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Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 1

Question:

Whenever a numerical value of g is required, takke g =9 8m s,
[ this question 1 and j are perpendicular unit vectors in a horizontal plane. ]

A ball has a mass 0.2 kg, It is moving with velocity (30i) m s~ when it is struck by a
bat. The bat exerts an impulse of (—4i+4) Mz on the ball. Find

a the velocity of the ball immediately after the impact,

b the angle threugh which the ball 15 deflected as a result of the impact,
¢ the kinetic energy lost by the ball in the impact.

Solution:

a —di+4d)] =02v-02x301

v=10i+20jm s 4—— Impulse=rchange of momentum
h
Final velocity
///
e 20
/
//LT [l » Original velocity
0
o
tan @ = T
g =634
¢ E E lost
= 2% 0.2%30% — 2% 0.2(10° +20%)
=407
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Solutionbank M2
Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 2

Question:

A particle F of mass 0.75 kg 1z moving under the action of a single force F newtons.
Attime ¢ seconds, the wvelocity vm s™ of Pis given by

v =t +2)i - 64.
a Find the magnitude of F when £ =4

When ¢ =23, the particle F receives an impulse of magnitude 9«}'5 Mz in the direction
of the vector 1—73.

b Find the welocity of P immediately after the impulse.

Solution:

a v =(+2)i— 64

‘7_'__,___’_._’———'— Differentiate to find a.
a = 24— 6j

F =0.75(24 - &]) - Tsze F =wma to find F.
4= + Malce £=4
F =0758i-67)
=6i—4.5
|F|= \f(ﬁg +4.5)=75N « The magnitude of F is the
modulus of the vector.
h
I=pri—-7 -« Lmpulse 15 parallel to

i—-3.
1| =" +25 =2
But|I|=9+2 . p=9
M- =072v-(27 =300 4_—_| Impulze = change of momentum

36 -36] = Sv -8l 4905 \
3v =111 -126j For the initial velocity, =35,

¥ =3%-42m s
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Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 3

Question:

A tennis ball of mass 0.2 kg is moving with velocity (=101 m s~ when it is struck by
atennis racket. Immediately after being struck, the ball has velocity (151 +15) m a7

Find

the magnitude of the impulse exerted by the racket on the ball,

the angle, to the nearest degree, between the vector i and the itmpulse exerted by

the raclet,

¢ the kinetic energy gained by the ball as a result of being struck.

Solution:

I=02(15+155) - (—10i))

= 5 +3j
IT|=.J(5+3 =34
=583 Ns

b
e 3
Par ]
5
_3
g = 31" (nearest degree)
¢ E E gained
=%x02x05?+wﬁ—%x02xlw
=357
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TTze

impulse = change of momentum .

The magnitude of the impulse iz
the modulus of the vector.
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Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 4

Question:

Attime £ seconds the acceleration, am s™ |, of a particle F relative to a fized origin O,
is given by a= 21+ &4 . Initially the velocity of Pis (2i—4{im s,

a Find the velocity of P at titne £ seconds,

Attime f=72 seconds the particle &1z given an impulse (3i-1.54) Ns .

Given that the particle P has mass 0.5 kg,

b find the speed of P immediately after the impulse has been applied.

Solution:
a
v = (2i+6) de
= 2i+ %Y +¢ - Den't forget the (vector) constant
P of integration.
e =2i-4
v o= (24 2+ (3 - D
)]
f=2v =61+ < Find the velocity immediately
3 —15f = 0.5(V — (6i+8])) before the impact.
fi-3j=V-6i—-§
V=12i+5 Impulse = change of momentum .
X (122 +52) =13 t———— |Speed is the modulus of the
Speed = 13ms™ velocity.
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2 Review Exercise
Exercise A, Question 5

Question:

The unit vectors 1 and j lie in a vertical plane, 1 being horizontal and j vertical.

A ball of mazs 0.1 kg 15 hit by a bat which gives it an impulse of (3214370 Nz The
velocity of the ball immediately after being hit is (10i4+25)) m 37"

a Find the velocity of the ball immediately before it 15 hit.

In the subsequent motion the ball 1z modelled as a particle mowing freely under
gravity. When it 18 hit the ball 12 1 m abowe horizontal ground.

b Find the greatest height of the ball abowe the ground in the subsequent motion
The ball 15 canght when it i3 again 1 m abowe the ground

¢ Find the distance from the point where the ball iz hit to the point where it iz
caught.

Solution:
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3.51+3 =0 1[(1_|ji +25)) - (ui +vj)] +——| Impulse = change of momentum |
w4V =(-251-5]1ms™

b Vertical motion T +ve -

z=25ms"

v=0mzs? - The j component is the vertical
a5 _a velocity.

a=-98ms

1

v =y + 2as
0=625-2x908¢s
_ 65

C 198

Height abowe ground

_E2S

= W-l_ 1=329m
¢ Wertical motion T +ve - 4+— | Tze the vertical motion to find
the time talen.
g=10
a=-98ms"
w=25ms?
&= u.ﬁ+%a32

O=23—%x98f

0 =¢(25-4.9
4.9
Hsisalsies — This will give you the distance.
B 25
5= IDKE
=51m
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2 Review Exercise
Exercise A, Question 6

Question:

Two particles, 4 and 5, of mass s and 3w respectively, lie atrest on a smooth
horizontal table. The coefficient of restitution between the particles 12 025

The particles A and 5 are given speeds of Tu and w respectively towards each other so

that they collide directly. Find

a the speeds of A and & after the collision,

b the lozs in kinetic energy due to the collision.

Solution:
a
= Tu V-
g =025
A () m im () B
— —

Trs — 3y = max+ Zegy

dy = x+3y (D)
025% (Tu+u) =y—x
2u =y—-x (2)
D+(2) b =4y
In (2) 2u=§—x

N 4_'_'4—'__—._.__4_._._,—-—'
X =-=
2

A has speed %

B has speed E‘%

b EE lost

|
A b
bl —
¥
AT
>

1
KX (Tu)? +X 3mX w

2 1 % a
:) +f’<3mx[3]]
2 2
27
=1mx49uﬂ+zmz_[ﬂ+ m}
2 2 a g
_4 g
_Tm
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+—— Draw a diagraml

| Conservation of momentum.

+———— Mewton's Law of Restitution.

Solve (1) and (2) simultaneously.

The minus sign shows the arrow in
the diagram is pointing in the
wrong direction.

