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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 1

Question:

Whenever a numerical value of g is required, take g=98m s

A stone was thrown with velocity 20 m s at an angle of elevation of 30° from the

top of a wertical cliff. The stone mowved freely under gravity and reached the sea 5 s
after it was thrown Find

the wertical height above the sea from which the stone was thrown,

the horizontal distance covered by the stone from the instant when 1t was thrown
until it reached the sea,

¢ the magnitude and direction of the welocity of the stone when it reached the zea

Solution:
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Ei—=) 20c0s30" =1043 4— | The first step in meost projectile

R, 20 sir 30° =10 questilons 1z to ;’esglve the.
velocity of projection horizontally
and wvertically.

a
R() s = uttsaf
= 10%5—4 9% 5 The vertical motion 1s m.-::-tmn
under constant acceleration of
= —725 magnitude 9.8m s~
The wertical height abowe the sea from
which the stone was thrown 18 72 m (2 2.£).
h
E{—) distance = speedxtime
_ G The horizontal motion 15 motion
B ]D'\Ex 2 with constant speed. In this
= 5Uﬁ=86.602... gquestion, the hotrizontal
component of the velocity iz
The horizontal distance covered by the stone 103 m 57 throughout. It never
13 87 m (2 s.f). changes.
c
B v = wid4las
vi = 10%—2x9.8x(—72.5)
= 1521
v, = 41521 =—-39 < Thg stone 18 moving downwards
as it reaches the zea, so the
Az the stone reaches the sea JEgalve sanate IGORARII
the appropriate root.
-._\ - & |
\ ) /" ]
'I'\\x Y39
= u: +vi | Velocity is a vector quantity.
_ (10‘,5)2 43972 =1821 F.indir.lg the magnitud.es and .
directions of vectors is found in
o= Jfl821=42673.. Chapter & of the M1 book.
fnf = o = 86605
1043
The magnitude of the velocity of the stone as it <— Asthe numerical value g =9.8

reaches the sea iz 43m 570 (2 5.£3, and the direction has been used, you should give

1z B6° | (nearest degree), below the horizontal. your answers to 2 significant
figures. Answers cannot be more
accurate than the data used to
calculate them.
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 2

Question:

A darts player throws darts at a dart board which hangs vertically. The motion of a
dart 1z modelled as that of a particle moving freely under gravity. The darts move ina
vertical plane which is perpendicular to the plane of the dart board & dart i3 thrown

horizontally with speed 12.6m s It hits the board at a point which iz 10 cm below
the level from which it was thrown.

a Find the horizontal distance from the point where the dart was thrown to the dart
board.

The darts player moves his position. He now throws a dart from a point which iz ata
horizontal distance of 2.5 m from the dart board He throws the dart at an angle of

elevation o tothe horizontal where tan = % . The dart hits the board at a point
which 1z at the same level as the point from which it was thrown.

b Find the speed with which the dart was thrown

Solution:
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a The initial components of the velocity are

_ Az the dart 15 thrown horizontally,
R 12.6./’/,/’/’/'/4 the wertical component of the
By w, =0

initial velocity 15 zero.

R() s = ut+af
01 = 0+497
2 _ 01 _ 1 1
EO i Tm
E{—) distance = speedxtime
— 1_
= 12.6><?—1.8

The horizontal distance from the point
where the dart was thrown to the dart board

12 1.8m
7 . 7 24 | As P +24* =25 using
h tan{x=—::~s1nzx=g,cosa=ﬁ
%5 _—|
o F
j__.--“"' IV
24
Let [Fm s~ be the speed of projection. you can write down sin¢ and
COS X,

Bi—=) uw, = Un:osa—%

. T

Ry wy, = Usma:f

E{—) distance = speedxtime

24U 625
23 = Txi;‘-r—m(])
R(Ds = ut+sal’
0 = Dxi—d9xd

Az 0, dividing by £

Tou usually work in metres,
kilograms and secondsz. Here, as

the units of g are m 37, you need
to convert 10 cm to 0.1 m before

using the standard formula

5 =uf +%a£2 to find £,

The zeparate equations for the
distances travelled horizontally
and wertically give simultanecus
equations in LN and £ from which
both can be found. In this
gquestion, you are not asked for £
bt it is quite common to be
asked for £ and vou could
substitute your answer for I into
(1 to find it.

_ T
n = Vil 4 Qg
0 625
t = ggp = 7 from (D
7R = 62 9% 25X4'9=45.572...
T 24
o= &a750_ .

The speed with which the dart was thrown is
6.8m s (2 af)

© Pearson Education Ltd 2C
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 3

Question:

A particle is projected with velocity (81+10j) m s, where i and j are unit vectors

horizontally and vertically respectively, from a point O at the top of a cliff and moves
freely under grawvity.

=iz seconds after projection, the particle strikes the sea at the point 5 Calculate

a the horizontal distance between & and 5,

b the vertical distance between O and 5

Attime T seconds after projection, the particle is moving with velocity
(8i—14.5))m s

¢ Find the value of Tand the position vector, relative to &, of the particle at this

instant.

Solution:
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The nitial components of the velocity are

Ei—) », = & + When the velocity of projection i3
R =, = 10 given as a vector in terms of i gnd
j, the uzual first step of resolution
2 _ _ iz zimpler. The horizontal
R(=) distance = speedxtime component 18 8 and the vertical
= Bx6=48 10.
The horizontal distance between & and 51z 48 m.
b

E = uﬁ—i—%azg

= 10x6—4.9x6*=—116.4
The wertical distance between O and 51z 120 m (2 2.£).

EMT v = wdat
—145 = 1n—9ar ¥ Considering the j components of
245 M5 S 1 the velocity, v=—-14.5 and =10
T = ﬁzﬁzjzzj Tsing v=u+af with @ =—9 8
then gives you the time.
E(—) distance = speedtime
“-‘_‘_-_\_'_'_‘—-—-‘_,_ - 8
= BX% =20 The i component of the velocity
remains & throughout the motion
20 15 the i component of the
RN s = ut —l—%a.ﬁz position vector.

]
10x§—4.9x@) =-2 | L= 55 isthe]

component of the position
veCtor.

The pozition vector of the particle after 2%

seconds iz (ZDi— %]] m.

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

Review Exercise
Exercise A, Question 4

Question:

nm s—|

4 m

3 m

A ball 15 thrown from a point 4 m above horizontal ground The ball 15 projected at an

angle o abowe the horizontal, where tan o= % The ball hits the ground at a point
which i1z a horizontal distance 8 m from its point of projection, as shown in the figure

above. The initial speed of the ball is z m ™ and the time of flight is Tseconds.

a Prove that «T =10,
b Find the value of u.

Az the ball hits the ground, its direction of motion makes an angle ¢ with the
horizontal.

¢ Find tan ¢

Solution:
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4

3 : 3 "
tan g =—=ssin=—,cos=— . -~
4 5 < P )
4 v
R{—) u, = wucose=—u .-#// [
5 4
. 3 This diagram shows that if
R(T) H, = uSNH=_u §r 5 4
5 tah =2 sin =2 and cosex=_.
q 5 5
a
E{—) distance = speedxtime
-‘—-____A___-_ A
o @ ilu T The horizontal component of the
3 wvelocity remains unchanged
ul = Sx% =10, throughout the question.
as required
The separate equations for the
distances travelled horizontally and
vertically give simultanecus
equations in & and T
b

I o
i+ = @t
+2

b
=
o

L7}

3

Il

3 s The kall descends 4 m before
= = EHT_A"QT hitting the ground. So, if the
gy %x 10—4 972 upwards direction is taken as

positive, s =—4.
497° = 6+4=10

2 10 100 10
e
Frompart a
wul = 10

uxl?—o = W0=u=7

¢ Atthe point where the ball hits the ground

EfTy v = u-tat 4+— The vertical component of the

v = Tsma=TxG=Ru=Ram—08 | e, bu you
= Boopcldooss i e
B, = 7Eosa=?><%1=5.6 v=u+tat 1z usually the

As the ball hits the ground sunplesblotmulato toe

5.6

"/\ YooK
\

tan(p=%=l.?5p

© Pearson Education Ltd 2C

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



Heinemann Solutionbank: Mechanics 2 Page3 of 3

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

Review Exercise
Exercise A, Question 5

Question:

A wertical cliff 15 73.5 m high. Two stones A and B are projected simultaneously.

Stone 4 is projected horizontally from the top of a cliff with speed 28 m s, Stone B

is projected from the bottom of the cliff with speed 35m 57! at an angle o above the

herizontal. The stones move freely under gravity in the same vertical plane and
collide in mid-air.

a Byconsidering the horizontal motion of each stone, prove that coser= %1 :

b Find the time which elapses between the instant when the stones are projected and
the instant when they collide.

Solution:
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4 :
COSQE=— =8N =—

s =35xIxt—498 =21t—497
Yatya=T735

AHE 42— ATE =T35 ]

_ 135 _
z—T—Bj

The time elapsed 12 3.5 5

© Pearson Education Ltd 2C

Tt helps vou to draw a sketch to
i / illustrate the data of the question
M ms! This shows that, for 4 and 2 to
] e e S R i collide, two conditions have to be
'““-x._x‘ . et Firatly, the horizontal distances
S . moved by A and B (here labelled x,
5 \' and xg) have to be equal. Secondly
T35 m
WS e the distance fallen by Aly,) and the
Bmsl 7 e distance moved upwards by By ;)
e tnust add up to the height of the cliff,
' | ¢ ' . | T35m
a Ford,
E{—) distance = speedxtime
X, = 2B
For B,
E(—) =, = 35coza
B u, = 3sna
Ei{—=) distance = spesdxtime . .
B For collision, the horizontal
g T Bﬁcoy distance fravelled by the stones
Xy = Xg must be the same.
28 = 3ocosaf
cosg = % = ; as required Az £+ 0 when the stones
collide, vou can divide both
b ForA, sides of the equation by £
R() s = wtsal’
y, = 0+49°
For B,
R(T) s = ut+gal’
¥y = 3sinax:—49° B s . 169
3 / sin“e=l-cos’ a=l-===

implies sina=% or you could

usea s, 4, 5 triangle to zee this,

The two distances moved
vertically must add up to the
height of the cliff
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 6

Question:

11 ms-1

2 m

- 10 m L

The chiect of a game iz to throw aball B from a point A to hit a target 7 which is
placed at the top of a vertical pole, az shown in the figure above. The point 4 i 1m
abowe horizontal ground and the height of the pole 18 2 m. The pole 15 a horizontal
distance of 10 m from 4.

The ball B is projected from A with speed 11m 57 at an angle of elevation of 307
The kall hits the pole at C The ball B and the target T are modelled as particles.

a Calculate, to 2 decimal places, the time taken for B to move fom A to O

b Show that C iz approximately 063 m below T

The kall is thrown again from 4.

The speed of projection of B is increased to §"m s, the angle of elevation remaining
307, This time B hits T

¢ Calculate the walue of

d Explain why, in practice, arange of values of " would result in B hitting the

target.

Solution:
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R(—) u,
EM =,

a R{—) distance

lutionbank: Mechanics 2

11cos 307 = 5.5,3
= 11sin30° =55

= speedxtime
10 = 553xs
g s e 89 seponggo
NE

Ifthe question specifies a
particular accuracy, you must
give your answer to that
accuracy to gain full matks.

The time talen to mowe from A to Cis 1.05 seconds (2 dp.).

ué-l—%aﬁz
55%1.05—49%1.05 =0.374

The distance below T i3

(1-0374m=063m , as required.  #——

h
Ry s =
C
R(=) u, =
E u,

E{—) distance =

R(T)

S —_
1] =
] =

4.5 400
3

pro=

o=

d 5 and T are not particles but take up space;

Foos30°
= Fan30°
speed ¥ ime
10 = Fros30 xi
10 20
i = e s 1
cos30® W5 I::l
u.ﬁ-l—laf.z
2

The ball starts 1 m abowe the
ground and hits the pole
approzimately 037 m higher
than it started. That leaves
another 0,63 m to reach 2 m
abowe the ground

#+—— These two equations in ¥ and ¢

enable either to be found by
/ elimination. In this case £ has to
Vain 30" xe— 4.9 (2) ke eliminated.

Exl_ayg[ﬂ]z

N ]

10 yog7m3

N

RO e
3%4.773...

11699 =12 (2:£),

they have extension Thiz would allow a
range of wvalues of ¥ resulting in hitting the

target.

© Pearson Education Ltd
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From (1), £ = % and this is

substituted into (23

For example, the target
talees up space and can ke
hit at its top, its bottom or
anywhere in between.
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 7

Question:

A particle P, projected from a point & on horizontal ground, moves freely under
gravity and hits the ground again at A

Taking & as origin, <A az the x-axis and the upward vertical at O as the y-axis, the
equation of the path of F 15

2
X

500

where x and y are measured in metres.

M

a By finding % show that P was projected from O at an angle of 45° to the

horizontal,
b Find the distance 04 and the greatest vertical height attained by F abowe O
¢ Find the speed of projection of P,

d Find, to the nearest second, the time taken by P to move from & to A

Solution:
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x2
a ¥y = X
¥ _ f—t
dx @0 4
dy
When x=02Z=
dx

The gradient of the direction of motion at &
1z 1 and the angle iz given by tand=1.

Hence 8=45", as required.

h Fisat A when yv=10

2
g & oy Ao
500 500

At A x#E0
1— 2 =0 = x=500
500
QA =3500m
s dy
The greatest height 15 reached when = =1
-2 =0=sx = 250
250
2554
y=250- = 125
500

The greatest height reached 13 125 m.

