnG
TTsing the maximum height 1z 42 m

BTy v =u? 4 2as
0=zu*sin’ o— 2gx42

wen*a=84g (1)

For the range

Ei(—) distance = speed < time
196

UCOF

196 =ucosxi = f=

(2
R(Ty = =m‘,+1§a£2

0 =usintfi—%gﬁz=il:usint-f—1§gi|

1 . Jusinee
—g.f=usmt3.f=:'.i=ﬂ (3
2 E
From (2) and (3)
196 _ Jugne
2 COs o E

wlsinotcosor = B8g (4
Diwiding (1) by ()

1.3

uisin“or Bdg
P
w snocose  98g

tan o =$ = o = 406" (nearest 0.17)

From (13
usino =, J(3dg)
= _34 DB 4408 =44 (2sf)
sin d0.6°
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Exercise B, Question 1

Question:

A particle 15 moving in a straight line. At time £ seconds, its displacement, x m, from a
fized point O on the line is given by x=2¢*— 8¢ Find

a the speed of the particle when ¢ =13,

b the magnitude of the acceleration of the particle when £ =2

Solution:

1

b =d—v=12.ﬁ
e

When § =2,
a=12=2=24

The magnitude of the acceleration ofthe particle when £ =2 iz 24 ms .

© Pearson Education Ltd 2C
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Exercise B, Question 2

Question:

A particle Fis mowing on the x-axs Attime 2 seconds, the velocity of F s
(842 —%" ms ! inthe direction of x increasing. At time £ =0, Fis at the point
where x =4 Find

a the magnitude of the acceleration of F when 1 =3,

b the distance of F from & when £ =1.

Solution:

TWhen £=3,
2—6x3=-16

The magnitude of the acceleration of P when £=3 iz 16m s~

b

x=Jvd.ﬁ
=% +£ —f +c, where ¢ is a constant of integration.
When £ =0,x=4
d=0+0-0+c=0c=4
x=4+8+8 -8

When § =1,
r=4+8+1-1=12
The distance of F from O when £=11 12 m.
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Exercise B, Question 3

Question:

A particle F1s moving on the x-axis. At time £ seconds, the acceleration of F 1z

(16— 2¢1m s in the direction of x increasing The velocity of P at titne ¢ seconds is
vm st
When f=0v=6 and when ¢=3,x=75. Find

a vinterms of £,

b the value of x when £ =0

Solution:

v=Jad£

=16t —£° +¢,where ¢ 13 a constant of integration.

When t=0v=06
E=0-04c=c=6
v =6+166—¢

x=Jvd.§
= 6t + 8 — §+E:, where & is a constant of integration.
When & =3, x=75
75=6x3+8x9- 2L +k
E=T5-18-T2+%=-4%
x=6.¢+833—§—6
When § =0,
r=0+0-0-6=-5
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Exercise B, Question 4

Question:

& particle P is mowving on the x-axs Attime ¢ seconds (where £ 200, the velocity of
Pis vm s inthe direction of x increasing, where v=12—z—£*.

Find the acceleration of P when P 1z instantanecusly at rest.

Solution:

Pz at rest when v=10

0=12-¢-¢
P12 = +hHiE-H=0
t=-43

Ag 206 =-4 15 rejected.

e

=—1-2

=

“When £=3,
ag=—-1-2x3=-7

The acceleration of F when P comes to instantanecusly to restis 7ms * in the

direction of x decreasing.

© Pearson Education Ltd 2C
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Exercise B, Question 5

Question:

A particle 15 mowing in a straight line. Attime ¢ seconds, its displacement, x m, from a
fized point O on the line is givenby x=4£ — 39 +120¢.

Find the distance between the two points where P is instantaneously at rest.

Solution:

x =4 =392 + 120

v = e =12.2 — 78 +120
d

Fiz atrest when v=10
1262 T8 +120= 6(252 —1%+200 =60 -0 —-41=10
=254

When F=2.5,
x=4(2.5)° —39(2.5)° +120% 25=11875
When =4,
=44 =39 +120 x4 =112
The distance between the two points where P 15 instantaneously at rest 13

(118775 -1120m =6"75m.
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Exercise B, Question 6

Question:

Attime ¢ seconds, where £ 20, the velocity vm ¢ | of a particle moving in a straight

line is given by v=12+7— 6. When £=0, P iz at a point O on the line. Find

a the magnitude of the acceleration of # when v=10,

b the distance of P from & when v=0.

Solution:
a When v=10,
124:—6:2 =10

682 —f—12= (2 -+ H=0
_ i 4
Lign o
Ag EED,£=—% 1z rejected.
a=E=1—125
s

When £=E

a:

The magnitude of the acceleration of & when v=0 1 1¥m s

b

x=Jvdf.

1 £ _ . .
=12+ E.ﬁz — Ef +¢, where e 15 a constant of integration.

When : =0 x=0
D=040-04+r=c=0

When r.=%,
v
x=]2/1.5+%— 2x1.5% =12.375

The distance of F from & when v=01 12375 m.
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Exercise B, Question 7

Question:

A particle Fis mowing on the x-axis Attime 2 seconds, the velocity of F s
(d¢ —£*Ym s ! in the direction of x increasing, At time =0, Pis at the origin O. Find

a the value of x at the instant when ¢ = 0 and P is at rest,

b the total distance moved by P in the interval 0=2=5.