=peed is always positive.
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 7

Question:

Two uniform smooth spheres A and B are of equal size and have masses 2 and 2m
respectively. They are both mowving in the same straight line with speed &, but in
opposite directions, when they are in direct collision with each other. Given that 4 iz
brought to rest by the collision, find

a the coefficient of restitution between the spheres,

b the kinetic energy lost in the impact.

Solution:
- g -
" P
e T \
A /) m B () 2m
= () -

a dpm— Znm = Zmw

Conservation of momentum.

B = 2wy
e(u+u) = . —
+«—Mewton's Law of Bestitution.
Jite = v

Eliminating v
mrne = 2l lug)
1

855
b EE lost
1 g 1 2 1 I 1
=j><3m +j><2m —[D+jx2m(ju)] | v=2ne = Zuxz
1
3 2 1 4 = _u
= g — 3
_n 2
77l
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 8

Question:

& smooth sphere 5 of mass e i moving on a stmooth horizontal plane with speed s It
collides directly with ancther smooth sphere 7, of tnass 2w, whose radius is the same

as & The sphere Tis moving inthe same direction as & with speed %u . The sphere §
iz brought to rest by the impact.

Find the coefficient of restitution between the spheres.

Solution:
- 1 -y
5 m T Im
= () -y

mu+3m><é—u = Sp

-+ Conservation of momentum.
3
S¥ = v
=2y
1 paty ) =
(1 — Eu] = +«—— Mewton's Law of Eestitution
_1
= U
61
2 3){5
3
é o {0
5
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Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 9

Question:

A smooth sphere & of mass 2 15 moving with speed & on a smooth horizontal plane.

The sphere 5 collides with another smooth sphere T, of equal radius to S but of
tnass ke, moving in the same straight line and in the same direction with speed

Ag, 0= A = % The coefficient of restitution between S and Tis .

Given that &' iz brought to rest by the impact,

1+ kA
k(1-Ay

b Deducethat £ =1,

a showthat o =

Solution:
a
- = Aui
SN il ¥ -
5 L) m T () ki
= () - 1

pan 4 dow A = oy
wil+iA) =k (I
v=e(n—hu) =eu(1-K21(2)

Elitninate v from (1) and (23

u(1+ih) = keu(1- 3
144
él gurrury
E(1= )

g=l1
= 1+kh =k-kh

1
1-2%

=k

+— | Conservation of momentum.

g

Mewton's Law of Festitution.

Any coetlicient of restitution
satisfies 02e =1,

but 0aha%:~0a1—21c1 ey,

© Pearson Education Ltd 2C
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 10

Question:

A particle A, of mass 2, 15 moving with speed & on a horizontal table when it
collides directly with a patticle B, of mass 3, which iz at rest. The coefficient of
restitution between the particles iz 2.

a Find, in terms of ¢ and u, the velocities of A and B immediately after the collision.

b Zhow that, for all possible values of 2, the speed of A imme diately after the

collizion 15 not greater than %u ;

11

Given that the magnitude of the impulze exerted by Bon A s <

PR
¢ find the value of 2.

Solution:
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a
= U =0
T R P
S ) 2m B( )3m
A — " Vg

2mi = 2rpy + 3nny,
du = 2u, +3v, (1)

gu =vy—v, (2)
(+2x(2)
Zu+ Zen = vy + 2vg

Vg =2?u(1+e)

In (1)
2= 2vﬂ+6?u(l+e)

vy = u—%(1+e}

i
= L(2-3)

F 3

Conservation of

motnentum.

«— | Mewton's Law of Eestitution.

b | Selve (17 and (2)

simultaneously.

Tzing the smallest possible value

h
2 &
e=0vA=TH
g=1v, =—%
: 7
The maxzimum speed of 415 — .
¢ Forf

1l _ 2u
Ure = x 2 (1+4)

11=6+6g
. Fa
*T%

© Pearson Education Ltd 2C
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for & gives the mazimum velocity

of A

TTzing the largest possible value

tor & gives the minimum velocity
of A, This minimum must be
considered as it may give a
greater speead.

'_'_'—\'—-—-—-—1 Impulze = change of mnmentumi

Wotle with oxe of 4 and B Tt s
easier to worlo with B as B's initial
motmentium 15 Zero.
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 11

Question:

A sphere P, of mass s, 18 moving in a straight line with speed & on the surface of a
smooth horizontal table. Ancther sphere O, of mass S and having the same radius as
F, iz initially at rest on the table The sphere P strikes the sphere O directly, and the
direction of motion of F iz reversed by the impact The coefficient of restitution
between M and O iz 2,

a Find an expression, in terms of w and &, for the speed of P after the impact

b Find the set of possible values of 2.

Solution:
a
] . : ; ;
T = The direction of motion of F 13
. e~ reversed by the impact.
P )m Q () 5m
- Vp =V

mu = Sn, — vy

rs

Conservation of momentum

u =5V, — Vv (L

el = vyt (2
R Hewton's Law of Eestitution

Eliminate Vg

#=5lpu—vy) —vp
Ev, = ku—u’\{ v, 18 not needed!

vP=%_(5e—1)

T oulnew the direction for

r 3

v = 0 .
Vp 18 cotrect.

S Se—130 e?%

=
1
.
I
—
A

I This 15 afways true.

© Pearson Education Ltd 2C
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 12

Question:

A smooth sphere A of mass e i moving with speed & on a stooth horizontal table
when it collides directly with another stnooth sphere B of mass 3w, which is at rest on
the table. The coefficient of restitution between 4 and B is e, The spheres have the
same radius and are modelled as particles.

a =how that the speed of B immediately after the collision is %(1 +elu

b Find the speed of A immediately after the collision

Immediately after the collizsion the total kinetic energy of the spheres 13 %mz :

¢ Find the value of .

d Hence show that 4 iz at rest after the collision

Solution:
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a
= i = ()
.| \ ) m B Im
T — ™ Vg
ML = vy + 380y -
B = v, +3vy gy
ey mVemhy () — |
(D+H(2)  wtew =4y,
vy = % (14 &0
b Taing (23

v, =vp—eu
:%(1+E)H—EH

1.0
_1(1 CEYER

¢ EE after impact
1

mvf1+2 % 3V

Ba] = pa| =

m(%(]— 32)3;)2 +%m(%(1+eju)2

—_

= o 2 3 ol 2

= -m(1- 6o+ 0e )+jmﬁ(l+2e+e )
2

=%(1—6e+9;32+3+6e+392)

_ mj 2

—T(4+]22 )

2
= - (1+3%)

Conservation of momentum.