¢ Let the speed of projection be T m s,

Initially E(Thu, =0 sin 45" = Ll

2

Atthe greatest height

o
E u = — v=0g=120a=—9%%8
(1 X
v = u+2as
2
0 = %—2><9.8><]25
I = 4x9.8x125=4900= U/ =70
The speed of projection is 70 m s,
d Ei—=) u, = 705in45“=%
E{—) distance = speedxtime
00 = Eﬁzb-z=500‘j—
0 70

The time taken for P to mowe from O to A 13

© Pearson Education Ltd 2C
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— 1z the gradient of the
dx
/ path ofthe projectile and, at

z =10.101...

dy

any point of the path, this iz
the dwection of motion of
the particle.

4+—| The greatest height
cotresponds to the
mazximum point on the
curve and, as thisis a
stationary value, using the
knowledge you learnt in the
C2 module, thiz iz found by

o dy
tting —=10. The W2
putting - &

maodule requires knowledge
of the C1, C2 and C3
specifications,

*+— Atthe greatest height the
vertical component of the
velocity iz 0. The value of 5
1z the height found in h.

The horizontal component

of the velocity 15 &, =7

throughout the motion

10 = (nearest second).
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 8

Question:

49 m 5!

- 98 m >
A golfball is projected with speed 49 m 57! at an angle of elevation o from a point 4

on the first floor of a driving range. Point A 15 at a height of 3% m abowve horizontal

ground. The ball first strikes the ground at a point (' which is at a horizontal distance
of 98 m from the point 4, as shown in the figure above.

a Show that

6tan® @—30tan e +5=10.
b Hence find the two possible angles of elevation.
¢ Find the smallest possible time of direct flight from A to 2

Solution:
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a R{—) w, =
ET) =,

A9 cos

49sin ox

E{—) distance = speedxtime

98 = d9cosgxi=i{=
CosCk
At D
R() s = wttsal’
e A9sin axf — 4. 92
15

Diwviding by 4.9
— 5 =-2-10sinat -7

Multiplying by 3 and rearranging

3 —sinor—2=10

cubstituting £ =

12

Cos L8

—30sin ax

COE gk

/

These two equations are
simultanecus equations in
o and ¢, You have to
eliminate ¢ first and then use
trigonometric identities to
show that the printed
ANSWer 17 correct.

From A to &, the ball

descends a vertical distance
4 _ 4
of BE m =gt

Cos o

12secta—60tan @—2 =0

- 1
Tsing —— =seca and
cosc

sec’ a=1+tan’ o

12(tan’ @ +1)—60tan o —2 =0

12tan® @ — 60tan 10 =0
Dividing by 2

6tan® o— 30tan e +5=0, as required.

b tanex =

12

_ 30x,/(300—120) =4.827...,0.1726...

a /s 78.3° 979 o

To the nearest degree, the possible angles of
elevation are 10° and 78"

¢ The smallest possible time 13 given by

-2 o0 o

cos @79

The smallest possible time of direct flight
fromAte @1z 20s(2a1f]

© Pearson Education Ltd 2C
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TTzing the formula

—bt {zf‘ —-’-1(:-::]
x=—X%_ ! iosolve

da
the quadratic in tan o

i=

There are 2 possible angles. As

, the smaller walue of f comes
CO8

from the larger value of cos of, which
cotresponds to the smaller angle.

2

— =084
cos 723"
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 9

Question:

A particle P moves on the x-axis. Attime ¢ seconds, its acceleration is (5—26) m 57,

measured in the direction of x increasing, When =0, its velocity is 6 m s

measured in the direction of x tncreasing Find the time when P is instantaneously at
rest in the subsequent motion.

Solution:
a = 55—
v = fad.ﬁ=f(5—2.ﬁ)dz
= St—£4C

When t=0v=4§8 -+ The initial condition, that
when £ =0 the velocity iz

E=0—0+0 =("=§ 6 ms, enables you to find

Hence the walue of the constant of

V=649 — 0 mtegration.

When P s at rest . _
0 = 6+45—t e | When & 1z at rest, its

5 velocity is 0,
-6 = ({—6EF+L=0

£ = 6,—1
The question asks you for
i=0 / the value of ¢ subsequent to,
(=6 that 1z after, £=0. S0 yvou
Pz atrest at time & seconds. must pick the positive root
of the quadratic.

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

Review Exercise
Exercise A, Question 10

Question:

A particle F moves in a straight line in such a way that, at time ¢ seconds, its velocity,
vm s, is given by
12¢-3°, 02125
Ve 375
T
When i =0, Pis at the point O
Calculate the displacement of F from O

=0

a when £=3,

b when é=6.

Solution:
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a For0=f=5

_ _ a2

57 fv = fﬂzé W) d This constant of integration is
= 6014 0. Even when it seems

WHER Fee =0 obwious that a constant has

0=0— g =0 this vglue, Fou .should.sh-:.:uw

sufficient working to justify
o the wvalue 0.
Ence
s=6t—f
When =5

s=6x5 -5 =25

The displacement of F from & when £ =512 25 m

b Fori=5 _ £ I
/ To integrate gy write it as
2 j" di = j_ 375 o —375¢™ and use the formula

375¢7 375 J‘ e B
- e = +4.
= 1 +EB= . + 5 Sy
Froma, when : =5,5=25 = The end point in a iz the
starting point in b
25=?+B=§- B=25-"15==50
Hence
s=@—50
i
When =6

s=$—50=12.5

The displacement of P from & when £ =6 15 125 m

© Pearson Education Ltd 2C
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 11

Question:

A particle 15 mowving in a straight line Oz,

Attime ¢ seconds the acceleration of Fis @ m 5™ and the velocity vm s™ of P is
given by

v=2+8sin i,
where & 15 a constant.
The initial acceleration of Pis 4ms™.
a Find the value of k.
Tsing the value of & found in a,

b find, in terms of , the walues of # inthe interval 0 </ <4w for which a =10,

¢ showthat 46 =64 —(v—2%

Solution:

I Y

a v = 248:nk For any constant k&,

d .
a = %=8kcosh‘ E(smh‘)—kcosh_

I Y

When £=0,a=4 The initial condition, that
d=8k=k= % the acceleration is 4m s,

gives an equation in &
which vou solve.

h a= 8)(300533 =4cosl.ﬁ

2 2 2 In all differentiation and
integration of trigonometric
When @ =0 functions, it 15 assumed that
1 1 & 3¢ angles are measured in radians.
cos—i=0=—f=— — - :
o SR iy cos8=10 when 8 1z an odd

multiple of g .

Hence
F=T.3m
1 2
¢ 64—(w—2? = 64—[83in§z]

. 1 1
= 64—6dsn’ == 54[1—51112 53]*'— Tsing the identity
* sn®f4cosf =1

i Al 17
= &dcos 55—4[400554‘,]

2 H
= da®, as required

© Pearson Education Ltd 2C
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 12

Question:

An atrcraft iz situated at rest at a point A on a runway X which is of length 1400 m.
Point 4 15 77 m from X The aireraft moves along the runway towards P with

acceleration (10 —%.ﬁ) m 52, where ¢ seconds i the time from the instant the aircraft
started to move.

a Find the speed of the aircraft when £ =46 and determine the distance travelled in
the first 6 seconds of the aircraft's motion,

£ iz the point such that A8 = % AY.
b Find the distance A2,

A safety regulation requires that the aircraft passes point B with a speed of 55m 57

of mote.
¢ Given that £ =T when the aircraft passes 5, form an equation for T

d  Show that T =105 satizfies the equation, and hence determine whether or not the
aircraft satisfies this safety regulation as it passes 8

Solution:
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-+ | 400} m -

4 A4 sketch iz useful to help vou

1 2 o Y sort out the various distances in
77m 3969m | this question
4
§ up fadz=f(10—§.ﬁ)dz
= 10¢ —%r? =B

TWhen f=0v=10
D=04+0+0=C=10

Hence

2
e e e
~ (I

When £=6 This 15 an exact answer and as
v=10><6—%>< 64=456 / g, of any similar approzimation,
has not been used, the answer

4 . E -1 ]
The speed of the aircraft when ¢ =6 12 456 m s chould not be rounded.

s=fvd.ﬁ=f(10.ﬁ—%.ﬁg)d.ﬁ

e 3
=5 - £ 4D

In principle, the displacement could be

Tl snrps e measured from any point but it 15

sensible to measure the displacement

i DG s =) from the starting point, which 1z A
Hence

s=5-2F (2

When t=#6

s=5x62—%x63=151_2

The distance trawvelled in the first 6 s of motion 1z 151.2 m.
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b A7 =(1400— 77 m=1323m
AB =%AY =396.9m

¢ Substituting £=3%.9 and =T into (2)

_epl_ 2w Thiz cubic equation weould be very
396.9 =357 ET / difficult to solve directly and the
27 _aT? 4 3059=0 gquestion enly asks you to show that

15 105 satisfies the equation. To do that,
o _ you substitute 7 =105 into the left
d Substtuting =105 mte the left hand side of the equation and show that
hand side of the answer in ¢ the calculation gives the value 0.
2x10.5 —5x10.5* +396.9

154 35 -551.254-3536.9

= 551.25—-551.25=0
T =105 zatizfies the equation in ¢, as required.

substituting T =105 into equation (1) in a

v=]lIII>-<1Cl.5—%>-<1[§l.52 =609= 55

The aircraft satizfies the safety condition

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 13

Question:

A particle P mowes along the x-amis. Tt passes through the origin & at titne £ =10 with
speed 7m s inthe direction of x increasing.

Attime £ zeconds the acceleration of P in the direction of x increasing is

(20— 6m s,

a Show that the velocity vm 57 of P at time £ seconds is given by
v=T7420f -3

b Show that w=0 when ¢ =7 and find the greatest speed of F in the interval
D=e=T7.

¢ Find the distance travelled by P in the interval 0=z=7

Solution:
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v o= fadz=f(20—6z}dz
= 20:—3% +4

When t=0v=7
T=0-0+4d=A4=7

Hence
v=T420¢ — %, as required.

v o= 7420x7-3x7
= 74140-147 =0, as required

For the greatest speed of P

d_v = gq=20—6&=0
R i

b s

1-.'-‘\Thnan.f=%

3 10 o (10F _ 4l
v=T+20x7 3><[§]2—40§

The greatest speed of F in the interval
0<t<Tisd0zms™"

c 5 = fvd:=f(?+2oz—3zﬂjd:
o e e
When i =0,s=10
0=0+0-F=5=0

Hence
s=Tt+10:2 43

When i =7
s=TxT+10x T =7 =196

A sketch of v against 2 is

¥, =

Thiz illustrate s that the greatest value of
the speed occurs at a maximum point.

Finding the distance travelled 1z not
straightforward if the particle turns
round. This happens when v=10.
However the sketch in b shows that P
does not turn round until £ =7, o the
distance travelled in this interval is
found by substituting £ =7 into the
equation for

The distance travelled by P in the interval 0=¢=7 12 196 m.

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 14

Question:

A particle F moves along a straight line. Initially, P 15 at rest at a point & on the line.
At time ¢ seconds (where ¢ 2 0) the acceleration of P is proportional to (7 —£%) and

the displacement of 2 from O is & metres. When £ =3, the speed of Pis 6ms™.

a Show that
I 5 T
§= gl 42—
b Find the total distance that F mowes before returning to O

Solution:
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a = k(1—)=Tk—k
fa¢=fﬁk—h%¢+—
= T-Li+a
“When

t = 0,v=0
0 = 0-04+4=4=0

-

If gee (T"—.ﬁg) then @ = k(? —ig) , where
k 1z the constant of proportionality. You
will need to use the information that the
speed of Pis 6m s~ when :=3 to
evaluate k.

Hence

v=Th—%¢

When t=3v==6
6 = mbﬂk#4%=6$k=%
% iy Les
v o= St—zt (1)
1.z
fv“ f( #)*‘___
4

iy r. + 3

_ 7
I
When £=0,=10

0 = 0-048=8=0

Y - R S R N N

= 21—452(42—;‘,2}, as required

Substituting w=10 into (1)

_ T, 13_21, 13 se—
0 = gt—gt'=St—zt
o 3
= Er.(21 .t)
Foré=0
jaLn) .

Touwill need to integrate twice to
obtain & from a.

To find the total distance F moves, you
will need to find the point where P
reverses direction. That is where v=10

Substituting £ =21 into the result of a

_1 LB O o
ax2lx@e—2l =2 =20

The total distance F moves before returning
441 -]

zxﬂ

to s
24

HE e

© Pearson Education Ltd 2C

i= wJ{ﬁ but it is the value of £ Fou
need to substitute into the expression for
& TTzing a decimal approximation for
would lose accuracy.

Fmovesto apoint ﬂ m from & and

then returns to & So the total distance
moved 15 twice this distance.
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Review Exercise
Exercise A, Question 15

Question:
A particle P of mass 0.3 kg moves under the action of a single force F newtons, At
time £ seconds, the velocity vm s of P is given by
v =31+ (6t - D)j.
a Find the magnitude of F when ¢ =2

When i =0, Pis at the point A, The position vector of A with respectto a fized origin
iz (3J— 430 m . When i =4, F 1z at the point 5.

b Find the position vector of 5.

Solution:

bAeceleration, a = S=fi—4j
F - ;:N

Tou find F using Newton's Second

= 0.3(54 +€3) Law F =sa, so voubegin this
= 1844185 gquestion by differentiating the
wvelocity to find the acceleration,
When =2
B = il < The magnitude of the vector F, often
|F|2 = 1684187 =162 written as F, where F=xi+j, 1z
|F| = f163=4.0249... givenby F'=|F[=x"+y"

The magnitude of Fwhen £ =2 154.02 (2 dp.).

..,
Il

fvd.c=f[3§i+(sz—4)j)d.c

i3 —40j+A +— When you integrate vectors the
constant of integration is a vector.

When i=0r=31-4j
A-d=0i+0j+A=A=3-4

Hence
r={+3)i+(%* - 42 - 4)j

When =4
r=(4+3)i+(3x4 - 4x4-4)j =671+ 2
The position vector of B iz (67i+ 28] m .