Solution:

a Fisatrest when v=10
v=4i—2=10
td—1 =10
Ly f=0,5=4

[

x
1.2
§£

TWhen £=0x=10

7 et

D=0-04+c=0=¢c=10

x=2£2—%33
When £=4
_ g &2
x=2x4 ?—10§
b When £=5
3
———y
x=2x4a T_BE

In the interval 0=£<5, moves to a point ]U% m from O and then returns to a point

B%m from &

The total distance mowved 13 IU%H:ID%—S%] =13m .

© Pearson Education Ltd 2C

file://C:\Users\Buba\Downloads\All Edexce-Level Math Booksssssss\Mechanics ... 3/4/201:



Heinemann Solutionbank: Mechanics 2

Solutionbank M2
Edexcel AS and A Level Modular Mathematics
Exercise B, Question 8

Question:

A particle P is moving on the x-ams. At time ¢ seconds, the velocity of P s
(66 — 26:+15)m 57! in the direction of x increasing At time £=0, P is at the origin
). In the subsequent motion P passes through O twice. Find

a the two non-zero values of ¢ when P passes through O,

b the acceleration of P for these two values of £

Solution:

a

x= Jvdr.
= 2¢ —1%* +15% + ¢, where ¢ is a constant of integration.
TWhen £=0x=10

0=0-04+0+c=c=0
x=22 =132 +15t =226 -t -5)

When x=0 and{ 15 non-zero

_ 3
5—5,5
h
a=ﬂ=123—26
ot
3 3
"Whenr.=j,a=12/§—26=—8

The acceleration of Pis 8m s in the direction of x decreasing.
When t=5,a=12x5-26=34

Then acceleration of Pis 34m s in the direction of x increasing
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Exercise B, Question 9

Question:
A particle P of mass 0.4 kg is moving in a straight line under the action of a single
variable force F newtons. At time £ seconds (where ¢ 200 the displacement x m of F

. o i . .
from a fixed point &' iz givenby x=2¢ + P where & 15 a constant. Given that when
+

£ =10, the velocity of P1s fms ! find

a the value of k&,
b the distance of P from & when £=0,
¢ the magnitude of F when ¢ =3,

Solution:

a

x= i+ k(+10!

v=E=2—k(ﬁ+1) ﬂzz—Lz
dt t+1)
When i =0v==56
& =2—£2==£:=—4
1
b “With &k =—4
x=2£—i
i+1
When £ =0,
=0_i=_4
0+1

The distance of F from & when i =0 154 m.

v =2-4(+1)7
a=3=8@+1)3= 2 5
de (£+1)

When £ =3

i Bl
[#) —Z?—g
F = ma

=0.4/%=0.05

The magnitude of Fwhen ¢ =3 13 005
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Question:

A particle P moves along the x-axis. At time £ seconds (where ¢ =0) the velocity of
is (3t =12t +51m = ! in the direction of x increasing. When £ =0, P iz at the origin
. Find

a the velocity of & when its acceleration 15 zero,
b the values of £ when F 1z again at O,
¢ the distance travelled by P in the interval 3=:=4 .

Solution:

a a=ﬁ=6z—12=0::£=2
e

When £ =2,
v=3x22_12x24+5=-7

The welocity of P when the acceleration iz zero is 7m s ' in the direction of x
decreasing,

s=J‘(3:3—12.z+5)d:
= -6t +56+C
When t=0,z=10

0=0-0404+0=0C=0
5=t —6f2 +5¢

Freturns to & when s=10

s=E = - 1)E—5) =0
gi=1 5

¢ When t=36=3-6x3+5x3=-12
When £=4,5 =4 —6x4* +5x4=—60
The distance travelled by F in the interval 3=¢=4 1248 m

(The solutions of v=3%*-12t+5=0 are approximately 7.79 and 0.21, so P does not
turn round in the interval )
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Question:

A particle P moves in a straight line so that, at time £ seconds, its velocity vm s

given by
I 4, 0=t<2

=4
15— e

l:‘-\.ml I

a oketch a velocity-time graph to illustrate the motion of 2
b Find the distance mowved by P in the interval 0=z=<5

Solution:

a

vimsh

(% ——

0

11(5)

b It the first two seconds P moves 2x4=8m

sszﬁzJ@—4zhw

2
=5-¥_to=5+24c

When #=2s=8

8=5x2+24C=12+C = C=—4

s=5t+2-4
TWhen § =235,
s=5/5+§—4=21.8

Tn the interval 0<: <5, Pmowves 21.8 m.
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Exercise B, Question 12

Question:

A particle P moves in a straight line so that, at time ¢ seconds, its acceleration,

2 X %
atms ", is given by

[6: -2, 022
a =
| 8-¢, ¢>2

When i =10 the particle 12 at rest at a fized point & on the line. Find

a the speed of P when :=2,
b the speed of P when £ =4,
¢ the distance from O to P when £ =4 .