MNewton's Law of Eestitution.

EE after impact =ému2 "

! S il

(1436t =

6+18° =3

182 =2

9

1

£=z (g =10
dvA=%(1—3é'}
T 1
=5 (1-3x5)
=0

oA s atrest

© Pearson Education Ltd 2C
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Heinemann Solutionbank: Mechanics 2

Solutionbank M2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 13

Question:

A particle F of'mass m 15 moving with speed 3 in a straight line on a smooth
horizontal plane. Tt collides with another particle (0 of mass 2m which 1s mowing with
speed 2u along the same straight line but in the opposite direction. The coefficient of
restitution between P and 15 2. The magnitude of the unpulse given to each particle
during the collizion is Smen, and both & and & have their directions of motion reversed
by the collision.

a Show that e = %

b Calculate the lossz of kinetic energy due to the collision

Solution:
a
= 3u 21 -
- P \ \ i (8] / , 2 -
Smiu - - Smu
V- = Vo
For P
i Impulse = change of momentum ,
Swme = wrvp — m(—3u) e — )
but watch signs.
Vp = 21
For (&
Sy = 2w — 2ml—2)
1
Vp = U
e(3u+2u) = vp+vy
1
Jeu = Zu Tsu +— INewton's Law of Restitution.
1
Al
g = iy
b Loz of EE
= Ll o ouy? = (lm(zu)? FILEVE WY (5)2)
2 2 2 2 2
2
= 2 me? + domes® —{2m3+£J
2 4
25
4

© Pearson Education Ltd 2C

Pagel of 1

file://IC:\Users\Buba\Downloads\All Edexce-Level Math Booksssssss\Mechanics ... 3/5/201:



Heinemann Solutionbank: Mechanics 2 Pagel of 1

Solutionbank M2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 14

Question:

A smooth uniform sphere S of mass 2 13 moving on a smooth horizontal plane with
speed . The sphere collides directly with another smooth uniform sphere T, of the
same radius as 5 and a mass 22, which 13 at rest on the plane. The coefficient of
restitution between the spheres is 2.

a Show that the speed of T after the collision is ;—u(1+e) ;

iven that 2 = %

b i findthe speed of 5 after the collizion,

i determine whether the direction of motion of iz reversed by the collision

Solution:
a
- = ()
Ly m T /: 2m
- Vg =l

M = Vs + 25y

Conservation of momentum.
8 =y +2vp 1 -

fL =V — Yy ()

*—— | Mewton's Law of Eestitution.

(D+2) wtenw =3

Vp = %u(1+é)
b ifrom (2)

1
L =§u(1+e)—v5
Vg =1§u(1+e)—eu
vy = 1u(l-2)

butei'%:%l—Ze?‘:D

speed must be positive.

oo Bpeed of B is %u@é—l). -——————

ii  The arrow in the diagram was the
wrong way round, as shown in
b (1), so the direction of motion was
reversed.

© Pearson Education Ltd 2C
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 15

Question:

A particle P of mass 3m 15 moving with speed 2u in a straight line on a smooth
horizontal table. The particle P collides with a particle () of mass Zme mowing with

speed u in the opposite direction to & The coefficient of restitution between & and
iz 2.

a =how that the speed of O after the collision 1z ;—u(Qe +47 .

Az aresult of the collision, the direction of metion of & 15 reversed.

b Find the range of possible values of 2.

¢ Criven that the magnitude of the impulze of P on O is %m find the walue of 2.

Solution:
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g
- LU T

n ..z"'\_ i ,J o
! L) dm O

- lp -

3 2 — e = S+ 2o
S = 3up +dug
e(Zu +u) =uy —up

Jeu =up —up

T 9
)] & ‘]
J m

i

-

(1

()

Elimimnate 2, between (1) and (2):

Au =3y — 3eu) + 2y
Ay = 53;12 — Bauy

up = zu(%e+4)

b Taing ()

5
LY
Il
B
S
|
oy
g

2% 44— Gop

wal ko tal —

(2 —3e)
But

“peed must be positive,

Conservation of momentum.

Mewton's Law of Eestitution.

Diurection of motion of & 13

uP{U -
L2-3e =)

reversed.

L b2
&

¢ ForlZ
2 vt = 2% L1u(9a+4) + 2
32 = 29 +4)+10

lee =14

© Pearson Education Ltd 2C
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D=g=l.

*— Iinpulse = change of momentum.
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Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 16

Question:

A small smooth ball A of mass m 15 moving on a horizontal table with speed u when it
collides directly with another small smooth ball B of mass 3m which 15 at rest on the
table. The balls have the same radius and the coefficient of restitution between the
balls iz 2. The direction of motion of 4 is reversed as aresult of the collizion

a Find, interms of ¢ and w the speeds of A and B immediately after the collision

In the subsequent motion & strikes a vertical wall, which 1z perpendicular to the
direction of motion of B, and rebounds.

The coefficient of restitution between £ and the wall 13 %
Giwen that there 15 a second collision between A and &,

b find the range of walues of # for which the motion described is posaible.

Solution:
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a
= I = ()
poee; o The direction of motion of A 12
A )m B ( )3m reversed,
1-.'| - - III_H
Conservation of momentum.
B = —Bvy + S -
=3y — vy (1
2 =ik (2) — | Mewton's Law of Restitution.
M+(2) wllds) =4dv,
Vg = i—lu(l+e)
MTaing (23
1
£14 =vﬂ+zu(1+e)
vy = qu(Be=1)
b

L gy

P

A

V-
31

M= H}{zu(1+e}
3
= Eu(]+e)

For a second collision
Fev,

3 1
%(He} > zu(Ge=1)

3432 21204

Mewton's Law of Eestitution

3

w43
with 2=3.

& must mowe faster than A.