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 16

Question:

Eeterred to a fized origin &, the position vector of a particle P at time £ seconds 15
I metres, where

5
r=6t4+:%,62 0.

Atthe instant when £ =4, find
a the speed of P,

b the acceleration of P, giving your answer as a vector.

Solution:

K]
v=r =126+

3 1
When ¢ =4 — | 47 =47V =2° =38
K
v o= 48i+2x47) = 48i +20]
v = 48 +20°=2704
|v| = /2704 =52

The speed of P when £=4 is 52m s,

_______________._.—-—-———" You need to know that a=v=r .
P

1 1
e X 5.3 ,3: — 1 15 3.
h a=vw 121+§><§z] 121—1-?3]

When £=4
1
a=12i +2x4%j =121+

The acceleration of P when =4 is (lZi-I—%j)m 5 R

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 17

Question:

A particle P moves in a horizontal plane. At time £ seconds, the position vector of P is
r metres relative to a fized origin O where r iz given by

r = (18t — 43+,
where ¢ is a positive constant. When £=1.5, the speed of Pis 15m s, Find

a the value of ¢,

b the acceleration of P when £=1.5.

Solution:

v=r =({18-12¢9i + 24
“When £=1.5
v [18—12x1.5%)i+ 3G =—%i+34

|v[? 9%+ (%)’ =15 «—— The speed of P iz the magnitude of
gpd s spgtrgdegaaendl T g the velocity v. | v [ is both

9 srpyd 2
RS sy { 9} —.l-(3r:} and the sp.eed.squared.
This gives ¥ou an equation in o
h
=v=-24f+ 2]
2 ) v 1T Arcceleration 1z a vector and the
TTaing e =4 and £=1.5 - -
. answer should be given in vector
a=-364+5j £
DT,
The acceleration of F when £=1.5 1z

(—36i+ 51 m s

© 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

Review Exercise
Exercise A, Question 18

Question:

A particle P of mass 0.4 kg mowes under the action of a single force F newtons. At
time ¢ seconds, the velocity of P, vm s is given by

v = (66 + D1+ (2 + 3265

When ¢ =0, Fis at the point with position vector (—3 +47) m with respect to a fixed
origin &, When =4, Fiz at the point 5

a Calculate the magnitude of F when t =4,
b Calculate the distance OF

Solution:
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Acceleration, a=v=+{2i+3)) +——

When i =4 by differentiating the velocity to find
a = 61417 the acceleration.
F = wmnm
i - 0'4561 +1 1‘]) =24it+44] o accuracy is specified in this
| F | 2tz el 20 R question and any sensible accuracy is
|F| e fos 12 =5011. an:n:eptable.

Tou find F using MNewton's Second
Law F =ma, 20 youbegin this part

The magnitude of Fi2 501 (2 dp.).

-
I

_I|".vd.f = _."..' (66 i+ (2 430 de

(36 +de )i+ |12+ i +A

When you integrate vectors the
constant of integration is a vector,

When i=0r=-31+4

“3it+4j=

Hence

0+ 0j+A = A= —3i+4j

r =% +4:—3;.i+.1§:,3 +%;2+4.j

When £ =4

r =

-
I

i
£
Il

.3><4f*+4><4—3]i+|;_><43+%x42+4.j
61i+491

p 1 2_ 7 o
61 +(49| =6154, ={r|=78.452...
7845m (2dp)

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 19

Question:

Two particles F and () move in a plane so that at time £ seconds, where £ =0, F and O
have position vectors rp metres and r, metres respectively, relative to a fized origin

O where

(3% + i + (2t — 135,

Iy gl

5 Bt

Te
Find
a the velocity wvectors of F and O at time 2 seconds,
b the speed of P when £ =2,

¢ the value of £ at the instant when the patrticles are mowving parallel to one another,

d Zhow that the particles collide and find the posttion vector of their point of
collision.

Solution:
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a
vy, = rp=6i+2)
Vv, = Iy =it
* %((r+ﬁ)i)=1i=i
The welocity of P at time £ seconds is (66 +2)) m 5™ and
the velocity of (0 is (i+3im s™.
b When :=2
v, = ldi-+Zj
|1.rP|2 = 122+22=]48=}-V},=\|‘148=12.165...

The speed of Pwhen ¢=2 is 12.2m s (3 5.£).

¢ When F is moving parallel to
| When the particles are moving parallel to

9 3 gach other, the angle each malkes with i1z
6 = Télgfz:z#‘ﬁz:% the same.
Fmgy = L If an=J';'i-l—;;{i,1:an€=E tnust be the satme
& 3 x

for both velocities.

d icomponents
3 +4 =
3 —t—2

For the particles to collide, both the 1 and
j components of their posttion vectors
tnust be the same for the same value of £
The appropriate method is to equate the
i components i components and solve the resulting

| 2 .quadratic, and then do the same for the
Y =" j components. If one of the roots of the

2 2 euadratics 15 the same, then the particles
collide,

i

Multiplying by 2 and rearranging

3= +1=G-1(E-1)=0
1

£=1,2
£3

11z a common root of the equations and,
hence, P and (¢ collide at the point with

£=1 can be substituted inte either r,

position vector ?i+§j tmn s
7 ' or Iy to find the position vector of

the point where the particles collide.

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 20

Question:

Eeferred to a fized origin &, the patrticle & has position vector r metres at time
£ seconds, where

r = {&sin @i+ 4 cos @)
and & iz a positive constant,

a Find r and hence show that

v = 2w 13+ 5cos 2a¢),

where vm 57 is the speed of R at time ¢ seconds.
b  Deduce that
dom=v=éw.

¢ Findr.

. i ) N
d Atthe instant when £ = PP find the angle between r and r, giving your answer
re

in degrees to one decimal place.

Solution:
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a
¥ = r={fwcoswi)i— (4w sin wi)]j
vio= | v[=36w cos® we + 160" sin® we
afl 1 2fl 1
= 3bw (j-l-jcos 2w£)+16w (j—jcos 2wr) *+— Tsing the double angle
= IR e Eet o 2802 Bl S Dug formulae cos 26 = 2cos*f—1
= SEod ElonhsE T and cos28=1—2sin"§.
= 2 {134 Scos 2wi), as required
b As —1=cosZoi =] “' EBoth the coz x and sin x hawe
26°(13-5) £ 20’ (13+5c0s2e¢) 20 (13+5) | the range —1<x<1. In this
1600 = v < 26 me case the limits of cos 2o
bev =0 limit the possible values of v
dexSv S 6o, as required and, hence, of v,
c
o= 2 ((6weos wh)i— (dwsin wi)j)
= —6w sin wh — 4w’ cos wh
d When =
]
= i ml: L - T -
5 [ﬁwms?]l [4“111?]] 3oi— 23] 7 Using cos%=% and
A _ i I - T - a T o= —. i e : i
r = —bw sin =1 dicr cos =] 35;"_3'.01 2] sin;—r=§.
v i
3 Viw? . ..-” 3w % | A diagram is essential here. Once
P \‘/-'IH A the diagram has been drawn, the
2’ = roblem reduces to basic
g — T ¥ P
" P 233@ | trigonometry. You find the angles
uzing the inverse tangent button on
vour calculator. The final angle
could be given in degrees or radians
{1.92%
gy = (238 g ugioe.s
] 3

1

o 2 e a

taty b

The angle between r and r iz

(180-49.106.. — 21501 =109.8 (1 dp.).

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 21

Question:

Three particles of mass 3x2, 5w and A are placed at the points with coordinates
(4., (0,-3) and (4, 2) respectively.

The centre of mass of the three particles 1z at (2, k).
a Showthat A =2
b Calculate the value of k.

Solution:

The total mass i3

The moment of the total mass about
3+ Sm4 A= (84X any axis equals the sum of the
a MOy moments of the individual masses
about that axis. The distance of a
(B4 Arax 2= Imexcd -+ S x 04 Awax 4 PEICIE RO EIED R sisits
x-coordinate.
16+2A=12442=4=2A

b

Divide throughout by s, simplify
and remove the bracket.

b W(Ox)
(B4 Ak = B O+ S =34 A 2

W0k=—154+4=10k==11 F7—u_

Diwvide by me and simplify using
k=—11 P

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 22

Question:

Particles of mass 2Af, 20 and v are placed at points whose coordinates are (2, 5,
{1, 3y and (3, 1) respectively. Given that the centre of mass of the three particles 15 at

the point (2, 4, find the values of x and .

Solution:

The total mass 13

M4 aM +yM =02+ x+y1M

M)
24z M < 2=20M =24 20 214wl =3

d42x+2y=4+x+3y
x—y=0 (D

M(Ox)

(2+x+yiM xd=2Mx5+xM x3+yM =1
d+dx+4y=10+3x+»

The moment of the total mass
about any axis equals the sum
of the moments of the
individual masses about that
axiz. The distance of a patticle
from the y-asis s its
x-coordinate.

Divide by M, simplify and
collect together like termes to
give the first of two
simultaneous equations.

x+3p=2 2) -
(2)—(1
4_}3:2:}_)?:12
From (1)

s ]
E=ghse

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 23

Question:

Three particles of mass 0.1 kg, 0.2 kg and 0.3 kg are placed at the points with position
vectors (2—Jim, 21+ 350 m and (M +2))m respectively. Find the position wector of

the centre of mass of the particles.

Solution:

0.3 kg

Thiz diagratmn illustrates the
positions of the particles with
respect to Cartesian axes. Tou take
moments about the v-axiz and the
x-ams to find the x- and
y-coordinates, respectively, of the
centre of mass of the system of
patticles.

ER |

Let the position vector of the centre of mass

ke (F+3)m . -+
The total mass is

(0.14+0.2+0 3)kg = 0.6 kg

T and ¥ are the standard

symbols For the coordinates of a
centre of mass,

D6x = 01x2402%2403x4=18 *—— The x-coordinates are the

M)
sy 18
= e =3
MO
06y =
o o TG
¥ o 2.5

distances of the points from the
Y-amis,

0.1x—=14+02x5+03x2=15%—— The y-coordinates are the

distances of the points from the
X-EH1E.

The position vector of the centre of mass iz (542570 m .

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 24

Question:

Three patticles of tmass 20, M and XM, where I is a constant, are placed at points
with position vectors 61 tm, 4 mand (21— 270 m respectively. The centre of mass of
the three particles has position vector (31 +c)) m , where ¢ 15 a constant.

a Show that F=13.

b  Hence find the value of ¢

Solution:

The total mass is
M+ MAEM =0CE+0M

a M)
BHEMx3=2Mx64+ M 040 =2
P R LY + The moment of the mass of a
patticle about an axiz is the mass
multiplied by the perpendicular
distance from the particle to the

k=173, as required

b IM(Ox) axiz. The particle of mass M has
position vector 4 m and so lies
(B3+OM xec=2M>x0+M x4 +iMx—2 ot Oyv. So its moment about Oy s
Taingk = 3 ZEr,
b = 4—6=-2 s
i Diwvide by M and use the result
& am i to a.

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

Question:

1 20 cm = BB
g A

X 10 cm

- 0 Cm—»

D C

The figure shows a metal plate that 15 made by removing a circle of centre O and
radiuz 3 cm from a uniform rectangular lamina A 80D, where A8 =20cm and

BT =10¢ctn . The point & iz 5 cm from both AR and C0 and i & cm from AD.

a Calculate, to 3 significant figures, the distance of the centre of mass of the plate
from Al

The plate 1s freely suspended from A and hangs in equilibrium.

b Calculate, to the nearest degree, the angle between A8 and the vertical

Solution:
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The area of the lamina iz 20% 10 =200 cm? .
The area of the circle is wx 3 = 9T cm?.

The area of the plate is (200—97) cm?® .

Let the distance of the centre of mass of the
plate from AZ be ¥ cm

AL the lamina 1s
Lamina Circle Flate / uniform, mEISSES Ciile
Mass ratios 200 97 20097 I;;;):;mona e
Distances 10 & I :

'\“""\_\\

By symmetry, the centre of mass of the
rectangular lamina 1z 10 cm from A5 and

MALN the centre of mass of the circle 12 & cm
from AL
200100 = Bmxe4(200-9mix X
= _ 2000-54w
i T oon—o9r =10.658... The moment of the total mazz (in this

case the rectangle) about AD equals
the sum of the moments of the circle
The distance of the centre of massz of the and the plate about A1)

plate from A8 12 107 cm (3 2.£).

b  Let the angle between A5 and the vertical be o

-, When the plate 15 suspended
— freely from A, itz centre of mass
F 15 vertically below the point of
D ( —_— ¥, suspension . The distance of &
/ \\ xcem from AD was found in a and the
\ ' / \ distance of &F from A8 is S em by

syminetry. You calculate o using

\\ \ \ trigonometry.

Vertical \ B

\
C
Y
e S, Y
tah e = ?‘10.653_._0'4691"'
a = 2513..°

The angle between A8 and the wertical 15 227 (nearest degree).

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 26

Question:

A triangular frame ABT 15 made by bending a piece of wire of length 24 cm, so that
A8, BC and AC are of lengths 6 cm, 8 cm and 10 cm respectively. Given that the wire
15 uniferm, find the distance of the centre of mass of the frame from

a AL,

b BC

The frame 15 suspended from the corner 4 and hangs in equilibrium.

¢ Find, to the nearest degree, the acute angle made by A5 with the downward

vertical

Solution:
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‘ ,,‘\\

10 ¢m

Hem ® \
v [ &
B C
-+ Al -

Let the centre of mass & of the frameworl:
be (X,7).

When there 1s no diagram, it is a
good idea to sketch one. You are
expected to recognise that a triangle
with sides in the ratio of 2. 4 5 has
aright angle.

Az the wire 15 uniform, each side has
a mass propottional to its length and
the centre of massz of each side 1z at
the middle of the side.

Ttiz a common etror to confuse a
triangular frame with a zolid triangle.
A triangular frame consists of three
straight line sections, each of which
15 considered separately.