Solution:

a For0=¢i=2

v = J‘a de =j‘(6z—.z?)d:
1

= 3?3 —§£3 +c, where ¢ 15 a constant of 1ntegrati on.
When t=0v=10
0=0-04+e= =10
Y R
v =3 Ef
When =2,
3
s 98 3R
IR ) e

The speed of Pwhen i =2 15 Q—E,Ems L

b Fori=2Z,

v =jad.t=J(8—z)dz
2

= 85—%5 +i, where kiz a constant of integration.
From a, when £=2,v=?
Z=16-S+k=k=-3
v:Sz—%zj—IB_"l
When (=4
v:32—8—13_4:53_8

The speed of Fwhen =4 i3 %ms L
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¢ For0=¢=2,

i r/ 1 | 1 ; ] :
r= Jvd.t = j | B 533 |de =#% — Ez“ +!, where [ iz a constant of integration

When i=0x=10
O=0-0+!{=7=0

When i=2,
a0
x=23—ﬁ=? (1)
Foréz=2,

x=Jvd.t=JI:BE—%E2—%I|CE=4£2—1E3—%f+m,

whete mis a constant of integration,

|

From (1) abowe

When I=2,x=$

an g 2% _ 4
?—16 = T+m=3~m—§

The distance from ' to & when i =4 15 36 m.
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Exercise C, Question 1

Question:

At time £ seconds, a particle F has position vector v m with respect to a fized origin

) where

r=(%-Di+ -4

Find

a

the velocity of P when £ =3,

b the acceleration of & when £ =3.

Solution:

a

v=r1=3i+(3 -4
TWhen £=3,
v=73i+23

The welocity of Pwhen £ =35 18 (1+230ms .

a=v==£f
“When £ =3
a=13j

The acceleration of Fwhen =3 iz 18 ms™
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Exercise C, Question 2

Question:

A particle P is mowving in a plane with velocity vm s at time ¢ seconds where
v =i+ 2: - 3)j.
When i =0, Phas posttion vector (31+47)m with respect to a fizxed origin & Find

a the acceleration of F at time £ seconds,

b the position vector of F when £=1.

Solution:

a a=v=21+2]

The acceleration of P at time ¢ seconds (2A+2) ms >,

r=[vde = [(ffi+@e-3)i) de
Bind  moss
=§1+(f =3+ C

When i=0r=>"+43
A4+d=m+j+C =C=5351+4

Hence
fﬁE A
1~=|§+3|i+(:2—3:+4)j

When £ =1

R o
1 —3§1+2]
The position vector of Pwhen ¢ =1 iz |:3%i+ 2j:|m.
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Exercise C, Question 3

Question:

A particle P starts from rest at a fized origin & The acceleration of F at time
¢ seconds (where £ 2071z (6221 +(8— 4] m s . Find

a the velocity of F when £ =2,

b the position vector of P when £ =4

Solution:

v = [ade = (671 + (8- 48))) &
=281+ (& —tHj+C
When :=0,v=01+0j
0 +0j=0i+0j+C= C=0i+0]

Hence
v=201+(8—-Yj
When £=2

v=161+{8x 2-2"j=16
The velocity of Pwhen £=2 iz 16ims .
b

v de = 2+ (8- )i

-
Il
—

i+ [4s? —%55 lj+D

bl —

When i =0r=0i+0j
0i+0j=0i+0j+D=D=0i+0j
Hence

4 i 5%
r=1id] a2 L

2 5
When i =4

1o | .,
1.:%iﬂ 4/42—§ |j =128i-104 .8

The position vector of P when ¢ =4 15 (1281 -104 Bjim
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Exercise C, Question 4

Question:

Attime i seconds, a particle P has position vector v m with respect to a fixed origin
() where

r =44 (24 — %Y.
a Find the speed of Pwhen =2

b Show that the acceleration of & 1z a constant and find the magnitude of this
acceleration.

Solution:

a v=r=8i+(24-6e)
When t=2
v=161+12
| v[F =162 +122 =400 = | v |= 4400 = 20
The speed of Pwhen =2 is 20m s
b a=v=H-§)
Az there iz no ¢ in this expression, the acceleration 13 a constant.
|aff=8° +(—5)2=100:|ﬂ|=m=10
2

The magnitude of the acceleration s 10m s
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Exercise C, Question 5

Question:

A particle Fis initially at a fized origin & At time £=0, Pis projected from & and
moves so that, at time £ seconds after projection, its position vector 1 m relative to &

1z given by
r=( 120+ (4 —60)j. 12 0.
Find
a the speed of projection of P,
b the value of ¢ at the instant when & 15 moving parallel to J,

¢ the position wvector of & at the instant when & iz mowing parallel to j.

Solution:

a v=r={_%-12i+(8 -6
When =0,
v =-141—-6]
| v = (=12 + (=6 =180 = | v|=+/180 =645
The speed of projection iz 6J§m 5 4
b When F iz moving parallel to j the velocity has no 1 component
F12=0=f=d=:=2 (=20
¢ “When £=2
1= (2 —12x2)i+ 4= 2P —6x 2 =—161+4]

The position vector of P at the instant when P iz moving parallel to j iz (—161+4jim .
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Exercise C, Question 6

Question:

Attime ¢ seconds, the force F newtons acting on a patticle P, of mass 0.5 kg, is given
by

F=3a+(4-5
When £=1, the velocity of Pis 12im 5! Find
a the velocity of P after ¢ seconds,

b the angle the direction of motion of P makes withi when £ =35, giving your
answer to the nearest degree,

Solution:
a
F = ma
3+ (4t —5)j = 0.5a
a = 66 + (8 —10)j
v =J}.d.z=j(6zi (8 —10)j) de

=31+ (@ —108j+C
When i=1,v=121
12i=3-6j+C =C=9+6j
Hence
V= O -1+ 6
When £=5
v=(3%5" + Di+ @ x 5* —10% 5+ 6)j = B4i + 56j

b The angle v makes withi1s given by

L
tan 6= = 0~ 34

The angle the direction of motion of & makes with 1 when =23 15 34" (hearest
degree).