© Pearson Education Ltd 2C
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 13

Question:

A particle F of'mass m 15 moving with speed 3 in a straight line on a smooth
horizontal plane. Tt collides with another particle (0 of mass 2m which 1s mowing with
speed 2u along the same straight line but in the opposite direction. The coefficient of
restitution between P and 15 2. The magnitude of the unpulse given to each particle
during the collizion is Smen, and both & and & have their directions of motion reversed
by the collision.

a Show that e = %

b Calculate the lossz of kinetic energy due to the collision

Solution:
a
= 3u 21 -
- P \ \ i (8] / , 2 -
Smiu - - Smu
V- = Vo
For P
i Impulse = change of momentum ,
Swme = wrvp — m(—3u) e — )
but watch signs.
Vp = 21
For (&
Sy = 2w — 2ml—2)
1
Vp = U
e(3u+2u) = vp+vy
1
Jeu = Zu Tsu +— INewton's Law of Restitution.
1
Al
g = iy
b Loz of EE
= Ll o ouy? = (lm(zu)? FILEVE WY (5)2)
2 2 2 2 2
2
= 2 me? + domes® —{2m3+£J
2 4
25
4
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Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 18

Question:

A smooth sphere P of mass 2me 15 moving in a straight line with speed & on a smooth
hoerizontal table, Another smoaoth sphere O of mass »2 12 at rest on the table. The

sphere P collides directly with (. The coefficient of restitution between & and O is % ;
The spheres are modelled as particles.

a Show that, immediately after the collision, the speeds of & and (0 are gu and gu

respectively.

After the collision, ( strikes a fized wertical wall which iz perpendicular to the
direction of motion of P and (. The coefficient of restitution between (& and the wall
1z 2. When P and & collide again, F iz brought to rest.

b Find the value of &
¢ Ezxplain why there must be a third collision between F and O

Solution:
a
- i = ()
P \_\ 2m O _\ m
> Vp —= vy
2w = Zravp Iy + Conservation of momentum.
2u = 2vp vy ih
1
=y, —y (20 e —
3 B e Mewton's Law of Bestitution.
2
iTi+2% (E)T = vg+2vg
_ Bu
BVQ = ?
_ Bu
Vo
Tsing (2)
1
Vp =Vp 3l
1
U
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V- wrall

Mewton's Law of Eestitution.

1

Here, ¢ = again.

L

= () - W

Su Zue
EMK?—MKT— B

-—

Conservation of momenturm.

105 — e = Sw (=)

JECH T

3,9 ]

Hewton's Law of Eestitution.

Su4Bue = 27w (4
Eliminating w between (3) and (43

30100 — Bue) = 5w+ Bue
30— 2due = Su 4 Bue
3e = 20u
25

Vi
¢ (i3 now moving towards the wall once
more,
After O hits the wall, it will return to collide

with P once more.

© Pearson Education Ltd 2C
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 19

Question:

Two small smooth spheres, P and & of equal radius, have masses 2 and 3m
respectively. The sphere P 15 moving with speed Du on a smooth horizontal table
when it collides directly with () which is at rest on the table. The coefficient of
restitution between P and iz 2,

a Show that the speed of { immediately after the collision 1z 2014+ &) .

After the collizion, (& hits a emooth vertical wall which iz at the edge of the table and

perpendicular to the direction of motion of O The coefficient of restitution between
Fandthe wallis f, 0< F=1

b Show that, when e =04 there 12 a second collision between & and O
Giiven that e =08 and there 15 a second collision between P and (2,

¢ find the range of possible walues of £

Solution:
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a
= Su = ()
P i__ \ 2m 0 () 3m
> Vp — Vg
2w = devy + 3mvg — | Conservation of momentum.
10: = 2vy+ 3, 1
ex i =vy vy (2 +— Mewton's Law of Eestitution.
D+3x(2):
10k +15g: = 3vg+2vg
108 +15e1 = 5w,
Vp = du+3en=2(1+e)u
b Fromi Find direction of motion for F, as if

Fis mowving towards the wall there
must be a second collision between

= 2{1+eiu — Seu Fand
v = 2 1du — 5% 0. dy

= 0.8 \ =04 inh.

vy = 00 F moves towards the wall and will

collide with O after O rebounds from the
wall.

Vp =V, — Deu

g =103
vy = 2x¥1 80— 5M0 8u
= —0 4u
{2 hits the wall:

2x 1.8u 2=0.3

-

~

Q . Mewton's Law of Eestitution.

V- wrall

v="71 bnf

0.4 u—= 3.6 uf =
By e O

For a second collision

36uf = 04u
04 1
236709

Range for fis All coetficients of restitution are
1 / less than or equal to 1.

i =

5~ F=1
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 20

Question:

A particle A of mass 2m, moving with speed 2u 1in a straight line on a smooth
horizontal table, collides with a particle 5 of mass 3m, moving with speed u in the
same direction as 4. The coefficient of restitution between 4 and B iz &

a =chow that the speed of B after the collision is
2u(7+22).
b Find the speed of A after the collision, in terms of u and 2.

The speed of 4 after the collision 13 %u .

¢ chow that e = %

Atthe instant of collision, A and B are at a distance & from a vertical barrier fized to
the surface at right-angles to their direction of motion Given that B hits the barrier,

and that the coefficient of restitution between & and the barrier s % :

d find the distance of 4 from the barrier at the instant that & hits the barrier,

e show that, after & rebounds from the barrier, it collides with 4 again at a distance

%d from the barrier.

Solution:
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a
= 2 - 1y
A (_\ 2m B () 3m
r 1‘.1 - 1.H
2R e+ 3mkn = Zenvg + Servy, " Conservation of momentum.
T = 2vy + 3wy (1
e(lu—u) =vy—v Mty )
5o Mewton's Law of Bestitution
U = Vp—Vy (23
D+ 2% ()
T+ Zew = 3vy+ 2vy
vy = zu(7+2)
h  Using (23
V=V —eu
= %u{?+2e}—eu
)
= Eu(? 38

c %uf?—Be) = lu

T
141 —beze = 11w
bet = 3 é'=1§
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d Fori:
Distance to barier =d

1 __ Bu
Spee-ci—is‘uf?'+1)—T

Tse =

b —

IO

o Time to barnier =4 L8 _5d
o B

Distance moved by 4 in this time:

1 [ 3] 5d
=

5 20 Bu

1l 54 114
= b =

S5xZ2 Bw 16

oA A —E=E from the barrier.
16 16

e After B hits the barrier:

B B < T B ]
SpEE-ci-::ufB—EKT—W
. bz
1 10
F A

A \_J BA\_J

Equal speeds, opposite directions.