+— Displaying the masses and
Frameworle | AR | BC | AC coordinates in a table helps you to
hdass ratios 24 é 4 10 form correct equations.
Diztances (x) x 0 4 4
R Ancee O 2 5 g 3 e The centre of mass of each
side iz atthe middle of the
2 M(4E) side.
4% = bx048xd4410x4="72
A
E i o =3
b M{BC = =
24y = 6x34+8x0410x3=48 R
o= 4 =2 /’<T \
> E B ..
\\\ ?/I/' (s \.."._
¢ Let the acute angle made by A5 with <l \
the dewnward vertical be o \\\
e Y
Vertical - \\\
T 3 3 4
B = B 50 ' c
. 4 “When the frame hangs freely from
@ = 37 (nearest degree). A, itz centre of mass & iz vertically
below A

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

Question:

Three uniform rods A8, BC and CA of mass 2r, e and 3 respectively have lengths

{, land .WE respectively. The rods are rigidly joined to form a right-angled triangular
framework.

a Calculate, in terms of J, the distance of the centre of mass of the frameworl ffrom
i BC,
o A5

b Calculate the angle, to the nearest degree, that 5C makes with the wertical when
the framework iz freely suspended from the point 5.

Solution:
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Vertical

a The total mass 15

2+t S = tem

As PP =2 the angle at B
1z aright angle.

Az each rod 15 uniform, the centre
of mass of each rod iz at its
mid-point. Yeou can think of this as
replacing each rod by a particle of
the appropriate mass at the
mid-point of the rod.

+— A table displays the

masses and coordinates
i a concise form and
helps you form correct
equaticns.

The moment of the total mass
about any aziz equals the sum of
the moments of the individual
masses about that axis.

Total | AS B |
Ifass tm 2m m 3
Distances | x i 0 i
(x) 2 2
Distances | ¥ 0 ! !
0 2 |2
Let the centre of mass & of the framework be {(F, 7).
1 WIAE
b T = 2??2)4&%-I—mxU-l-3m>-<'!!1§=E
5 Semd O
x — —— i}
120 12
ii WIECh
ey = 2m><0+m><%+3m><%=2m3
_ Zmd
i 6m 3

b Let the angle that 50 malkes with the vertical be of.

e ploe B B b
tanay = —TETT
12
a = 39° (nearest degree).

© Pearson Education Ltd 2C
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“When the framework hangs freely
from A, its centre of mass & i3
vertically below A,

The wertical line has been drawn
in the diagram.
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Review Exercise
Exercise A, Question 28

Question:

4 ¢m 2 r

A= 4 em » D

A thin uniform wire of total length 20 cm, 15 bent to form a frame. The frame iz in the
shape of a trapemium ABC D, where AR =AD=4cm, CD=5cm and A5 13

perpendicular to B0 and AD, as shown in the figure,
a Find the distance of the centre of mass of the frame from A5,

The frame has mass M A particle of mass kM i attached to the frame at O When the
frame is freely suspended from the midpoint of BT, the frame hangs in equilibrium
with 5 horizontal

b Find the walue of k.

Solution:
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(7Y N :
B L '\ frem

4 cm ®(d)

(4)

L 1
A

-— dm —

a Let Nbe the foot of the perpendicular
from Do B0 and MO =pom .

By Pythagoras' Theorem
pi=5 -4 == p=73
Hence BO=BN+NT=(E+ cm="7cm

The total length of the frame 1z
4+7+5+4) cm=20cm

Let the distance of the centre of mass of the

frame from A5 be T cm A the wire 12 uniform, each
section of the wire has a
Total | AS B oo | nd tnass propottional to its
Mass length. As the ratios of the
ratios 20 2 7 2 4 lengths are 4 .7 5 1 4, the
Distances | % 0 [ 35] 55 ]z ff;szfgtﬁ S are also
M{AZ) \ The distance of the centre of mass of 002

tfrom AL 1z

20 = 4x04T7=3545x5544x2=40 BN + %NU S RS

__ én_

r = E_B

b
i

= 35cm —we—35cm— The whole weight of the framewortk
; . | C acts at the centre of mass 7. There

— | T 1z also a force acting upwards at the

- mid-point, say T, of BC, but, when
LT won youtake moments about T, this
force has zero moment about 77
kMg
T
\ [
! Mg
Let The the mid-point of 5O WIT)
o +— The perpendicular distance
Mg(35-7%) = k Mgx35 from Tto the line of action
30—3 = 353k of the weight of the
PR framework is
3507 35-%=05%cm.

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



Heinemann Solutionbank: Mechanics 2 Page3 of 3

© 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

Review Exercise
Exercise A, Question 29

Question:
{ Bea B
G
Gt . Xoes da '
E D

The figure shows a uniform lamina ARCDE such that AFDE 15 a rectangle,
BO=00D AB=8a and AF =6a The point X 15 the mid-point of 50 and AT =4a.

The centre of mass of the lamina 15 at 3.
a Show that GX = %cx )

The mass of the lamina is M A particle of mass AM is attached to the lamina at
The lamina 15 suspended from £ and hangs freely under gravity with A5 horizontal

b Find the walue of A,

Solution:
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8a Bt
A M~
G ) e
b ‘f \:3'
,'/J
E! b AMg
)
Mg

a The area of rectangle ABDE is 6a X 8a = 48a°
The area of ABCD is 5 6ax4a =124

The area of lamina ABCDE is 482 +124* = 60a°

Lamina | Eectangle | Triangle
Mass 1 gopr | a8 124°
ratios
Dhisplace- 4
ments X da —za
from X
ML)
60a'xGX = 48a"xda+124" x[-%]
= 192¢° —16a° =176
3
GX=% = %a, as required
i

b With the particle at O
M)

MgxGX
My x 2

15
_

" 15%4

= MMgwxda %
= Mfgxid

‘7

Toubreak the latina up
inte two parts. The
rectangle ASDE, with
dimensions Ba ¥ 6a , and
the triangle BCD, with base
ey ated height dea.

The centre of mass of the
triangle 1z ;—}z =%><4a:

from the base B0 of the
triangle.

4—— Taking moments about X,

the rectangle is on one
side of X here talcen as
positive, and the triangle
15 on the other side of X,
here taken as negative.

11
15

© Pearson Education Ltd 2C
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There 15 a vertical force at
Hbut, as the line of action
of thiz force passes
through X, its moment
about X iz zero.
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Review Exercise
Exercise A, Question 30

Question:

& uniform square plate A8C0 has mass 100 and the length of a side of the plate is
2F Particles of mass M, 20, 30 and 408 are attached at 4, 5, O and D respectively.
Calculate, in terms of J, the distance of the centre of mass ofthe loaded plate from

a Af,

b BT

The loaded plate 1z freely suspended from the wertex 2 and hangs in equilibrium.
¢ Calculate, to the nearest degree, the angle made by 24 with the downward

vertical

Solution:
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A 2 D

M The angle required in ¢ 15

matked o in the diagram.
2] =% It has been brought into a
right angled triangle, in
which you can use
trigonometry, using
alternate (2 angles.

Vertical

2Me
B

The total mass 15
M+2M 430 +40M +100 =200
Let the distance ofthe centre of mass, & say,

of the loaded plate from A8 and BC be
¥ ciand ¥ o respectively,

Total Plate A |l C| D
— :
Mass | 208 | 100 | 3| 2| 30| 41 sitabil erdisplagsithe

Dietaiees masses atd coordinates in
() x ! oo |2 2 aconcise form and helps

vou form correct

¥y ! 20 0 2 equations.

Dustances

49
a M(4B)

]
)
=
e
-
I

10M i 4+ 3M = 21+ 40 21 = 2404
2401 &

e S L R L AL

20 5

B
=
=
=

=

I

10M i+ M o2l + A0 = 20 = 200

J_;z— = ]

¢ Let the angle made b.y DA with the Wheh e e b
downward vertical be of. :
_ freely from D), itz centre of mass
2—y Ui .. 5 . .
tney = ——=——g=F=1 i 13 vertically below 2.
A —= 4 The wertical line has been
drawn in the diagram.

o = 51 inearest degree’).

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

Question:
A= 3a B
A h
2a
L e H
D (a—g—>F

A uniform lamina ASCD 15 made by taking a uniform sheet of metal in the form of a
rectangle ABED, with AF =32 and AD = 2a, and removing the triangle 5CF, where
Clies on DF and CF =a |, as shown in the figure.

a Find the distance of the centre of mass of the lamina from A5

The lamina has mass M. A particle of mass #2 15 attached to the lamina at 5 When the
loaded lamina 1z freely suspended from the midpoint of A5, it hangs in equilibrium
with A8 horizontal.

b Find w2 in terms of A

Solution:

Pagel of 2
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D C E

The area of rectangle ABCD iz 3a X 2a = 6a*.

The atea of triangle BCF 13 %aan =a”,

The area of lamina ABCD 15 6a° — & =527

Let the distance of the centre of mass of the
lamina, say &, from ADbe ¥ cm.

Eectangle | Lamina | Triangle
Ifass ratio ba® S’ a’
. 3 _ 2
Distances 54 T 7
WAL
fia® = Ecz =

f—lgcz
15

Let Mbe the mid-point of A8

M (M)
m’g’x%a

=
s|¥L».'l
|

ik
I

: A
_Mﬁ’—gMﬁ( = %m;{ \

3
7
3 319 7
_m=|1_Z = __af
Sl [2 15] 30
_2..17 . q
m=gXgmM = M

© Pearson Education Ltd 2C

2. = 2.8

5 Yat=TH4a Xz

9 ERE I S L

S2°F = Ba 78 =

L

d
z/
ST
L I

- "
i Y E

If G is the centre of mass
of the triangle and ¥ iz the
tid-point of B5 then

weiyeldpria
TTsing similar triangles,
074 c O T
= ogr 1

CR=a: E=%a. T

- | L from BE and

T
[3 1]—8 Bain
ﬂ_iﬂ —Eﬂ ot 3

The moment of the
complete rectangle about
Al iz the sum of the
moments of the lamina
and the triangle which has
been remowed from the
rectangle.

There 15 a vertical force at
Nholding the loaded

lamina in equilibrium but
thiz has no moement about

N
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Review Exercise
Exercise A, Question 32

Question:
A < ® Com
2a
f'f - @ D(2m)
1 o 1 >

The figure shows four uniform rods joined to form a rectangular framework ARC D),
where AB=C0D=2a and 80 = Al =34 Each rod has tmass me. Particles of mass
Be and 2w are attached to the frameworlt at points O and 2 respectively.

a Find the distance of the centre of mass of the loaded frameworlk from
i AR
i Al
The loaded frameworl iz freely suspended from B and hangs in equilibrium,

b Find the angle which 8C malkes with the vertical

Solution:
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B ~——T% - ® " (Him)
el A T— i 1
Ja-V~ I .- A "“—E—-_____ Venical
X H o ——
2 W (m) ®im
»:
\ (1)
A - ® [ (2m)
- 3a -

a The total mass 1s
mtmtmtomt Zmt b= 12m
Let the distance of the centre of mass of the

loaded frameworl, say &, from A8 and AD
ke ¥ and ¥ respectively.

The angle required in b 15
marked o in the diagram.
It has been brought into a
right angled triangle, in
which vou can use
trigonometry, using
alternate (Z) angles,

It is a common error to
confuse a rectangular
frame with a solid
rectangle.

Page2 of 3

Eods Particles - _ £
A A £ Irame consists o
A ™ 1 four straight sections,
Total | A8 [ BC |CD| DA | O | D esoh o srhick s
Masses 12m i) | m I B considered separately.
Distances = 3 3
= x 0 54 3a 54 3a | 3a
Distances =
¥ e P c 0 Za | 0O
)

s There 15 a lot of information in this
gquestion and summarising it in a table
helps wou both to check that you have not
overlooked anything and to obtain correct
moments equations.

i LI AE
12mxx = mx%a+mx3a+mx%a+6mx3a + 21 Ba = 30ma
__ 30maz s
120 2
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i MAL
12y = m¥atmlatmEa+omy 2o =10ma
__ lbmm 4 When the loaded
Yo oran 3% framework hangs freely

from B, its centre of mass

h  Let o bethe angle 5C makes with the vertical +——] G iz vertically below 8
The downward vertical

has been drawn in the
diagratm.

g — / It 15 a good idea to write down an
tanece = — 24 expression for the angle in terms of
i * and ¥ and notto imme diately use

Ecx—;a 2 7 4 the expressions obtained in a in terms
B w g, TPt of . Everyone makes mistakes from
7% time to time and writing the
o =15 (nearest degree) expression using the general terms x

and ¥ makes your method clear.

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 33

Question:
Y« d—» B
n
3d
4
A
d
v v
(q 2d =X

The figure shows a uniform L-shaped lamina with OX = 24,07 =34 and
OX =F8=d  The angles at &, 4, B, X and ¥ are all right angles,

Find, in terms of &, the distance of the centre of mass of the lamina

a from OX,
b from &OF
The lamina 1z suspended from the point Fand hangs freely in equilibrium
¢ Find, to the nearest degree, the angle that & F makes with the vertical

Solution:
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Vi g | Toudivide the L-shaped lamina into
T‘h ' patts, each with a known centre of
al\ mass. This can be done in different

¥\ ways. Here the lamina has been

\‘-\:""” cal divided up into arectangle OXEP of
\c dimensions 34 ¥d and a square
ERENL 7 AXPQO of side d.
= '
! d
0 M‘” Oy

The area of rectangle CXBP is 3d X d =347 .
The area of square AXOF is d X d =d* .
The area of the L-shaped lamina is 3d° +d* = 4d°.