© Pearson Education Ltd 2C

file://C:\Users\Buba\Downloads\All Edexce-Level Math Booksssssss\Mechanics ... 3/4/201:



Heinemann Solutionbank: Mechanics 2 Pagel of 1

Solutionbank M2
Edexcel AS and A Level Modular Mathematics
Exercise C, Question 7

Question:

A particle P is moving in a plane with velocity vm s attime ¢ seconds where
v= (3" + 2 + (& —4)j.
When i =2, Phas posttion vector %) m with respect to a fized origin & Find

a the distance of F from &' when £ =10,

b the acceleration of P at the instant when it 12 moving parallel to the vector i

Solution:

r = [vde= (3 +2i+ (6 iy
= (£ 4200+ (% —40j+A
When i=2,v=9
9j=121+4j+A = A= 121 +5j
Hence
=00 42— 12004 (3 -4+ 5)
“When £=0,
r =-12i+5
I[P = (=122 +5° = 169 =|r |=+/165 =13
The distance of P from & when (=013 13 m

b When P iz moving parallel to 1, v has no j component.

s il
& —4—0:&-3—§

a=v=~0i+6]
TWhen z=%,
a=41+6)
The acceleration of F at the instant when it is moving parallel to the wector 1 is

(446§ ms?.
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Exercise C, Question 8

Question:

1

Attime ¢ seconds, the particle P is mowing in a plane with wvelocity vm s and

acceleration am s, where
a=({2-4n+6)
Given that P is instantanesusly at rest when =4, find

a  vinterms of £,

b the speed of ¥ when £=15.

Solution:

a v= J}. A =J'((2:—4)i +6j)de = (2 — 48 +64+C
When i =4 v=0i+0j

0i+0] =(4* —4x Di+6x 4j+C =24j+ C = C=-24j

Hence
v=( =401+ (62 — 24)
b “When =5
v =5+ 6j

|vP=5'+6 =61=|v[=4/61=7281
The speed of Pwhen £=5is 7.81ms ! (3 s.£).
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Question:
A particle P is moving in a plane. At titne ¢ seconds, the posttion vector of P, v m, 13
givenby
r =3¢ -6+ i+ (£* + k), where k is a constant.
When i =3, the speed of P1s 12—\.'{‘5_)111 a

a Find the two possible wvalues of &

b Forboth of these values of &, find the magnitude of the acceleration of P when
i=115.

Solution:

a  v=1={f—60+(3" +2k)]
When =3
v=12i +(27+6k)j
| v =122 +(27+6k)? =(125)*
144 + 729 + 324k + 36k° =720
26k% + 324k +153=0
(=9
4+ 36k +17 = 2+ D2k +1T1 =0
k=-05-85
b Ifk=-05

v = (6t —6)+ (3 -0
a=v=6i+(6—1)

When £=1.5

a = 6i+8j
| al* =6*+8* =100=|a|=10
If k=-85

v = (6t — 0 +(% —176)]
a=v=F6i+(6:—17Y

When £=1.5

a=6i—8j
|aff =6*+(-8)°=100=]a|=10

For both of the values of & the magnitude of the acceleration of P when £ =15 15
10m s,
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Exercise C, Question 10
Question:

Attime £ seconds (where ¢ =0, the particle F 13 moving in a plane with acceleration
ams?, where

a={%—-3n+{B-1)
When £=0, the velocity of Pis (2i—5m s ! Find
a the velocity of F after ¢ seconds,

b the walue of ¢ for which F i moving parallel to 1—3,

¢ the speed of P when it 12 mowing parallel to 1—3.

Solution:

v = fade= (5t i+ @B
|§ i+ - _; li+cC
When f=0,v=21-3j

-5 =00 +0j+C = C =25
Hence

v=| %:2-} 2 fi+] 3:-3-;2-5 i

The welocity of F after ¢ seconds is i | %fﬂ %42 '|i +|' gf—%fg—j |] |m s

b The gradients of v and 1—j are equal

1.2
- 5t —5_1
jz —-3+2
85—2 —5——73 +3-2
28 +5-3=(2-D+3)=0
el
z—j,—B
Asiemios
c "‘-?\i"hen.§=1j
(5 3 _1_\._9._ 9.
\«—II_E —+2|1+I4 § 5,.“ z1-2]
o gyl (912 9.3
|v|2 =|-.§_-| +|-__§..| =2 I-_g,l = V|=T
o , [« i} 1
The speed of F when it iz moving parallel to 1—7 is —ms
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Exercise C, Question 11

Question:

Attime ¢ seconds (where £ =0), apatticle F iz mowing in a plane with acceleration
(21— 24)ms > When £=0, the velocity of P iz 2jm ¢ | and the position vector of P

15 &1 m with respect to a fized origin P
a  Find the position vector of & at titne £ zeconds,

At time £ seconds (where £ 200, a second particle 15 moving in the plane with
velocity ((%* —41—24)m s ' The particles collide when £=3.

b Find the position vector of (& at time £=10.