A and B owill collide at mid-point of the
distance from A to the barrier at the instant &
hits the barrier, 1.e. they collide at distance

% from the barrier.
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 21

Question:

A

The diagram shows a uniform heavy plank of wood A5, of mass s, whose lower end

A s resting on rough horizontal ground and whose upper end 5 s resting against a

rough vertical wall. The coefficient of fiiction between the plank and the ground and
2

ketween the plank and the wall is 7

The plank 15 about to slip at both ends.

a ~uggest a suitable model for the plank so that the forces exerted on it by the
ground and the wall can be found.

b Show that the horizontal component of the force exerted by the wall on the plank
frmg
iz

18

Solution:

Pagel of 2
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i F
R: - //‘ ﬂ
rd
//
R 4
Ik ///
rd
g o
.IF'.|
Y
me
a uniform rod
h
R{—) R =57
2
Atthe ground H = §R1 - Friction iz limiting.
2
i §Rl

R(TY A +R =mg
Atthewall F=1R,
S e
fahd TR N
%RQ = mg Substitute for &, and & in

F,+ R =mg

Friction 15 limiting.

F' Y

_a
Rg—ﬁmg

© Pearson Education Ltd 2C
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 22

Question:

A uniform rod, of mass w2, rests with one end A against arough vertic al wall and the
other end B on arough horizontal floor. The vertical plane through the rod iz
perpendicular to the wall. The coefficient of friction between the wall and the rod iz
L. The coefficient of friction between the floor and the rod 15 L. Giventhat 9 1z

the inclination of the rod to the floor when the rod 1z on the point of slipping, show
that

2pgtand =1—ppy,.

Solution:
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A F
K, = 1 A Let AB=2I
4
LA
P4
d
Ry A ///
f/
~
A
B Faooy
mg
A=wf FE=ur = The rod must be on the point of

slipping at both ends.

M(E) mglcosd = A dcosd +H X2 sind
mgcosd =2 EBcosd +2Kand (1)
R':’h F+R, =mg « Eesolwving will not use the angle &.
MmE AR, =mg ()
Ri=) 7/ =R
LR = mE (3

From (2) and (3) By 15 needed to substitute in
By = py(mg — LR t/‘f)

equation (1)

B4y} = pomg

_ g
e r——
(14 L)

Substitute 1in (1)
mgcosd = Eglcosﬂxﬂ

(14 L)

+25in g 78 —
(14 i) Cancel g and divide by cosd
2ih 1y +2tan8><,u.2 using Sme=tanﬂ.

Cos

(I+pgpy (T ,)
I+ iy =2y, + 20, tan 8
2pptan @ =1—

A 15 needed to substitute in

equation {17,

© Pearson Education Ltd 2C

file://IC:\Users\Buba\Downloads\All Edexce-Level Math Booksssssss\Mechanics ... 3/5/201:



Heinemann Solutionbank: Mechanics 2 Pagel of 2

Solutionbank M2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 23

Question:

6a

e
.

x\x

]
. B
A® .

Ha -

A ouniform rod A8, of length Ba and weight W, iz free to rotate in a vertical plane
about a smooth pivet at A, One end of a light inextensible string is attached to B The
other end ig attached to point C which iz wertically above A, with AC =6a . The rod
1z 10 equilibrium with A5 horizontal, as shown in the diagram.

a Bytaking moments about A, or otherwize, show that the tension in the string is
5
EW'

b Calculate the magnitude of the horizontal component of the force exerted by the
pivot on the rod

Solution:
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ba .

y4

AH

a Mi{d) Tandxda=F xda

- : | -
BC=10a=sind = ; Bv Pythagoras or recognition of a

Txix8 = 4w Cuite e
e i
&
b Ei—) X ="Tcosd
Swo 4
=—}<—
& 5
oo

© Pearson Education Ltd 2C

file://IC:\Users\Buba\Downloads\All Edexce-Level Math Booksssssss\Mechanics ... 3/5/201:



Heinemann Solutionbank: Mechanics 2 Pagel of 2

Solutionbank M2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 24

Question:

A B

l m
A uniform rod A5 has mass 2m and length @ The end A4 1z smoothly hinged at a fized
point. A particle of mass a2 15 suspended from the rod at the end 5 The lvaded rod 15

held in equilibrium in a horizontal position by a light string, one end of which 15
attached to the rod at B, the other end being fized to a point & vertically abowe A, as

shown in the diagram. The string makes an angle of 30° with the herizontal.
a Show that the tension in the string 15 dmeg.
b Find the magnitude of the force exerted by the hinge on the rod at 4.

Solution:
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A

Y =
=4
¥

2 mg me

a M(A) 2mg X %"'mgﬂ =Tasin 307 *—————— Taking moments about.d gives
at equation without X or ¥

2mg =T}<%
T=dmg

b R(TY ¥ +Tsin30° = 2mg +mg
I = 3mg — dmgsin 307

r =3mg—4mg><1§
I =mg

E(—=) X =Tcos30

Wil
X =dmgw =
Hg@a TTze the exact wvalue of coz30° for
X = 2mg\-’§ an exact final answer.
Eesultant = A 1+|:2«jr§]|2 ]mg
= mg~i13

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 25

Question:

A

A uniform rod AF of mass sz and length 24 15 smoothly hinged to a vertical wall at A
atd ig supported in equilibrium by a rope which iz modelled as a light string One end
of the rope iz attached to the end B of the rod and the other end iz attached to a point

' of the wall, where O 1z vertically abowe A, AT =CF | and £ CAF =30", as shown
in the diagram.

a Show that the tension in the rope 15 0 Semeg.
h  Find the magnitude of the vertical component of the force acting on the rod at A.

¢ Ifthe rope were not modelled as a light string, state how this would affect the
tension throughout the rope.

Solution:
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—
™~
%

L

& N
P

a MA mgasn30® =T % 2asn 30°

2T = mg
T =10.25mg

b E(TY ¥ =mg+Tcosblr
_ 1 1
r = g+ mg K

v o=
4

¢ The tenzsion would not be constant

throughout the length of the string,

© Pearson Education Ltd 2C
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 26

Question:

A uniform ladder AB, of mass m and length 2a, has one end A on rough horizontal
ground. The coefficient of friction between the ladder and the ground 15 0.6, The
other end & of the ladder restz against a smooth vertical wall,

A builder of mass 10 stands at the top of the ladder. To prevent the ladder from
slipping, the builder's fiiend pushes the bottom of the ladder horizontally towards the
wall with a force of magnitude £ This force acts in a direction perpendicular to the
wall. The ladder rests in equilibrium in a vertical plane perpendicular to the wall and
tnakes an angle of with the horizontal, where tan o =% .
a 3show that the reaction of the wall on the ladder has magnitude Temg.

b Find, in terms of #2 and g, the range of values of P for which the ladder remains in
equilibrium.