Let the distances of the centre of mass of the
lamina, say &, from OX and OYbe ¥ and ¥

respectively.
Lamina | OFBF | AXFL | +—
heas ad? | 34t 4*
ratios
Distances e 1 3
() x 5 d 3 Pl
Dhstances = 3 1
) ¥ = d 5 o

a M(OX)/

4%y = 3d*xid+d*x2d =54

3
5d 5.:£

}_} e E LI e N

44* 4

Bdgx%d+d2x%d=3d3

5
_Ed

¢ Let @ bethe angle & F makes with the vertical

tanea =

© Pearson Education
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3
i o 0o
3d— ¥ Bd—%d

=

2
-

] v
| Q8

2% (nearest degree)

Ltd 2C

Az the lamina 15 uniform, the
masses of the lamina, rectangle
and square are proportional to
thei areas. ¥ou could “cancel’

the @* here and justuse 4 : 3 : 1.
This would shorten the working a
little.

The distance of the centre of mass
from OX 15 ¥, not x.

+— When the L-shaped
lamina hangs freely
from ¥, 1tz centre of
mass (7 is vertically
below ¥

The wertical has been
drawen in the diagram.
The arrow 15 pointing
downwards.
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Review Exercise
Exercise A, Question 34

Question:

The figure shows a decoration which is made by cutting 2 circular discs from a sheet
of uniform card. The discs are joined so that they touch at a point 2 on the
circutnference of both dizce. The disce are coplanar and have centres 4 and B with

radii 10 cm and 20 cim respectively.
a Find the distance of the centre of mass of the decoration from 5.

The point & lies on the circumference of the smaller disc and £ CAE 1z aright angle.
The decoration is freely suspended from O and hangs in equilibrium.

b Find, in degrees to one decimal place, the angle between A8 and the vertical

Solution:
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_.f'/ ..\‘-..
(l l :,1 \
N\ I10
B
- Y\ H e
&

:// : \\\
. i (s ‘\ 20} "-_I
{ x Y |
| f P NY |
B\ Vertical |

N, - /

£ A

a The area of the smaller circle is w10* = 1007 cm? .

The area of the larger circle is w20% = 400w cm?.

The area of the decoration iz 1007 +4007 =500 cm*

Let the distance of the centre of mass,
say &, from Bbe ¥ om.

Az the card 15 uniform, the
. =mall Large tasses of the decoration
Decoration : : :
circle citcle and circles are
Ifass proportional to their areas.
ratios 00 1007 #0077 [re———y Tou could simplify the
Distances ratio 5007 100 4007
from x 20 0 to 514 and this would
Bicm) o sitnplify vour working,
The centre of the
M(B) larger circle is at &,
00wxx = 100w 3044000
_ _ 3000x
200w

The distance of the centre of mass of the
decoration from & 15 6 cm.

b Let the angle between A8 and the vertical be o,

AC = 10cm
AT = (104+20—8Y cm = 24 cm
o s *_'___'_._,,_,_._._———-'— When the decoration is freely suspended
tane = =g from O, its centre of mass & 1z vertically
a = 226 (1dp) below C

The wertical has been drawn in the
diagram with the arrow pointing directly
down. You use the result of a and
trigonometry in the right angled triangle
AT to complete the question.

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 35

Question:

10 cm

L)

D« 10 cm a8

A uniform lamina L iz formed by taking a uniform square sheet of material ASCD of
side 10 cm and removing a semicircle with diameter A5 from the square, as shown in
the figure.

a Find, in cm to 2 decimal places, the distance ofthe centre of mass of the lamina
from the midpoint of A5

: e : : : ' e
[The centre of mass of a uniform semicircular lamina, radius e, 15 at a distance o
T

from the centre of the bounding diameter ]
The lamina iz freely suspended from 2 and hangs atrest.
b  Find, in degrees to one decimal place, the angle between CL) and the vertical

Solution:
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i l -
i /d/
. . "f/‘ Vertical
[0 cm '/i’f
L
ol
' PaCl .
'] N O
- 10} ¢m -
D e | 25
a The area of the semi-circle s j?J:>< 5= TK cm? .

The area of the square is 10%10=100cm?.
The area of L 12 (100—22—5)?1: o’

The area radius of'the semi-

circle is %m,:; with r=25.

Let Mbe the mid-point of A8 and M the mid-point of 2C

Let & be the centre of mass of £ and MZF=F cm

The question gives the

EXprEssion 3‘_;; for the centre

of mass of semi-circle and
a=5.

Semi-
Sipase circle L
Mazs 25 25
ratios 100 T 1UU—TK
Distances
from M 5] E T
(o) 3m
M (M)
_ 5, 135 2k
100x5 = T,{xﬂ—l—(mﬂ Tn)x
o5 0%, 250
(mo—Tn)x = 500- %2
500—@
5:7253 = 6.860958. .
100—?11:

The distance of the centre of mass of £ from

the mid-point of AR 12 6 86 cm (2 dp ).

b Let the angle between &0 and the vertical be o

OGN = (10—%)cm, DAWN="5cm
TN 10—6.860
DN 5
e = 321 (ldp)

tanx = =0.6278._.

© Pearson Education Ltd 2C
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The question, by asking for
2 decimal places, implies
there are no neat answers to
this question and you must
use your calculator to find
the answers.

When £ 15 suspended freely
from D, the centre of mass
f hangs wertically below 2
The downward wertical is
drawn in the diagram.
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Review Exercise
Exercise A, Question 36

Question:

A uniform lamina ASCID 15 1n the form of a trapezium in which AF= Al =«
O =2a and £ BAD = Z4ADC =808
a Find the distance of the centre of mass of the lamina from A5 and from A8

The lamina stands with the edge A5 on a plane inclined at an angle o to the
horizontal with A higher than £ The lamina is in a vertical plane through a line of
areatest slope of the plane.

b Given that the lamina 1z on the point of owverturning about 5, find the value of
tar & .

Solution:
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2a

” ¢ «————— When there is no diagratn in
: the question, sketch the
- | diagram vourself. This makes
l I the layout of the question
A a B a E

clearer.

a Let the perpendicular from C'to A8
produced meet AR produced at £

The area of rectangle ARCD =2axa = 2a*. This sclution treats the lamina as
The ston of tranale BAC = D enomaliag if it was made from a wniferm

2 2 rectangle, of dimensions @ by 2a,
The area of the lamina = 2a%—La? =242 by removing the right angled

2 2 triangle BEC. There are other

1 lid alt tives.
Let the distance of the centre of mass of the RliE IR R

lamina, say &, from AD and A8 be ¥ and ¥

respectively.
Eectangle | Triangle | Latina
. 1 3
Idass ratios 2a” 3 8 jﬂj
Distances 3 i
a T4 x N _
: () = iz 7% from CF and so 1t
Distances ; : | 5
) 74 74 ¥ iz 2a—§a=§a from AD
WA
. by 5w w
2atwa = s@ Xzatsa® XX
3. D308 M B.dae, o tab SRERE U S
2a7 = z4 +jax:>-jax—2a zad =za
= g ot
X = zXza=ga
WA
2.1 _ 1 a1 K
e Xz = ma x§a+ja WV
35w T 3Ned e B S T S 3
a = za —i-ja y=>-ja y=da —od =za
— oy BB
¥y o= Exﬁa—ga
h
1
g
e .
— G- \ o
=il BF ﬁ-.zi-”'f When the lamina 15 on the
e _::’"'T S point of overturning about &,
|8 - the centre of mass & of the
x,.{": a-x lamina 15 vertically abowe 5
) 2
tan ce= =§—=§
¥ 7%
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Review Exercise
Exercise A, Question 37

Question:

A thin uniform rectangular metal plate ABCD of maszs M rests on arough plane
inclined at an angle o to the horizontal. The plate lies in a vertical plane containing a
line of greatest slope of the inclined plane, with the edge C'70 in contact with the plane
and O further up the plane than 2, as shown in the figure. The lengths of A8 and 5C

are 10 cm and 30 cm respectively. The plane 15 sufficiently rough to prevent the plate
from slipping.

a Find, to the nearest degree, the greatest value which of can have if the plate does
not topple.

A small stud of mass # 15 fized to the plate at the point O

b  Given that tan = % find, in terms of A the smallest value of # which wall

enable the plate to stay in equilibrium without toppling.

Solution:
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The greatest value which o can take without
toppling about 2 corresponds to the situation
where the centre of plate, here labelled & 12
vertically above L) As drawn here, if & was to
the left of 2, the weight of the plate would
hawve an anticlockwise moment about 2 and the
plate would rotate about D,

The point & 15 5 cm from Al and
15 cm from C'0

The greatest value of of occurs
when the centre of mass, say &,
of the plate combined with the
stud iz vertically abowve 12 The
first step in this part must,
therefore, be finding the
position of (7.

a
0em . g
A '-._:"'f' A
Y
Y : 4 3 cm
\ 0L
‘ —{; 15 c;'n ~
I._I... l.'-.. (' i -
\ L A
“-'"‘1 cm
o
- 3l II| Eﬁ'
tan e = > =1 4
s 3
o = 18 (nearest degree)
The greatest wvalue o can have if the plate
dees not topple 8 18" (nearest degree).
b
] cm__,
Tl
{".\ ""\.‘
\ Y30 cm
l"'. + "'l.
\ oM\
k) L
I"'. (¥ \". -
\ VO
\ _,.}"’ :
LY - i
N I'\.H_.-P"f
- :.-— @

Let the centre of mass, say &, of the plate
and stud combined be ¥ cm and ¥ om from

A and DT respectively.
Tatal Flate | Stud
Ifass M+m A M
Distances = 5 10
(x)
Distances =
¥ 15 0
0]
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W CADn
(M+m)x=Mx5+mx10
f_53&'4—10%
M+
(D
(M +m)y=Mx13
__ 15M
- M+
iven that tana=%
tana=é=%;‘- 2x =¥
by

205M +10m) _ 150

M M

150
1

10M+20m=15M=>-20m=5M=>-m=3M

The smallest value of # which will enable
the plate to stay in equilibrium  without

toppling 13 %M ;

© Pearson Education Ltd 2C

10 cm ?,f--“\\H
s \
gipe \
'\:I \
y : \
\ — G \30cm
v\ X il \
\ \:_____,--"’ [ \\.\
\ s =m Y
I‘-".". l l‘-l' \-I‘"-_ ( : _.-_-'"'—-..;
) L
s
\ =
DN~
.—d\"'-’

N a
When the system 15 on the point of
toppling about 1, the centre of mass of
the plate and stud combined, &, s
vertically above O

The diagratn above illustrates that

tan e =2 and, as you are given that
F
1

tan e = =, you can form an equation

7
relating # and A

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

Page3 of 3

3/23/201.



Heinemann Solutionbank: Mechanics 2

Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 38

Question:

m 24 ¢m
A !/u 2

The figure shows a temnplate Tmade by removing a circular dise, of centre X and

radiuz & cin, from a uniform circular lamina, of centre © and radius 24 cm. The point
A lies onthe diameter AO8 of the lamina and AX =16 cm . The centre of mass of T

lies at the point &,

a FindAZ

The template T iz free to rotate about a smooth fizxed horizontal axis, perpendicular to
the plane of 7, which passes through the midpoint of Q8. A small stud of mass %m 1z
fized at &, and T and the stud are in equilibrium with AZ horizontal

b Modelling the stud as a patticle, find the mass of Tin terms of

Solution:
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o
—

G | 12¢em

Ve .
) b
| \ 'q_ Ol 24 cm —Th

-me

a Let AG=TFcm.

The area of the larger circle is X 24% = 576w cm®.

The area of the smallest circle iz TX 5% = 64w om?

The area of Tis 576m — 64w =64 cm .
AV =24 -Ecm=16cm

/

The large circle iz uniform so
the masses of the large circle,
stnall circle and T are
proportional to their areas.

3

Larger Smaller
circle circle
Mass 5767 s 5127
ratios
Distance o4 16 =
{om)
M A)

5765 x24= 64 x164+ 5124 x %
576 24— 6416 _

51z
AF=25cm

Fp—

25

The tnass ratios

STEm 64w 312w can be
sitnplified to 90 1 8 and
using these reduced ratios
would ease the worliing,

b Let O be the mid-point of OF and the mass of The A

BC=12cm,0G=11lcm

M (C)
Mgx11

1
EmgxlE
1M = 3m;‘-M=%m

The mass of T1s %m

© Pearson Education Ltd 2C
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There 15 a force acting
vertically upwards on T at O
but, when moments are taken
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moment.
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Review Exercise
Exercise A, Question 39

Question:

VA

Al 4m
n
4

B

I 1 -

(1™ 0 e 01X
4
¥

Cl2m

The figure shows a triangular lamina AST. The coordinates of A, 5 and & are (0, 4),
(9, M and (0,—4) respectively. Particles of mass 4e, G and 2 are attached at A, 5

and ' respectively,

a Calculate the coordinates of the centre of mass of the three particles, without the
laming,

The latmina A5 1z uniform and of mass bz, The centre of mass of the combined
system consisting of the three particles and the lamina has coordinates (4,43

b Show that b=46.
¢ Calculate the value of A.
The combined system 15 freely suspended from & and hangs at rest

d Calculate, in degrees to one decimal place, the angle between AC and the vertical

Solution:
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1 edm
Bl Vertical R
4 G 2 <5
& .7 f _
) d ] e o N
4
C .-E.Irr

a Let the centre of mass of the three particles,
without the lamina, be (X, 7).
The total mass of the three particles iz
A+ b+ 2re = 12m

Taotal A £ i
Ifass 122 LIEEH G2 2
Distances e You must takee into account
X 0 9 0 ; _
(x) the signs of the coordinates,
Distances —
¥ 4 0
o) o
M ()
12mex = Gmx?
— S4m 9
Tm T3
(0
12mey = dmed42mx(—4) =8m
o B e 3
Y mm T3

The centre of mass of the three particles,

without the lamina, has coordinates [; %]

b The centre of mass of the lamina 15 {3, 0}

Let the centre of mass of the combined “— The question gives you that
system of the lamina and the three particles the coordinates of (F are
ke at the point &, 4,40,

The total mass of the system iz

120+ dom = (12+ E)em
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Altheugh you could start
again, considering the three
particles separately, it iz

Combined | Particles )
Lamina
system
Mass (12+k)m 122 lerm
Distances 0
& 4 5 3
Dustances 2 2 0
(v 3
M ()

e 9
(124 g x4 =12 x T+ pf %3
48+ 4k =544 3k

k=16, as required

¢ MO
(12+ KX A = 120% 2 + bomx 0
Tsing b=6
191 = 8
e B ol
b = 573

d Let the angle between AC and the vertical be o,

4 4
TR 8
B /

=837 (1dp)

© Pearson Education Ltd 2C
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from a for the centre of mass
of the three particles.