Solution:

=)
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Exercise C, Question 12

Question:

A particle P of mass 0.2 kg is atrest at a fized origin & At time f seconds, where
D=¢=3, atorce (2ri+3)) Mis applied to F.

a Find the position wvector of P when £=3.
When £ =3, the force acting on P changes to (614 (12 —£9) 0, where £ 23

b Find the velocity of P when : =6

Solution:

=)
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Exercise D, Question 1

Question:

Whenewver a numerical value of g is required, take g =9.8m s

A patticle P is projected from a point O on a horizontal plane with speed 42m s

and with angle of elevation 45° . After projection, the particle mowves freely under
gravity until it strikes the plane Find

a the greatest height abowe the plane reached by F,
b the time of flight of F.

Solution:

a Eesolving the initial velocity vertically
R{1) w,=42:in45°=21y2
B w=21J2v=0,a=-08s=1
v =u? + 2as
0% = (21217 — 2% 9.8

_ 3¢ _ a2

Tor mE

The greatest height above the plane reached by P iz 45 m

BT s=0u=2142,a=-098s="7

g5 = uz+%a£2

0 = 2122 —4.94°
=0

2142 _
t=3=6.0609...

The titme of flight of Piaé 15 (2 1f)

© Pearson Education Ltd 2C

file://C:\Users\Buba\Downloads\All Edexce-Level Math Booksssssss\Mechanics ...

Pagel of 1

3/4/201:



Heinemann Solutionbank: Mechanics 2

Solutionbank M2
Edexcel AS and A Level Modular Mathematics

Exercise D, Question 2

Question:

A stone is thrown herizontally with speed 21m s ' from a peint P on the edge of a

cliff 2 metres abowe sea lewel The stone lands in the sea at a point (2, where the
horizontal distance of (! from the cliff is 26 m.

Calculate the value of &

Solution:

Eeszolving the initial velocity horizontally and vertically
Ei—=) w =21
Eily w, =0

¥

E{—) distance = speed ¥ time

e _ 5B
56—21><.ﬁ=>.ﬁ—ﬁ

g
3

g

Ril) s=hu=0,a=981=2

s 1 .2
b —u.ﬁ+ja.ﬁ

a
B :0+4.9><@ —34.344
B =35(2¢f)
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Exercise D, Question 3

Question:

A particle F mowes in a horizontal straight line. At time i seconds (where ¢ =0 the
velocity vm s of P is givenby v=15—-3 . Find

a the value of  when F 15 instantaneously at rest,

b the distance travelled by P between the time when i =0 and the time when F 15
instantanecusly at rest

Solution:

a v=15-73
When P iz at rest, v=10
0=15—-3=t=5

s=vde=J(15-30a
e el
=15¢ jI +c

Let 5=0,when é=10

0=0—-04¢ =2¢c=0

szlﬁz—%fﬂ

When (=25
s=15><5—%52:3?_5

The distance travelled by F between the time when £ =0 and the time when P iz
instantanecusly atrestis 37.5 m.
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Exercise D, Question 4

Question:

A particle P moves along the x-axis so that, at time £ seconds, the displacement of P
from ' is x metres and the velocity of Fis vm s ', where
v=6t+1F
1
a  Find the acceleration of P when 1 =4,

b Given also that x = -5 when { =0, find the distance &OF when ¢ =4 .

Solution:

- 3.2
a a=— 6+jﬁ

When £ =4
4 =6+%42=30

The acceleration of Z when =4 15 30m s>,

x=jvdz=j(6z+%z3)d.ﬁ

= 3;2+%r.“ +e

When £ =0, x=-5
=5=0+0+c=ec==-5

x=332+%z4—5
When £ =4
4
x =3x8+ 1 -5=75

OF ="T5m
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Exercise D, Question 5

Question:

Attime ¢ seconds, a particle P has position vector v m with respect to a fixed origin
O where

1= (352 — 4+ —452)j.
a  Show that the acceleration of F iz a constant.

b Find the magnitude of the acceleration of 7 and the size of the angle which the
acceleration malkes with j.

Solution:

a
v =r = i — 8
a= v==61—3j

Acceleration does not depend on 2, hence the acceleration is a constant.

jki 6
@
b

A
N

|aj= 6% +(-8)* =100=]a|=10

The magnitude of the accelerationis 10m 7.

tan@=5=9~53T

The angle the acceleration makes with j 1z 20° +33 17 =143 1" (nearest 0.1°).
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Exercise D, Question 6

Question:

Attimne =0 aparticle P is at rest at a point with position vector (41— &) m with

respect to a fized origin & The acceleration of F at time ¢ seconds (where £ 20) 12

((4 —31—6:%)m s Find
a the velocity of P when £ = li

b the position vector of F when £ =6

Solution:

v = adz:j((4z—3)i—6zﬂj)dz
= (2" -3 -2+ A

When f=0,v=0

0=0i+0j+A=A=0

v = (2% - 30i- 265

TWhen f.=l

r=jvd£=j((2;2—35)i—?z3j)dz
= 3_3 2 ._1 4.
—(iz jr. )1 jz j+B

When £=0r=4i—£fj

H-—6j=0i+0j+B=B=4i-4j

(23 _3.2 . 1 :
r —(54‘. 25 +4J1 (21‘. +6J]