Solution:
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XNat—oun

i
Y 10 myge

i

= 2

mg

g
I“ F -
F+P

a M) XZasing =10mg ¥ dacoss+mg ¥ acos

25 tan oo = 20mg +mg LN

2}{}{% = 2mg +mg

Divide by cos o as you know the

value of tan o .

X =2lmg
A =lmg
b BT R =10mg +mg =1lmg
R(—) F+P =X
P=X-F

F iz minimum when 7 acts towards the wall
and has ite mazimum magnitude,

F=nHE=06x1lmg =6 bmg
LB = mg - Gbmg
=0 dwmg

Fis maximum when F actz away from the
wall and has its mazimum magnitude.

By =Timg — (~6.6mg)
=13 émg
S 0dmg = P13 6mg

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 27

Question:

A piece of equipment used in an acrobatic show consists of a smooth cylinder which
iz fized, with itz axis herizontal, to a rough herizontal plane. A plank, which iz
modelled as a uniform rod AZD of tmass s and length da, rests in equilibrium on the
cylinder at the point O, where AC =3a.

The end A of the plank restz on the plane and A5 makes an angle of 30° with the
horizontal, as shown in the diagram. The points A, 5 and O lie in a vertical plane
which iz perpendicular to the axis of the cylinder.

a Find the magnitude of the force exerted on the plank by the cylinder at the point
.

Given that the plank is in limiting equilibrium and that the coefficient of friction
between the plank and the plane 15 L,

b show that p,=%-\."§.

Solution:
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g | There 15 no frictional force at

[

5
b
a "
o '_l/-} C N
Eul___. : |
- .-~:,:" 11} \\. 0 5
\ F
Y
mg

a M(4) Sx3a
39

Ry

EM &R =

R(—) F =

A o=

BEE B Sh. 3

© Pearson Education Ltd 2C

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

8]

= 2??3ng

N

W& s |

g — S coz 30°
mg—mggxg
LA,
Mg — = Mg = = g
Sroos i
S5

e x ty

meg W 2 cos 307 +————— Take moments about A for an

equation without R and &

Friction iz limiting.
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2 Review Exercise
Exercise A, Question 28

Question:

A non-uniform ladder AS, of length 4a and weight W, has its centre of mass ata
distance @ from 5 The ladder rests with 4 against a rough vertical wall and with its
lower end B on smooth horizontal ground.

The coefficient of friction between the wall and the ladder 1z 1 The ladderisin a

vertical plane perpendicular to the wall and makes an angle o with the horizontal
where tan & = 2. A man can just prevent the ladder from slipping dewn by applying a
horizontal force of magnitude F, perpendicular to the wall, at B The ladder iz
modelled az a non-uniform rod

a Draw a diagram showing all the forces acting on the ladder

b Find an expression for Pinterms of Wand 4.

Solution:
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N

b
WAy WxBacosat+ Prdasina =F xdacosa
AV +4FPtana = 47 < Divide by cos o and use
W +eF = 4 (1) —13
Ei— P = K & RO
EM F4+Y = W &
F o= uR (4, = Friction is limiting.

TTzing (3 and (4)
YF=W-uR
TTzing this in (1)

W 4P = 4 —uR)
and since” = K {from (2))
AW HEF = 4 —ul
AW +EF = 4W—4uF
Fidu+8)y = W
W

g = 2
448

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 29

Question:

A straight log AF has weight Wand length 2e. & cable 15 attached to one end & of the
log. The cable lifts the end B off the ground The end A remains in contact with the
ground, which is rough and herizontal. The log is in limiting equilibrivm. The log

takes an angle & to the horizontal, where tan o =%. The cable makes an angle B

to the horizontal, as shown in the diagram. The coefficient of friction between the log
and the ground iz 0.6 The log is modelled as a uniform rod and the cable as light

a Show that the normal reaction on the log at 4 i3 %W
b Find the value of 5.

The tension in the cable 15 L3
¢ Find the value of .

Solution:
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Tk
T

a
ME) Axiacosa + Frlasing €———— Tic not wanted
= Wxacosa
2R+2Ftane = W 4 Divide by cos @ as the value of
ER—G—EFX% = W tan & 1z known.
2R+1F = W
F=puR = 068 *—— TFriction is limiting.
L2R+IX06R = W
258 = W
Bo— 2
23 5
b

E(—=) ToosfB=F
As F=06R and R=§W

Teos§ = 06x2W
-

Trosd = EW oy

R() TsinS+R = W
Tsnf = W—2w
Teng = %W (2)
Tain 3 25

@+ 1228 = Zpy 2
Fross ] &
tan 7 = %

4 = 682

T = %W:—sin £3.2

= 0&4EH
ko= 0646

© Pearson Education Ltd 2C
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Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 30

Question:

A uniform ladder AF, of mass 2 and length 2, has one end A on rough horizontal
ground. The other end B rests against a smooth wvertical wall. The ladder 15 in a
vertical plane perpendicular to the wall. The ladder makes an angle o with the

horizontal, where tan o =%1 A child of mass 2 stands on the ladder at & where
AT = %a . as shown in the diagram. The ladder and the child are in equilibrinm.

By modelling the ladder as arod and the child as a particle, calculate the least
possible value of the coefficient of friction between the ladder and the ground

Solution:
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X=—38B
s
s
4
a ./
_4
Vi tah a = —
1 d 3
R 1{3,/
rd
* "
|l ﬂ//{
I
A F
Y v
2mg mg
MA)
EMgX%czcosa-l-mgxacosa:X><2czsina
mgt+mg = ZAtanoa 4 Divide by cos o and use
g = 2X><§ —
. COS &
£ = FE
EMy R = Z2mg+mg
R = Zmg
Ei— F = X
.. 3
F o= e
o< ukR

%mg < Wx3mg

[
[

I

The least value of U 15 i_l

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 31

Question:

A uniform ladder, of weight W and length 2a, rests in equilibrivm with one end 4 on
a stooth herizontal floor and the other end & on a rough wettical wall. The ladder 1z
in a wertical plane perpendicular to the wall. The coefficient of friction between the
wall and the ladder 15 L. The ladder makes an angle 8 with the floor, where

tan 8 =2 A horizontal light inextensible string CD) iz attached to the ladder at the
point O, where AC = %a . The string 1z attached to the wall at the point D, with 20

vertical, as shown in the diagram. The tension in the string is %W By modelling the
ladder as a rod,

a findthe magnitude of the force of the floor on the ladder,
b showthat Q22 %

c State how you have used the modelling assumption that the ladder 15 a rod.