When the particle iz freely
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Review Exercise
Exercise A, Question 40

Question:
A o B
4 m . . Wil
2a
= 2m
D Sa O

A loaded plate £ iz modelled az a uniform rectangular lamina ABCD and three
patticles. The sides CD and A0 of the lamina have length Sa and 2a respectively and
the mass of the lamina 1z 3. The three particles have mass den, # and 2me and are
attached at the points A, 5 and O respectively, as shown in the figure.

a Show that the distance of the centre of mass of £ from A0 15 2. 254
b Find the distance of the centre of mass of L from A5

The point & iz the midpoint of AE The loaded plate L iz freely suspended from & and
hangs at rest under gravity.

¢ Find, to the nearest degree, the size of the angle that A5 malces with the
horizontal

A horizontal force of magnitude P is applied at O in the direction CD. The loaded
plate L remains suspended from O and rests in equilibrium with A5 horizontal and O
vertically below B

d Show that F= %mg :
e Find the magnitude of the force on X at O

Solution:
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A
dm

2a
Vertical
"'-
-

D

Let the distances of the centre of mass of [, 44— |

say (F, from
respectively.

The tmass of L

Sa

AD and AE be * and ¥

15 Smt+dmtm+ 2m=10m.

B
® i

® 2
c

The distance ¥ iz measured
from A&, not DT

Eectangle Particles
i, ABCD A £ 54
Ilass 10 2 A | m 2
Distances (x) X 2.5 0 Sy Dy
Distances () ¥ @ o 0 2a

a M4
10mxx

Ei—

h (A5
1wy =

J_;z

¢ Let o bethe angle between 04 and the vertical
¥ _ D7a *+— When L is freely suspended
from &, the centre of mass &
of the complete system
hangs wertically below O

tanoy =

70

o

The angle that A5 makes with the horizontal

25a—x 02a
" (nearest degree)

I 2. 00tk Da 4 2 S = 22 Sma
22 Smn

=2 254, as required
1082

Sma + 2m 2a =T

Tenc

102

=07a

=25

13 (90700 = 20° (nearest degree)
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d
by
i - 2 ﬁ #— The tetal weight 10mg ofthe
______________ 0 loaded plate L acts at the
X Ge T centre of mass & of the plate.
2a
|P
I 5a C
10mg
'
LR
0l = s N ] Taing x=2.25a froma
= 10mgx0.25a
F = M=img, as required
24 &

e Let the horizontal and vertical cotmponents
of the force acting on [ at D bhe K and ¥

respectively.

R(=) X = P=lmg

BTy ¥ = 10mg
Let the magnitude of the force acting on L at
Obe &

RE = JRRapd

2
= (%mg) +(10mg)2=$mggz
R o= R 543 +— Thiz exact answer or

4 4 :
approximate answers, such as
10. 1meg, would be accepted.

© Pearson Education Ltd 2C
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 41

Question:

Tweo patticles, of mass Zme and 2, are moving in opposite directions in a straight
horizontal line with speeds da and & respectively. The particles collide and coalesce
to form a single particle F Calculate

a the speed of P in terms of 5,

b the lozs in kinetic energy, in terms of 2 and 2, due to the collizion,

Solution:
Positive direction
du 7]
Before . -—
7 o
| 3m | { 2m |
— __/ lll/-f"__\ \‘-— —'/
After P |, Sm /-
"

a Letthe speed of Phe v

Conservation of linear momentum o f p_y o fihie e e

M1 specification. The

A Smt 2mX () = Omy prerequisites in the M2
108 = Semw specification includes
10 A knowledge of the
¥ T 5T 2u specification for M1 . iz

assutned and mavy be tested”

b The kinetic energy before impact is

il

i % 3 5 * : ; 5 The direction of motion of the
53“?”{(43“) +52m)<u = 24" +pw” = 2omu particle of mass 2r1 13 not

The kinetic energy after impact is f‘?le"?ﬂt when working out its
kinetic energy. In a, the

%5’%’2 :%5;?3)((234)2 =10mas* direction was needed for

The loss in kinetic energy is calculating the linear

e — 10ms® = 152 momentum. Linear momentum
1z a vector quantity; kinetic
ENErgy 15 not.

© Pearson Education Ltd 2C
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Solutionbank M2
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Review Exercise
Exercise A, Question 42

Question:

A particle of mass 4 kg is moving in a straight horizontal line. There is a constant
resistive force of magnitude & newtons The speed of the particle is reduced from

25 m s to rest over a distance of 200 m.

Tze the wotk—energy principle to calculate the value of B

Solution:
The loss in kinetic energy is 4— The initial kinetic energy of the
patticle 13 1250 T, Its final
Lo =Lawost 12507 kinetic energy iz 0, as the
2 : patticle has been brought to
t.
The work done by the resistive force 1z i
given by
work done = forceX distance moved
W= REx200

Tsing the wotrlk—energy principle
2008 = 1250 o The work done by the resistive

i 1250 —6.95 force 15 equal to the loss of

200 energy of the particle.

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 43

Question:

A particle P of mass 2 kg 1z projected from a point 4 up a line of greatest slope AF of

afized plane. The plane iz inclined at an angle of 307 to the horizontal and A8 =3m

with & above 4, as shown in the figure. The speed of Pat A is 10m s

a Assuming the plane 1z smooth, find the speed of P at &,

The plane i now assumed to be rough. At.4 the speed of Pis 10m s and at 5 the
speed of Pis Tms™ .

b By using the work—energy principle, or otherwisze, find the coefficient of friction
between P and the plane.

Solution:
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a Let the vertical distance moved by P
ke m

B =sin30" =4 =35in30" =15
The potential energy gained by F is given by
PE=mgh=2x538x1.5=254

Let the speed of P at Bbe vm ™.

The kinetic energy lostby F is given by

1 2 1 2
EE = _mu —_mpw
2 2

_ 1 2 la 2 _ .2
= i2>-<1[Z] 521: 100 —v

Tsing the principle of conservation of energy

The change in the potential
energy of & depends on the

hm «e——— | wertical distance it has mowved.

You find this using
trigonometry.

100-v2 = 294 PO
v 100-294 =706

NI0E =840z

v

If no forces other than grawvity
are acting on the particle, as
mechanical energy 13
conserved, the logs of kinetic
energy must equal the gain in
potential energy.

The speed of Pat Bis 84m s (2s.£).

b
H -
uRk_B—"
" e— 3y
= %
2g¢

Let the normal reaction between the particle
and the plane have magnitude X1

E(™) R=2Z2gres3lr

The frictional force 15 given by
F=uR=plgcos 30"

The kinetic energy lostby P15 given by

1 G- 2
EE = _mwuw ——wnw
2 2

— 1l z_ 1 2
= §2><10 E2><7" 51

file://C:\Users\Buba\Downloads\All Edexce-Level Math Booksssssss\Mechanic...
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B The change in the potential
. ;':_,’T energy of & depends on the
! | hm «————— vertical distance it has moved.
-L,ff"f{: i ; You find this using

The potential energy gained by F 15 the same 4

: The wertical height moved
as in a.

15 the same as in a.

The total lozs of mechanical energy, in T, is
51-2%4=216

The work done by friction 15 given by
work done = forceX distance moved

W = LR¥3I=ulgcos30°X3=ux50.922.

Tsing the work—energy principle

The work done by the

5 friction is equal to the total
¥o0822. =214 =0424. .
: =i losz of energy of the
patticle,

The coefficient of friction 1z 042 (2 5.£.

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

Review Exercise
Exercise A, Question 44

Question:

A small package s modelled az a patticle P of maszs 0.6 kg The package slides down
arough plane from apoint Sto apoint T, where ST =12m . The plane iz inclined at

307 to the horizontal and 57T is a line of greatest slope of the plane, as shown in the
figure. The speed of Pat iz 10m s and the speed of P at Tis 9m s, Calculate

a the total loss of energy of P in mowing from & to 7,

b the coefficient of friction between 2 and the plane.

Solution:

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



Heinemann Solutionbank: Mechanics 2

a
5
N~ .
hm ~d [_”
-
L
In mowing from 5 to T, F descends a vertical The change in the
distance of & m, where potential energy of 7
o _ depends on the vertical
E=s1n 3= h=12an30" =6 distance it has mowved.
The potential energy, in J, lost by F iz given by gioif;ﬁ;:;m e
mgh =0.6%9.8%6=3528 5 ol
The kinetic energy, in I, lostby F iz given by
1 2 1 — 3%l
5 st Emvz im(u )
_ 1 2y
h §><0.6><(10 $=07 Az F moves from 5 to Thoth
kinetic and potential energy are
The total loss of energy of F 15 lost,
(352840 N T=4058T=41T{2=1}.
h
uR ._.-‘ R
AT |

Let the normal reaction between the particle
and the plane have magnitude XM

R/ E=06gcos3l

The frictional force 1z given by

F=uR=u0bgcos30" =ux 509229
The work done by friction is given by
worle done = forceXdistance moved

W o= Fxlz=pxéllis...

-’//

Using the wotrlk—energy principle
WX 61106 =4098 = u=06706

The coefficient of friction 12 0.67 (2 2.1,

Friction opposes motion and
acts up the plane. The work
done by friction against the
motion of the particle equals the
total loss of energy of the
particle. You should use the
unrounded answer from a for
the total energy loss,

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

Review Exercise
Exercise A, Question 45

Question:

A particle P has mass 4 kg It is projected from a point 4 up a line of greatest slope of

arough plane inclined at an angle o to the horizontal, where tan = % The

coefficient of friction between & and the plane 1z % The particle comes to rest

instantaneonusly at the point 5 on the plane, where A5 =25m It then mowes back
dewn the plane to 4

a Find the work done by friction as F moves from A to B

b  Using the wotk—energy principle, find the speed with which P 15 projected from
A

¢ Find the speed of P when 1t returns to A

Solution:
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a
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& . - ewd
tan{x—zzhsm{x—g,coscc 3 -] P
W R Aot .
I"-. l‘f - 13
- 4
uR _——125m kin Thiz diagram illustrates that if
*r i 3
' = =
T | @ tan o = 2, 5in.6 =< atwd
4
T .I.!‘: =
Cosl =

Let the normal reaction between the particle
and the plane have magnitude & M.

R(N\) R=4gcose =4x9.8x 3 =31.36

The wotk done by friction is given by

force distance moved

LR AB
= %xzt%x25=2z4

wotle done

W

The magnitude of the frictional force
iz givenby F =uR forthe particle's
motion both up and down the plane.
The direction of the frictional force
changes but its magnitude dees not.

The work done by friction in mowing from A

to Bis 2241

Let the wertical distance moved by F in moving from A to Sbe b m.

i:sina#.@z=2.5xi=l.5
05 *

Tﬁe potential energy, in I, gained by P in
moving from A to Fis given by
mgh=4x93x15=583

Let the speed of PatAbe ums™.

The kinetic energy, in I, lostby & in moving

from A to Bis given by

1 a_ .2 ‘____._——-—-—'—'_'_——
= i =2u

The mechanical energy, in J, lostby Fin
moving from A to 5 is given by

At B the particle 15 instantaneously at
rest and has no kinetic energy. So all

of the initial kinetic energy has been

lev st

2u® - 58.8 S

Tzing the work—energy principle

In movwing from A to B, kinetic
energy has been lost and potential
energy gained. The difference
between the values 13 the net loss,

224 = 247 —588
2 588+224=4D6
o= JA0E=6371.

The speed of PatAis 6.4 ms™ (2s£).
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a tan{x=3=:-sin{x=§,cosxx=

4
q B
W R

n

¢ Let the speed of 7 when it returns to A ke
1

Vi s .
The wotk done by friction as F mowves from
Fto A 1z the same that it does as P moves
from A to B Hence the total work done by
friction is

2x224=4438]

By the work—energy principle

‘\‘ f/"fﬂ ,

The work done depends on the
normal reaction and the distance
moved. Both the reaction and the
distance are the same as the particle
moves from A to Band from Bto 4
=0 you can find the total work done
by friction by doubling your answer
to a

448 = %muz—%mvz “— —

= 2x40.6— 27

Ca 8].2;44.82 -

Az the particle 1z now at the same
lewel as it started, there 1z no change
it its potential energy. So the change
in mechanical energy is just the loss
in kinetic energy.

¥

V18,2 =4266

The speed of P when it returns to A is 4.3m s (25.£).

© Pearson Education Ltd 2C
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 46

Question:

‘I}

A ()
B(2m

0]

Two patticles 4 and B of mass # and 2 respectively are attached to the ends of a
light inextenzikle string The particle A lies on a rough plane inclined at an angle o

to the horizontal, where tan o= % The string passes over a small light pulley P fixed

at the top ofthe plane. The particle & hangs freely below P, as shown in the figure.
The particles are released from rest with the string taut and the section of the string
from A to Fparallel to a line of greatest slope of the plane. The coefficient of friction

ketween A and the plane iz -SE When each particle has moved a distance &, & has not
reached the ground and A has not reached F.

a Find an expression for the potential energy lost by the system when sach particle
has moved a distance k.