When =6
r=144 - 54+ — {648+ &) = 94i — 6544

The position vector of Pwhen =6 18 (34i— 6340 m
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Exercise D, Question 7

Question:

A ball 15 threwn from a window abowe a horizontal lawn. The velocity of projection is
15m s7* and the angle of elevation 15 o, where tan o =;. The ball takes 4 s to reach

the lawn. Find

a the horizontal distance between the point of projection and the point where the
ball hits the lawn,

b the vertical height abowe the lawn from which the ball was thrown,

Solution:

4 - 4 o
a taIl{ki—?=:-5111&:—5,::-:::305—3

Eesolwing the initial velocity horizontally and vertically
R(-) w, = 15coscr=15%3=9
340 %,=ﬁmna=ﬁx§=12
E{—) distance =speed® time
=9xd=736
The horizontal distance between the point of projection and the point where the ball
hits the lawn is 36 m.
b Let the vertical height above the lawn from which the ball was thrown be 2 m

BT s=-hu=12a=-98:=4

by =u.§+1jcxi2

—h =12%4-49% 4 =304 =% =304
The wertical height above the lawn from which the ball was thrown 15 30 m (2 = £
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Exercise D, Question 8

Question:

A projectile is fired with velocity 40m s at an angle of elevation of 30° from a

point A on horizontal ground. The projectile mowves freely under gravity until it
reaches the ground at the point £ Find

a the distance A5,
b the speed of the projectile at the instants when it 15 15 m abowe the plane.

Solution:

a Fesolwing the initial velocity horizontally and vertically

R(—) u, =40c0s30" =203
R(T) w, = 20sin 30" =10
EM s=0u=20a=-98:="
5= ui+%a£2
0=20:-4.92 =£20-4.90)

20

g 20
4.9

Ei{—) distance = speed® time

=20ﬁx%=141.39_..
AB =140 (255}

R(T) w=20a=-98s5=15v=v,

v =y’ +2as

vy = 20" - 2% 9.8%15=106

PP o=ul +v? = (20437 +106 =1306

Fo=y1306 =36153 .

The speed of the projectile at the instants when it is 15 m above the plane is 36m s
(2sf]

© Pearson Education Ltd 2C

file://C:\Users\Buba\Downloads\All Edexce-Level Math Booksssssss\Mechanics ... 3/4/201:



Heinemann Solutionbank: Mechanics 2

Solutionbank M2

Edexcel AS and A Level Modular Mathematics
Exercise D, Question 9

Question:

At time ¢ seconds, a particle P has position vector © m with respect to a fizxed origin
) where

I = Zcos 31— 25in 3.

T

a  Find the wvelocity of F when ¢ = E

b Show that the magnitude of the acceleration of P is constant.

Solution:

a v=r=—bsn3i— Hcos 3
When z=%
v=r =—6sin§i— 6cos§j =—61—0j

The welocity of F when ¢ =% is —fim s

a=v =-18cos i+ 18:n 3
|aff =(-18ces30® +(18sin 35)°
=18%(cos® % +sin” 3) =18
la|=18

The magnitude of the acceleration iz 18m s aconstant
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Exercise D, Question 10

Question:

A particle F of mass 0.2 kg 15 moving in a straight line under the action of a single
variable force F newtons At time £ seconds the displacement, s metres, of P froma

fized point A is given by 5= 3 +4¢* — %33 ;

Find the magnitude of Fwhen i =4

Solution:
s Shepgaryundy)
ds 2
d
a=2 =53
ds
When =4
a=8-3x4=—4
F=ma
=02% (- =-08

The magnitude of Fwhen i=4 12081
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Exercise D, Question 11

Question:

Attime i seconds (where ¢ 207 the particle & 15 moving in a plane with acceleration

ams® where

a=(8 —60i+(8t—3))
When ¢ =2, the velocity of P is (16i+3)m s'. Find
a the velocity of P after £ seconds,

b the value of ¢ when P is mowing parallel to 1.

Solution:

a

V=jad.t = j[(aﬁ — 680 + (B - 3)j | e
= (26 -3 )i+({47 - 3e)§+C
When (=2, v=16i4+75j
16+ 3 =20i+1+C=C=-4-7j
v=(2t" -3 - Di+ 4 -3 -Nj
The velocity of F after & seconds is [(254 -3 - 4)i +(-4.ﬁ2 s —T")j] ms™,
b When F 15 moving parallel to 1, the j component of the velocity 15 zero.

4*-%-7=0
E+1E-T=0
¢ =0

7

t=3

© Pearson Education Ltd 2C

file://C:\Users\Buba\Downloads\All Edexce-Level Math Booksssssss\Mechanics ... 3/4/201:



Heinemann Solutionbank: Mechanics 2 Pagel of 1

Solutionbank M2
Edexcel AS and A Level Modular Mathematics

Exercise D, Question 12

Question:

A particle of mass 0.5 kg 15 acted upon by a variable force F. At time £ seconds, the
velocity vms ! is given by

v = (det — 61 +(7 —c)t?], where cis a constant.
a oshow that F=[2a+{7-c1g] M.
b Given that when £=25 the magnitude of F iz 17 M, find the possible values of 2.