Solution:
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':yr tan 8 =12

1 (/]I- .U
'

a M(E) Sx2acozd “

Taking moments about 5 gives
an eruation with 5 the only

= %Wx%asinﬁ'—!—ﬁ’xacosﬁ' unknown guantity.
U 7.
28 = EWtanﬁ'-i—W - Divide by cos? and use
28 = Fiw sinf _ o
¢ - W ey }
N
tand =2
b R(—) R = %W
B F4+58 = W
_ o T 1
F =W s §W
Foo= uR
1 1
EW = szlu.
1
SE s

¢ The ladder will be straight.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 32

Question:

& uniform ladder AR, of mass 10kg and length 4 m, rests in equilibrium with the end
A onrough hoerizontal ground. The end B of the ladder rests against a stooth vertical

wall, the ladder being in a vertical plane perpendicular to the wall The coefficient of

friction between the ladder and the ground iz % . The ladder iz inclined at an angle &

to the horizontal, where tan 8 =2 . & man of mass 80 g stands on the ladder at a point
which is a distance x metres from 4.

Find the range of possible values of x.

Solution:
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§ - AB
s
2m /
Y,
//
R rd
b 2m /7
e
//
/"’i]'q .
A F v Y80¢

lﬂg

[ T,
Il
LI oL =

MiA) 10g=xZeosf+B0grcosf =S xdsnf

20g +80gx = 45tand
20g +80gx = BY

BTy R
R = 90g
F

R(—) = g

" F = L(20g+80gx)

For equilibrium

F o= uR

F = =R
3

".5(20g +80gx) < 5x90g

2

11

4

x must be positive {or Zero)
11

e B Bt i ot
..U_x_4

1
z-l—x

[

X

[
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2 Review Exercise
Exercise A, Question 33

Question:

A uniform ladder, of mass A and length 5 m, has one end on rough horizontal ground
with the other end placed against a smooth vertical wall. The coefficient of friction
between the ladder and the ground 15 0.3, The highest point of the wall 15 higher than
the highest point on the ladder. Given that the top of the ladder 13 4 m vertically above
the level ofthe ground,

a show that the ladder cannot remain in equilibrium in this pesition.

A brick 1z placed on the bottom rung of the ladder in order to enable it to stay in
equilibrium in the position described above. Assuming that the brick 13 at the very
bottotn of the ladder and does not touch the ground,

b show that the horizontal frictional force exerted on the ladder by the ground 1=
independent of the mass of the brick.

¢ Find, in terms of M, the smallest mass of the briclk which will enable the ladder to
remain in equilibrinm.

The ladder, without the brick, 1z now extended so that the top of the ladder 1z higher
than the top of'the wall.

d Draw a diagram showing the forces acting on the ladder in this sttuation

Solution:
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Assume equilibrium:

M(B) Rx3 Mgx15+Fx4
i) R Mg
c4F = 3Mg—15Mg

7 gMg= 0.375Mg

but L=073
- mazimum possible friction force

=0.3R=03Mz

- Equilibrium 12 not possible.

J 4 m

K
£ Im
T

mg

My 4T = 15Mg
E{— T = F
1.5 3
A = TMg=§Mg

- independent of mass of brick.
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a
c R(T) R=Mg+mg
For equilibrium

F

3
g e
03750
00750

[

LR
0.3 Mg +mig)
0.3M 40 3m

0. 3
007508

A

[ 1A,

[+

=0.25M

The smallest mass of the brick 1s lM )

3

S~ /

R 7

Y
Mg
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2 Review Exercise
Exercise A, Question 34

Question:

A - 1.2 m =

A trap door 13 propped open at 607 to the horizontal by a pole. The trap door 15
modelled az a uniform rod A8, of mass 10 kg and length 1.2 m, stnoothly hinged at 4.
The pole iz modelled as a light rod BT, smoothly hinged to AZ at £ The points A and
' are at the same horizontal level, AT =1.2m and the plane ABC iz vertical, as
shown in the diagram.

Find, to 3 significant figures,
a the thrust in BC,
h  the magnitude of the force acting on the rod A8 at 4.

Solution:
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B
.-f:‘ \‘.. \-\.
.’__.f x‘ I

1.2 m );’ .\x“.
Y Iy d \x\.\
T / B

",I' Y
|j,f‘~'-. 60° \

At (
X 1.2m
v

10 g

M(A) Tx1.2cos30°

i =
1.2c0s30°
T = 2B2%_.
i = 83N |

b R F+Tcos30°
¥
¥

10g

73,50

Trozf0°
14.145

REy ¥

Wlagnitude of resultant

J(73.50° +14.145%)
74.84
748N

© Pearson Education Ltd 2C

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

10gx0.6cos60” o 1 AART is equilateral
10%9.8x0.6cos60°

Eeep arecord of Tto
at least 4 significant
figures for use later.

10x9.8— 28.2%c0s30°
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2 Review Exercise
Exercise A, Question 35

Question:
- im >
«—(}1.5 m-»
A B
D
307
C

A uniform pole A5, of mass 30 kg and length 3 m, 15 smoothly hinged to a vertical
wall at one end A. The pole 15 held in equilibrium in a horizontal position by a light
rod 0 Cne end C of the rod 15 fixed to the wall vertically below 4. The other end D
1z freely jointed to the pole so that ZACD =30 and AD=025m, as shown in the
diagram. Find

a the thrust in the rod OO0,

b the magnitude of the force exerted by the wall on the pole at A

The rod C'2 15 removed and replaced by a longer light rod CAf, where M 1z the
midpoint of A8 The rod is freely jointed to the pole at M The pole A5 remains in
equilibrium in a horizontal position.

¢ chow that the force exerted by the wall on the pole at A now acts horizontally.