TWhen each patticle has moved a distance A, they are moving with speed v.

b TUsing the work—energy principle, find an expression for v*, giving vour answer
in the form kgh where & iz a number.

Solution:
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a tan0<i=3=:-sin&i=§,cos&t=§

3 *+—— Youcansketch a 3, 4, 5 triangle to

checl: these relations.

Az B descends a distance A, A moves a
distance & up the plane. Let the vertical
displacement of 4 be y.

The potential energy lost by B 15 2mgh. +——— & has mass 2m and descends a

distance %
The potential energy gained by A i3
gy = mg){%}g = %mg;g *—— A has mass m and ascends a vertical
distance ~k .
The net loss in potential energy of the 3
system 1s

2mgh — %mg}'z = %mgﬁz
h Ford

L.

l[.rf{‘__ , -

(T 7 4

Y g

Let the normal reaction between the particle

and the plane have magnitude X I

E(~) R=mgcosa=mgx§=§mg

The work done by friction 15 given by

worlk done = force distance moved
W = uR¥h
5.4 A
= gk‘gmgx}z—img}z
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The gain in kinetic energy is

%mv2 +1§ (Zriv® = %mv2 ]

EBaoth particles start from rest, so the
system has no initial kinetic energy.

The net loss of mechanical energy is

%mgﬁs—%mvﬂ -

Tzing the wotlc-energy principle

The total lozs in techanic energy is
the difference between the loss in
potential energy ¥ou wotked cutin a
less the kinetic energy gained.

1 _ 1 - T

£ R 1 _ 59

Sy = [5_5 ]mgﬂz S mgh
I " L] 1
voo= ﬁxmgﬂz—jgﬁe

The work done by friction against the
motion of the particle 4 equals the total
loss of energy of the system. Other than
gravity, there 1z no force acting on & The
only force causing the loss of mechanical
energy is the fiction acting on A

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 47

Question:

The engine of a car is working at a constant rate of & I'W in driving a car along a
straight horizontal road at 54 km h™' Find, in I, the magnitude of the resistance to
motion of the car

Solution:
54 km h!
-
RN FN
- . -

Let & N be the magnitude of the driving
torce produced by the engine and & N be the
magnitude of the resistance to motion

-+ This 1z Mewton's Second Law
E(—=) F-AR=0=R=F F =sma. Asthe car is travelling at a
constant speed the acceleration is
ZETO.
G W =60007W  -— Before you uze the formula P =My,

vou have to convert the data in
4 1000 P _1 | lalowatts and kalometres an hour into
2600 ms =15ms base ST units.

S4kmh™!

FE BES e
6000 F><15=>-F=$=400
Hence B=F =400

The resistance to motion has magnitude 400 B

Power =forcex speed

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 48

Question:

A lorry of mass 5000 kg mowes at a constant speed of 15m 5™ up a hill inclined at an

angle o to the horizontal, where sina= % The resistance experienced by the lorry

1z constant and has magnitude 2500 1.

Find, in k'W, the rate of worliing of the lorry's engine.

Solution:

5 1
A |f!l|1l~..__ -

FN
2500N_— . —

T

T S000g N

Let #M be the magnitude of the driving

force produced by the engine.

B F=wma a——’-"’_//

Lz the lotry iz travelling at a constant
speed, itz acceleration iz zero,

F=2500-5000gsine = 0O
F=2500+5000% Q.BK% = 2B26.6
P = Mv

The component of the weight down
the plane iz
S000g cos(f0 — o) =5000g sin o |

2826 63 15=42 400

F‘_‘_'_'_'_‘—‘—-—-—._

The rate of working of the lorry's engine 1s

42 KW (2 5.£)

F=Fv gives the answer in watts. To
give the answer in kilowatts, as the
question requires, you divide by
1000, Either 42 W or 42.4 kW

would be an acceptable answer,

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 49

Question:

A car of mass 400 kg 15 moving up a straight road inclined at an angle 2 to the

herizontal where sind = - The resistance to motion of the car from non-

engine iz 10 kKW
Find the value of &

Solution:

T d40g N

Let #M be the magnitude of the driving

14°
gravitational forces 1z modelled as a constant force of magnitude & newtons. When

the car is moving at a constant speed of 20 m s, the power developed by the car's

force produced by the engine. Before you use the formula

10w = 10000°W
F = Ffv

4+ P=Fv_ youhave to convert
kil owratts to watts.

10000 = Fx20l=F=500

ELM F
F—R—400gsind
o —

© Pearson Education Ltd 2C
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 50

Question:

A lorry of mass 1500 kg mowves along a straight horizontal road. The resistance to
motion of the lorry has magnitude 750 IT and the lorry's engine is working at a rate of

36 W

a Find the acceleration of the lorry when its speed is 20m 7.

1

The lorry comes to a hill inclined at an angle o to the horizontal, where sin = M-

The magnitude of the resistance to motion from non-gravitational forces remains
750 M. The lorry moves up the hill at a constant speed of 20m 7%

b Find the rate at which the lorry 15 now working.

Solution:
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ams-?

—

7508 1| FN

-—.—.-

1 15008 N

Let the acceleration of the lorry be @ m s~

and the driving force of the engine have

magnitude F17,

W = 36000 W — |
F = M

G000 = Fx20=F=1800

Ei—) F = ma
F—750 = 1500q

1800—750 = 15004

1800—750 _
1500

The acceleration of the lorry when the speed

-2

I must be converted to W

-
%

s 20ms iz 07ms

.l 1
R 20 |.1_|_ 5

F'N

e -
e I

750 N .|
- i
|

T 1500g N

Let the driving force of the engine
have magnitude & N.

Ei™ F=wma

F —750-1500gsin =0

Fo= ?50+1500><9.8><%=2220
P =

= 2220 20=44 400

The rate at which the lorry 1s now working

15444 1W. =

Thiz result iz only true at one
instant in time. The speed
would now increase and the
driving force and acceleration
decrease.

‘_-___‘_-—-—-_

The driving forces in a and b are
different and it iz a good idea to
avoid confusion by using
different symbols for the forces,

In this part of the question the

lotry 13 moving at a constant
/ speed and the acceleration 15 zero.

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

Review Exercise
Exercise A, Question 51

Question:

Acarof mase 1200 kg mowves along a straight herizontal road. The resistance to
motion of the car from non-gravitational forces i3 of constant magnitude 600 M. The
car mowes with constant speed and the engine of the car 1z working at a rate of

21 1
a Find the speed of the car.

._.
= -

The car moves up a hill inclined at an angle of to the horizontal, where sina =

The car's engine continues to work at 21 KW and the resistance to motion from non-
gravitational forces remains of magnitude 600 I,

b Find the constant speed at which the car moves up the hill.

Solution:
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a
wms|
BN ! FIN
* 1200g N
Let the speed of the car be wm s and the
driving force of the engine have magnitude
FN _ In both parts of this question, as
e /r the car iz moving with constant
speed, the acceleration is zero,
R{—=) F-600 = 0= F=6(00 S0 the wector sum of the forces
Folle acting on the car is zero.
_ _ 21000
21000 = &00u :M—W—BS
The speed of the car is 35m 7.
h
, vms!
F'N
oN__—@—
Y1200 N
Let the speed of the car be wm s The driving forces in a and b
and the driving force of the engine are different and it 15 a good
have magnitude 7 . = ideato avoid confusion by
uzing different symbols for the
R(/) F —1200gsina—600=0 fonzges:
Fo= 1200% 9.8><11—4+6UU =1440 Although there 15 an exact answer,
P = Fp 14%, a numerical value for g has
21000 = 1440v=v=14583 been used i the question and the
The constant speed of the car as it moves up answer should be rounded to 2
the hill is 15m s (2 s.£). significant figures. Three
significant figures (14.6) 13 also
acceptable.

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 52

Question:

A car of mass 800 kg tows a caravan of mass 480 kg along a straight level road. The
tow-bar connecting the car and the caravan 15 horizontal and of negligible mass. With

the car's engine working at a rate of 24 W, the car and caravan are travelling at a

constant speed of 25ms™.

a Calculate the magnitude of the total resistance to the motion of the car and the
Caravat,

The resistance to the motion of the car has magnitude B00A newtons and the
resistance to the motion of the caravan has magnitude 4804 newtons, where A 13 a
constant. Find

b the value of A,

¢ the tension in the tow-bar.

Solution:
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25ms!
-

Caravan

Car
4R0AN TN TN FN
- - = -
RO0OA N
480e N Ble N

a Let XN bethe magnitude of the driving

torce produced by the engine of the car and
A M be the total magnitude of the resistance

to the motion of both the car and the
caravan.

For the combined car and caravan
R F-RE=0=F=R

24 W = 24 000 W -
P = By

24000 = F><25=>F=@=950
R = F=90

When you consider the car and caravan
combined, the tensions at the ends the
tow-bar cancel one ancther out and can
be ignored. When you consider the
caravan and car separately, the tensions
hawe to be included in your equations.

The magnitude of the total resistance to the

motion of the car and carawvan 15 960 .

b
AR0A+8000 = 960 € |
_ _ a0
1280A=960=1 = ==075

The sum of'the resistances to the
caravan and the car must equal the
total resistance, 960 1.

¢ Let the magnitude of the tension in
the tow-bat be T,

For the caravan alone

4— Youcould consider the car alone. In that
case your worlking would be
F-T-B00A=0

T=F—-8004 =960-800%0.75=2380

R(—s) T-4801 0

T=4804 A80% 0,75 =360
The tension in the tow-bar 15 360 I

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 53

Question:

A car of mass 1000 kg is moving along a straight horizontal read. The resistance to

motion iz modelled as a constant force of magnitude & newtons. The engine of the car

is working at a constant rate of 12 KW, When the car is moving with speed 15m 57,

the acceleration of the caris 0.2 ms™ .

a Show that & =600

The car now moves with constant speed U m 5™ downhill on a straight road inclined
1
a
rate of 7 LW, The resistance to motion from non-gravitational forces remains of

magnitude & newtons

b Calculate the value of 7

at & to the horizental, where sinf = _—  The engine of the car 18 now working ata

Solution:
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L2 S )5y gl
-
[
RN FN
- . -
v 1000e N

a Let &N bethe magnitude of the driving
torce produced by the engine of the car.

12k = 12000%W
F = Fy
12000 = Fxla
F = 12000
T—BOD

TTzing Mewton's second law, the vector
Ei—) F ma
sum of the forces on the car equals the
F—R = 1000x02

mass times acceleration.
R = F-1000=x02

= B00—200=4600, as required

b
Ums-
| (_‘”_El -\_ Eesistance acts against motion. As the
FN__ . —— car i3 travelling down the hill, the
T resistance of 600 1 acts up the ill.
v 1000e N

Let the driving force of the engine have
magnitude & 1.

R(/IF +1000gsin 6 — 600

0 +——- : :
Az the car 15 travelling at a constant

F =600—1000% 9.8}(% = 355 speed, there 15 no acceleration.
TIEW = T000°W
P = £y
000 = 353507
__Hoo _ i
o = ﬁ—IQ.TIB...—EU(h.f)

© Pearson Education Ltd 2C
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Review Exercise
Exercise A, Question 54

Question:

A car of mass 1000 kg 15 moving along a straight road with constant acceleration
F m s The resistance to motion is modelled as a constant force of magnitude

1200 M. When the car is travelling at 12m s, the power generated by the engine of
the car is 24 LW,

a Calculate the value of /£

When the car is travelling at 14m 7, the engine is switched off and the car comes to
rest without bralting in a distance & metres.

b Assuming the same model for resistance, use the work—energy principle to
calculate the value of &

¢  Give a reason why the model uzed for resistance may not be realistic.

Solution:

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



Heinemann Solutionbank: Mechanics 2

izooN ! FN

- -

T ||'(||'-_: M

a Let & N be the magnitude of the driving
torce produced by the engine of the car.

24 W 24000 W
F = fv
24 000 Fele=F=2000

FRa

1000 7

1000f = f =202 =038

R(—=) F
F—1200

2000-1200

b The kinetic energy, in I, lost as the car 1z

brought to rest 13

%mﬂ =%mr::ucu><142 = 98000

Wortlk done by resistance Energy lost

Eesistance distance Energy lost

12004 = 55000
98000 .2
d = 1200 81?

/

The final kinetic energy is zero.

H"’

¢ Fesistance usually varies with speed «—

© Pearson Education Ltd 2C
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Teou use the wotk-energy
principle. The work done by
the resistance (1200 M in
bringing the car to rest iz
equal to the kinetic energy
lev st

Az the speed slows down, the
resistance to motion usually
decreases. In this case, this
tnight mean that the car would
trawvel further.
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Review Exercise
Exercise A, Question 55

Question:

8 ms!