Solution:

a=v=4ci+2{7 -cij
F=pma
=105 [4ci+ 207 — c)zj] =2ei+ (7 —2if, as required

b t=5=F=2ci+(7-2)5
|F[f=4c? +25(7-)* =17*
4c 4 1225- 3500 + 252 =289

29c? — 3500 +936=10
(c— 4)(2%c —234) =0

_ o, 24
c—4,ﬁ~8.0?
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Question:

A ball, attached to the end of an elastic string, 18 mewing in a vertical line. The motion
of the ball 15 modelled az a particle 5 movwing along a vertical azis so that its
displacement, x m, from a fized point & on the line at time £ seconds 13 given by

x=06 cos[ F?f | Find

a the distance of B from O when z=1j,

b the smallest positive value of # for which B iz instantaneously at rest,

¢ the magnitude of the acceleration of B when £ =1. Give your answer to
3 significant figures.

Solution:

a 1-Nhenr.=1j

_ ® 1y _ =
x= 0.61305(?%5)—0.6::053

=033

The distance of B from & when I=1j iz 0.3—\.@ .

_ B
—0.6><T

The smallest posttive value at which v=10 1z given by

m_x 3
T gt 3
_dv _ z i
C Q_E__D'ﬁ(ﬁ] cos[?]
When £ =1

2
=_n&|E Bl 2

a= 0.6(3] cos(%]=-03289...

The magnitude of the acceleration of Bwhen =115 0.329ms™ (3 o.f)
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Exercise D, Question 14

Question:

A light spot & mowes along a straight line on a screen. At time £ =0, 515 at a point O
Attime ¢ seconds (where ¢ =07 the distance, x cm, of 5 from & 15 given by

x=4t""  Find

a

the acceleration of & when {=In4,

b the greatest distance of 5 from O

Solution:
a v=E=4E—051_236—051
dt
a = E=_2 E—Uj!_ 2 E—th_i_z E—Uj! =(3_4}E—05!
s
When t=1In4

1
g =(lnd—4eM = (21n 2- 4)e 2

=1(Q2ln2-4H=1n2-2

The acceleration of Swhen z=1In4 i (In2— 23 m s in the direction of x increasing,

dx

For a mazimum of x, — =v=0

v=@-2)e?=0=¢=2
When £=2

x=dx2g 7 =gt

The greatest distance of 5 from O 13 ? tn .
E
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Exercise D, Question 15

Question:

A particle P iz projected with velocity (Jui+4uj)m s from a fized point O on a
horizontal plane. Given that P strikes the plane at a point 750 m from &

a showthat =175,
b calculate the greatest height abowe the plane reached by P,

¢ findthe angle the direction of motion of F makes with i when £=25.

Solution:

a Taling components horizontally and vertically

Ei—) w, =3
R(TY u, =du
E{—) distance = speed¥ time

?50=3uz=»z=zuﬂ

1
R(T) 5 =u£+ja£2

0 = dut — & 952
2
o = Zx2s0 _4_9(@J — 1000 — 306250
u i Hy
2 _ 3062350 _
= g = 306.25

= 430625 =175, as required

u, =4du=4x%17.5=70
R(T) v =u? + 2as
0F=70° - 2% 9.8x s
it

The greatest height abowe the plane reached by F 15 250 m.
¢ When i=35

R(r) v =u+ai
v, =70-98x5=21

The angle the direction of motion of P makes with i when £ =5 iz 227 (nearest
degree).
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Exercise D, Question 16

Question:

A particle P s projected from a point on a horizontal plane with speed w at an angle
of elevation 6.

2 5in 26

E
b Hence find, as & wvaries, the mazimum range of the projectile.
2

: g e g 4P :
¢ Given that the range of the projectile iz BL’ find the two possible value of 6.
g

a =how that the range of'the projectile 1s

Give your answers to 0.1°

Solution:

a Taking components horizontally and vertically
E(—=) wu,=wucosd
R(T) u,=using

R(T) &= u£+%a£2

Cl=usin8.ﬁ—%gﬁj=£(usin9—%gﬁ)

(0

Zusin g
i=
E
Let the range be &

distance = speed ¥ time

Zusind  Zmsindcosd

g g
TTzing the identity sin 28=2sinBcoz 8

R=ucosdx

_utsin 28

g

B

b Fiz amaxzimom when sin20=1, that 1z when 8 =45",

2
; o g s
The maximum range of the projectile 18 — .

g
2 2.
g IfR=2u ,Eu " sin 28
3g 3g £
’ o i)
s1r129—§

28 =41.81°(180-41.81)"
8 =205 691° (nearest 0.17)

© Pearson Education Ltd 2C

file://C:\Users\Buba\Downloads\All Edexce-Level Math Booksssssss\Mechanics ...

Pagel of 1

3/4/201:



Heinemann Solutionbank: Mechanics 2 Pagel of 2

Solutionbank M2
Edexcel AS and A Level Modular Mathematics
Exercise D, Question 17

Question:

A golfball is driven from a point 4 with a speed of 40 m s* at an angle of elevation

of 307 On itz downward flight, the ball hits an advertizing hoarding at a height
15.1 tn abowe the level of 4, as shown in the diagram abowe. Find

a the timne taken by the ball to reach its greatest height above A,
b the time taken by the ball to travel from A to &,
¢ the speed with which the ball hits the hoarding.