Solution:
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" Al 05m 1 m 1.5m
X - . ' =
/D

30 ¢

a M)

B

Tx0ocos30" = 30gxl5 =

T - A0x 9 Bx1.5
0.5 cos =0

T = 1018

T = 1020H

b E(T) F4Tcos30" = 30g
Y = 30g—Tcos30"

Y = =55lé
E{— & = Tcozbl’
= 5092

Magnitude of resultant

1j(ﬁog.f +(=587.6))

= THL=TIEN
C
R
.‘-'"".H 11.;
AE /- B
T // A
//

// \

c £ g

Consider the moments of the forces about AL

Moementof T = 0
Woment of 30g = 0

Take moments about 4 to
get an equation with T as
the only unknows,

=o, for equilibrium, the moment of & must be zero,
Hence R must pass through M and so 12 horizontal

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 36

Question:

A uniform ladder rests with its lower end on a rough horizontal path and its upper end
against a stnooth vertical wall. The ladder rests in a vertical plane perpendicular to the
wall. & woman stands on the top of this ladder, and the ladder 15 in limiting
equilibrium. The weight of the woman iz twice the weight of the ladder, and the

coefficient of fiiction between the path and the ladder i=

% By modelling the ladder

as auniform rod and the woman as a particle, find, to the nearest degree, the angle
between the ladder and the horizontal

Solution:
;'!:k - 5
\\\\ _5
wy N B=13
Y AR
e -
J
"IN
-} N
F B
Y
W
R() B = 2W+W=3
e e :
Fo= ,u.R—EXBW -~
F = 32w
4
MIiA)
Wwlcogf+Fx2iantd = EBEwlicosfd 4——
Wn:osﬂ-i—%WxEsinE = W x2cosd
WAIWtang = OF <
Jtnf = 5 fan
tm® = 2
A 634 .
8 = éF(nearect degree)
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Ladder 15 uniform, so let its

length be 27

Friction iz limiting.

&1z not known and not needed.

Divide by cos@ and use

sin &

d= _
cosd
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2 Review Exercise
Exercise A, Question 37

Question:

A uniformrod A8, of length 22 and weight W, 1z hinged to a vertical post at A and 1z

supported 1n a horizontal position by a string attached to & and to a point & vertically
above A, where ~ABCT =8,

A load of weight 20 15 hung from &

Find the tension in the string and the horizontal and vertical resolved parts of the
force exerted by the hinge on the rod.

=howr that, if the reaction of the hinge at A is at right angles to 5C, then

AT =2aa5

Solution:
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C
e B
Vi T
4 Y a a B
T T
W 2w
Midy Tw2asind = Wxad2Wx2a
cTsin @ = Wand & were both given in the
T _ oW / gquestion and are therefore acceptable
Dein O in the answer.
By ¥4+7and = W42W
vy = -2
W
=3
Ei— X = Trcosd
A = —— ¥ oz f
2ein
¥ - SW
2tan &
Ck
~.D
HJ‘/ et e T'
zf ‘H,‘
/ 8™~
A a l a B
A
W 2W
When & iz perpendicular to BC
LCAD =8,
V= E
£ 2 ‘ //)
4
J :’?//
.// - ., . 51-1'
~ 2tan @
S
s — 2tang — 0 ;
tanf = VW g TTzing the components of
I Rto find ACAD.
tan’@ = 5
tand = \E
AT = 2atand ——Using AACE.
A = 2avp
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2 Review Exercise
Exercise A, Question 38

Question:

607

A uniform rod AF of mass me rests in equilibrium with 4 in contact with a rough
vertical wall. The coefficient of friction between the rod and the wall 1z 1. A light

string 15 attached to B and to a point O of the wall, where O 15 vertically above 4. The

plane ABC iz perpendicular to the wall, 5C = 84 and ZACE =607, as shown in the
diagram.

a =how that the tension in the string iz %mg.

b Show that p= 3.

Solution:
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mg

a M4 Tx2antl = mgxiantl®
27 = mg

1
T = gmg

b E F+4Tcostd® = mg

AARC 18 equilateral

final answer.

TTze the exact wvalue for an exact

Equilibrium condition

o= mg—%mgcosﬁﬂ"
F = mg—%mgx%
7= %mg

R{(—=) R = Trcoes30
R = %mgx% o
R = mgg

F = puR 4

smg < Mgg
il %
TN
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2 Review Exercise
Exercise A, Question 39

Question:

A smooth horizontal rail 1s fixed at a height of 3 m above a horizontal playground
whose surface 15 rough. A straight uniform pole AS, of mass 20 kg and length & m, 15
placed to rest at a point & on the rail with the end A on the playground. The wertical
plane containing the pole 15 at right angles to the rail. The distance AC 15 5 m and the
pole rests in limiting equilibrium as shown in the diagram. Calculate

a the magnitude of the force exerted by the rail on the pole, giving your answer to
the nearest I,

b the coefficient of friction between the pole and the playground, giving your
anzwer to 2 decimal places,

¢ the magnitude of the force exerted by the playground on the pole giving your
answer to the nearest M.

Solution:

file://IC:\Users\Buba\Downloads\All Edexce-Level Math Booksssssss\Mechanics ... 3/5/201:



Heinemann Solutionbank: Mechanics 2

20g

a M4 ¥ 20gx 3cosd
55 = zogx3x§
55 = 43¢
4B« 8.8

5
5= 9408

g = %N

& o=

h E(— F sand
F o= 94.08x§
F

E E+Scosf
B
B

20g
20x 9 8—-94 08x
120.74

AACD isa(3,4,5) A,

56448 —————— 1 FKeep extra figures for intermediate

answers (or use the memory function
of your calculator),

4
5

Fo= uR =

Friction iz limiting.

F 56443

R 12074
4= 0467

po= 047(2dp)

¢ Mlagnitude of force

- 1j[12r::u.?4f* +56.448*)

= 1332
= 132 M inearest I
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2 Review Exercise
Exercise A, Question 40

Question:

A pole of mass s and length 22 15 used to display a light banner. The pole 13
modelled as a uniform rod AS, freely hinged to a vertical wall at the point A, It 1z held
i a horizontal position by a light wire. One end of the wire 12 attached to the end & of
the rod and the other end iz attached to the wall at a point O which 1z vertically

above A such that ~ABC 13 8, where tan 9= % , az show in the diagram.

» 2a "

a Show that the tension in the wire is

Zeind

b Find, in terms of s and g, the magnitude of the force exerted by the wall on the
rod at A

¢ =tate, briefly, where in your calculation you have used the modelling assumption
that the pole 1z arod.

Solution:
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C
tanﬁ'=l2
Yi st
\ TR a ) B
X
)
mg
a M{A) TxZasinf = mgxa «—— |Take moments about 4 for an
g equation with 7 as the only unknown
= 5 sin B fuantity.
b EM F4T:unf = mg
¥ o= mg——25 sing
2sin
_ 1
r = > g
Ei—) X = Trcoszd
A = P?.zg R — cind
2aind tan 8 =
cosd
48 4= 2mg9=mg
tan
t\ 1
. tan ! ==
Magnitude of resultant 4
1
= Gy +cmer]

g

\/&T}ng=mg7

¢ Inthe moments equation.
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