Solution:
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Taking components horizontally and vertically

Ri{—) n =40cos30°=2043
R(T) u,=40sin30"=20

a
R(T} v=u +at
0 =20-9.8t == 23 =2.0408...
The time taken by the ball to reach its greatest height above 4 15 2.0 5 (2 5.1
b

R(r) S=u£+%aé2
15.1=20¢— 4.9¢
4.9 -20t+15.1=0
(t-14.9%-15.11=0

Ot the way down the time must be greater than the result in part a, so ££1.

aud SHT 5
z—ﬁ—3.0816_..

The time taken for the ball to travel from A to Bi15 313 (2510

R(r} v, =t +ai

L

151 _
ﬁ——10.2

Vi=ulevi= (204/3)7 +(-10.2)" = 1304.04
F=-120404 =36 111...

The speed with which the ball hits the hoarding is 26m s (2 s.£).

=20-95x
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Exercise D, Question 18

Question:

A particle F passes through a point & and moves in a straight line. The displacement,
s metres, of P from &, ¢ seconds after passing through & iz given by

=]

5=t 1 gt =0

Find an expression for the velocity, vm s ', of P at time ¢ seconds.

b Calculate the walues of ¢ at which F is instantaneously at rest.

¢ Find the value of ¢ at which the acceleration 15 zero.

d  Sketch a velocity-time graph to illustrate the motion of P in the interval 0=:= 6,
showing on your sketch the coordinates of the points at which the graph crosses
the axes.

e Calculate the wvalues of 2 in the interval 0= <§& hetween which the speed of F is
greater than 16m s 1.

Solution:
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e

=3 00— 24

»v=

& &

The velocity of P after £ seconds is (—%° +226— 24 m s

When v=10
32— 208424 =(Z-NE-0=10
_ 4
£—§,6
a =E=—6z+22=0
df
el
E g
vims-1)
16

i 1 6

The speed of F iz 16 when v=16 and v=-1§,

When v=16
3% + 22 - 24 =16
3¢ —22¢4+40 =0

(3t-10)(t —4) =0

=14

When v=-16
342024 =—16

3 - 22 +8=0
22+, (484 - 96
t= (6 }=U.38,6.95(2 dp)

From the diagram in part d, the required values are

DE;«:D.BS,%«:;«M
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Exercise D, Question 19

Question:

A point P moves in a straight line so that, at time £ seconds, its displacement frotm a
fized point O on the line is given by

‘ 46%, 0==3
s=q 24-36, 3<z<6
‘—252+96z—652, £>6.

Find
a the velocity of F when £ =4,

b the velocity of P when £ =10,
¢ the greatest positive displacement of F from O,

d the values of s when the speed of P iz 18m s’

Solution:
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a "When £=4, #is1nthe range 2 <& 26, 50 5= 2436

-
At

The velocity of Pwhen ¢ =4 is 24 m 57 in the direction of s increasing.

h  When £=10_ {1z in the range £ = &, 50 §=—2524+ 96t — 612

v=E=96—12£
di
When £=10

y=96—-12x10=-24

The welocity of P when £=10 iz 24 m s in the direction of 5 decreasing.
. : . ds
¢ The mazimum displacement is when E=v= 0

9 —-1%=0=¢=32

When =158

s=-2524+96x8-6x8 =132

The greatest positive displacement of P from O iz 122 m.
d The speed of Pis 18m 5™ when v=+18

In the range 0= <73

df 4
e —4><[9f—2025
en f=.5= 3] =20

In the range 2 = &

v:%—m:ls:-z:@:s.ﬁ

5= -250+96% 65665 =1185
v=96-12=-18=¢=""2 =95
= —2524096% 05— 65w9 5 =118.5, the same result as forv=18

The walues of 5 when the speed of P is 18m s are 20.25 and 118.5.
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Exercise D, Question 20

Question:

The position vector of a particle F, with respect to a fixed origin O, at time £ seconds
{where £ =0) 1z | 63—533 ‘1+(3.§2 —H)) | m . At time ¢ seconds, the welocity of a

second particle (, moving in the same plane as P, is (—81+ 3 ms 1.

a Find the value of ¢ at the instant when the direction of motion of P 1s
perpendicular to the direction of motion of O

b Given that P and (' collide when £ =4, find the position vector of O with respect
to & when £ =10,

Solution:
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a Forl
v=p =(6—%1Ji+(6z—8)j

The tangent the angle the direction of F makes with 11z given by
= £ —8
- 3
f— 5t

The tangent the angle the direction of O makes withi iz given by

ol

3
Using mm =—1
]

3
6j£

3
K-zt =-1

3(6¢ — ) =8(5—§:]
18¢% — 24 = 48— 12¢
18° —12-48 =0
3(t— (3 +4) =0
£20
t=2
b “When =4
p=[5><24—%><43)i+(3><42—8><4)j=—8i+16j
For O
o = [(-8i+3g)de = B+ 2+ A
WWhen =4, p=q=—-8+1§j
“Bi416j= 32+ 24j + A = A = 24i — §
q=(24—85)i+@zﬂ—ajj
When £=10
g = 24i - 5j

The position vector of O withrespect to O when £=0 1z (24i—2jim.
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