The figure shows the path taken by a cyclist in travelling on a section of aroad When
the cyclist comes to the point A onthe top of the hill she is travelling at 8m . She

descends a wertical distance of 20 m to the bottom of the hull. The road then rises to
the point & through a vertical distance of 12 m. When she reaches 5 her speed is

Sm 57 The total mass of the cyclist and the cycle is 80 kg and the total distance

along the road from A to B4z 500 m. By modelling the resistance to the motion of the
cyclist as of constant magnitude 20 M,

a findthe work done by the cyclist in mowving from 4 to 5.
At Bthe road iz herizontal

b Given that at B the cyclist is accelerating at 0.5m s, find the power generated
by the cyclist at &,

Solution:
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a Fromdto B, the cyclist descends
(20-12'm==8m

The potential energy, in J, lost in travelling
from A to Bis given by

mgh=80x 2 8xE=6272

The kinetic energy, in I, lost in travelling
from A to Bis given by
1 2 1 2 1

2 2
=M — =Y = =¥ —V
2 2 2 ( )

40(82—52)=156D

The total mechanical energy lost is

(B2 415600 T="7832T

The work done by resistance due to non-
gravitational forces 1z given by

W

force  distance moved
= 20 500=10000

(10000-7832)T=2168] «——

The work done by the cyclist in mowving
from A te Bi1s 22007 (2 s £

b At B, let the force generated by the cyclist
be FTT

Ei—= F = ma
F=20 = B0x=0.3
F = Fv
= 60x5=300
The power generated by the cyclist 12 200 W

© Pearson Education Ltd 2C

Whatewer the path taken, the
potential energy lost in
travelling from A to B
depends solely on the
difference in levels between A
and &,

The non-gravitational resistances
to totion have wotked 10 000 T
against the motion However, the
mechanical energy lost 15 anly
7852 ] The difference between
these values 15 the worl that has
been done by the cyclist
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Review Exercise
Exercise A, Question 56

Question:

A van of mass 1300 kg 1z driving up a straight road inclined at an angle o to the
1
iz
1z modelled as a constant force of magnitude 1000 I

horizontal, where sin o= — . The resistance to motion due to non-gravitational forces

a Given that initially the speed of the van is 30m s and that the van's engine is

wotlting at a rate of 60 W, calculate the magnitude of the initial deceleration of
the van

When travelling up the same hill, the rate of working of the wan's engine is increased

to B0 LW,

b Using the same model for the resistance due to non-gravitational forces, calculate
in m s~ the constant speed which can be sustained by the van at this rate of
wotling

¢ ive one reason why the use of this model for resistance may mean your answer
to part b 1s too high.

Solution:
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am s
- 5 1 |
A K] |1_1_h__ -

000N _— _.;_—_ e

— 1

¥ 1500¢ N

a Let &N bethe magnitude of the driving
torce produced by the engine of the van and
am s be the acceleration of the van.

E0LW = &00007W

F o=
0000 = Fx30=F=2000
E(™ F=sma

F=1000-1500gsin & =1500x%a

1500z = 2000—1000—15}(9.8)(%:—225
L -—
@ = —im 015

The deceleration of the vanis 0.15m 7

b Let #'N bethe magnitude of the driving
force produced by the engine of the van at
the increased power and wm s~ be the
constant speed.

R(/) F—1000—1500gsine = 0 ©

F =100041500% 9.8><%= 2225w

BOKW = B00007%W
P = M

g0000=22250 =u= 8000 35,955
2225

The constant speed is 36m s (2 500

¢ The resistance usually increases with speed.  +—

The equation * in b would then give an
increased value of 5.

A v=8l:|‘pﬂ, an increased value of '

gives a lower value of v, and the answerin b
would be too high

© Pearson Education Ltd 2C
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From the wording of the
gquestion, you would expect @
to be negative and this gives

vou a check on your worliing,

A commen error 15 to leave
the answer as —0.15. That 1s
the acceleration and you hawe
been asked for the
deceleration.

In b, the van iz travelling at a
constant speed and the
acceleration 18 zero.

resistances to motion are

Tnless the speed iz very high,

uzually proportional to speed.
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Review Exercise
Exercise A, Question 57

Question:

A model car has weight 200 I, It undergoes tests on a straight hill inclined at an
angle of tothe horizontal, where sine= % The engine of the car wotks ata

constant rate of & watts.

When the car goes up the hill it is observed to travel at a constant speed of 8m a7

iven that the total resistance to the motion of the car from forces other than gravity
15 & newtons,

a express Finterms of B

When the car runs down the same hill with the engine running at the same rate, it is

observed to travel at a constant speed of 24 m 57,

In an initial model of the situation the resistance to motion due to non-gravitational
forces 15 assumed to be constant whatever the speed of the car

b Tlaing this model, find an estimate for the value of F.

In a refined model the resistance to motion due to non-grawvitational forces 15 assumed
to be proportional to the speed of the car.

¢  sing this model, find a revised estimate for F.

Solution:
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a
Bms! _
RN _— e
—Ta |
} 200N
Let & M be the magnitude of the driving
torce produced by the engine of the model
car.
F = M -
F = FxE=F =§ (1
R(MF—R—200sina = 0
F=R+200x1-=R+20 (2
Elitninating F from (1) and (2)
L e R+20
8
F = B(R+2z20 (3
b
\ 24 m _w__"__.
R

200 M

Let & N be the magnitude of the driving

force produced by the engine of the model
car ag it moves downhill.

F=Fv
1 il P
P=Fx2d=F=— (<
24
RGAF —R+200sina = 0
F'=R—200><% = R—20 (5
Eliminating & from (4) and (5)

To obtain an expression for F
i terms of &, yvou will have to
elitninate & frotm the two
equations you get from
F=HFv and resolwing up the
hall

Tou have been given the
weight of the model car in
newtons and not the mass in
kilograms. g iz not needed. It
15 a commen error, when not
reading the question carefully,
to add g when weights are
given and not masses,

i
24
P

= RE-20

DACR—20)  (6)

Tou start b by repeating a,
with the directions of the
driwing force and resistance
reversed. You canthen find &
and F by solving
simmultanecus equations.
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} 200N

Let & M be the magnitude of the driving
Eliminating F from (3) and (&)

BLE+20) 24(R -2
BE4160 = 24R—480
168 = é40=H=40
Substituting & =40 into (&)

P =24(40 - 20) = 480

: , _ The speedine, 24 m 57 s
¢ When the resistance 15 proportional to the

: e three times the speed in a
speed, equation (47 15 still correct

Sm s Ifthe resistance is

- L proportional to the speed, the
R()F ?)_R +200sina =0 resistance in ¢ must be three

F =3R— 200><% =2R—20_.14ms™> (5" | timesthe resistance ina Ina
the resistance 15 &, so here 1t
12 3E Solving c, is essentially
arepeat of b, replacing B by

Eliminating 7 from (4) and (5)

E = 3R—20 3R where appropriate.
24
P = 24(3R-200 (&

Eliminating P from (3) and (6)

S(R420) = 24(38R—20)
SR+160 = 72R—480
64R = 640=R=10

The answer here is half the answer in b,
Substituting R =10 into (&) In many questions, 1t 1s assumed that
P=24(30-20)=240 «— | resistance is a constant and you are
sometimes asked to comment on this,
This question shows the error which
can follow from such an assumption.

© Pearson Education Ltd 2C
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Solutionbank M2
Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 58

Question:

A car of mass 1000 kg 1z towing a trailer of mass 1500 kg along a straight horizontal
road. The tow-bar joining the car to the trailer 13 modelled as a light rod parallel to the
road. The total resistance to motion of the car 15 modelled as having constant
tagnitude 750 1. The total resistance to motion of the tratler iz modelled as a force
of magnitude & newtons, where X ig a constant. When the engine iz working at a rate

of 50 KW, the car and the trailer travel at a constant speed of 25m s,
a Show that 8 =1250.

When travelling at 25 m s the driver of the car disengages the engine and applies

the brakes. The brakes provide a constant braking force of magnitude 1500 H to the

cat. The resisting forces of magnitude 750 W and 1250 M are assumed to remain
unchanged. Calculate

b the deceleration of the car while braking,
the thrust in the tow-bar while braking,

d the work done, in kT, by the braking force in bringing the car and the trailer to
rest.

e Suggest how the modelling assumption that the resistances to motion are constant
could be refined to be more realistic,

Solution:
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a
25ms!
Trailer Car
i
FN
RN S - . S
TSOMN
150Me N T IMKe N
Let 7 I be the magnitude of the driving
torce produced by the engine ofthe car.
S0KW = 300007
F o= fy
50000 = Fw2i=F=2000
For the car and trailer combined
B{—F-T00-FE=0 -
R=F-="700=2000-730=1250, az required
b

When vou consider the car
and trailer combined, the
tensions at the ends the tow-
bar cancel one another out
and can be ignored.

ams?
—
Trailer Car
i [
Y
1250 M TN '™ 1 500 N
" . _H” \ .
v 1500¢g N Y IO N

Let the acceleration of the car while braking

2
be ams™.

For the car and trailer combined

Ei—=) F = ma
=1500=-750-1250 = 2500a
S _ 3500 @
2500 =-3500=a = =T 1.4
The deceleration of the car while braking 13

1d4ms™.
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Asgthe car brales, the forces
in the tow-bar are thrusts and
act in the directions shown in
this diagram. The forces inthe
tow-bar 1n a are tensions and
act in the opposite directions
to thrusts.
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C

Let the magnitude of the thrust in the
tow-bar while braking be T17.

For the trailer alone
E{i—=) F = ma
—1250-7 = 1500a=1500%(-1.4)

T = 1500x1.4-1250 =550

The magnitude of the thrust in the tow-bar
while braking is 850 I,

d To find the distance travelled 1n coming to rest

2
WV

02

=

=1’ + 2as i
= 25 +2xi{—14)s
_. 2

P

The wotk done, in T, by the braking force of
1500 M iz given by

W

The wotlk done by a force 15 its
magnitude multiplied by the
distance moved by itz point of
application. This formula you
learnt for the M1 module gives
vou a straightforward way of
finding thiz distance.

R 25w
=1500 x5 = 1500 > = 334 821

The work done by the braking force in

bringing the car and the trailer to rest iz
EERR ANER-R SN

e The resistance could be modelled as wvarying
with speed.

© Pearson Education Ltd 2C
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 59

Question:

tm sl

A particle P is projected from a point A with speed wm 5™ at an angle of elevation
&, where cosf = % The point B, on horizontal ground, is vertically below A and

AF=45m . After projection, & mowves freely under gravity passing through a point
', 30 m abowe the horizontal ground, before striking the ground at the point £, as
shown in the figure abowe.

Given that P passes through O with speed 24 5ms™,

a using conservation of energy, or otherwise, show that =175,

b findthe size of the angle which the velocity of F malces with the horizontal as P
passes through O

¢ findthe distance 80

Solution:
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a The wertical distance fallen by P in mowing

fromAte Ciz (45-30m=15m.

Tzing the principle of conservation of energy,

Einetic energy gained = Potential energy lost
L Lyt = i)

1 212 _
i><24.5 S 2.8x15

o= 2452w 98w15=230625

VA06. 25 =175, as required

i =

The mass of the particle cancels
throughout thiz equation The
caleulations in this question are
independent of the mass of 2

Thiz equation has a similar form to

v =1 + 2as . However, it would be
an error to use this formula, which iz a
formula for motion in a straight line,

as P iz not moving in a straight line,

velocity iz constant throughout

4 ‘_/_/_/_,_// The horizontal component of the
h E({—=) ux=ucosﬁ'=17.5><g=l4

Let the required angle be

S
cosy = ST

W= 55157 =55 (nearest degree)

e R(D u, =usin8=1?.5)<§=10.5

To find the time taken for P to mowe from
Ato D)
R(’D g = u.ﬁ+%a.ﬁ2
-45 = 10.5¢—4.9*
49 -10%-45 = 0
4942 -105%-450 = 0
(fe—-307+12y = 0 -

the motion.

At O the velocity of P and itz
components are illustrated in this

diagram.
14
™, | ]
\\.-"'l W
My
“ 7
245 N
,
M,
h
\

Y can now be found using

trigonometry. There 15 no need to
find the wertical component of the
velocity at O

£=E, as £ = 0]
7
E{—=) distance = speed¥time
- 30 _
= 14><T— &0
8D = 6&0m

© Pearson Education Ltd 2C
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and you can use the formula for a
gquadratic. Tou should, however,
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Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 60

Question:

20 m 5!

In a ski-jump competition, a skier of mass 80 kg mowes from rest atapoint A ona
ski-glope. The skier's path is an arc 458 The starting point 4 of the slope 12 32.5 m
abowe horizontal ground. The end B of the slope 12 8.1 m abowe the ground. When the

skier reaches B she is travelling at 20 m 5™ and moving upwards at an angle o to the
horizontal, where tan e = % . as shown in the figure. The distance along the slope
from A to B 1z 60 m. The resistance to motion while she 15 on the slope 13 modelled as
aforce of constant magnitude R newtons.

a By using the work—energy principle, find the value of &

On reaching B, the skier then mowves through the air and reaches the ground at the
point O The meotion of the skier in mowing from B to O 12 modelled as that of a
particle moving freely under gravity.

b Find the time the skier talees to mowve from 5to O
¢ Find the horizontal distance from 5 to C.

d Find the speed of the skier immediately before she reaches

Solution:
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a The kinetic energy, in I, gained in moving
from A to B is
1

2= %SUK 20% =16 000

The potential energy, in J, lost in moving
from A to B 1z

mgh=40X 98X (32.5-8.1)=19129.6

The net loss of mechanical energy is

(191296—16 0000 T=5312%967 -—

The net loss in mechanical
energy i the worl: done by
the resistance to motion.

The wotk done by the resisting force of B
newtons, in I, 18 given by

W orle

force » distance
el

By the work—energy principle

60R = 3129.6
R = APL=5505=52 2k
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al s

h tanOc:%:}sinO::jE,cosO::

R(—=) #,

R(T) u,

S0coss :zox%‘ =16

2osino::20><§:12

To find the time talcen to move from B to &
RO s = ui+gai’

28 =

4.9:2 12081 = 0

49:2 —120¢—81

it =245 4+ 27
=3 azf=10

0

The time taken to move from Bto O 15 5 5.

c — distance = speed¥time

= 1&6¥3=48
The horizontal distance from & to O 1348 m.

d Let the speed of the skier immediately

before reaching C'be wm s~

Youcan sketcha3, 4, 5
triangle to check these
relations.

126 —4.9¢* s TR
Eearranging the quadratic
0 / and multiplying by 10,

Tzing conservation of energy
1 1 i
w = vV +2gk

= 0P 4+2x98%wR1=55876

w = 50876 =23638__.

The speed of the skier immediately before
reaching C'is 24 m s (2 a£).

Cancelling the s and rearranging
the formula. This result 15 similar
to vt =5 + 2as . However, it
would be an error to use this
formula, which 15 a formula for
motion in a straight line, as the
skier iz not moving in a straight
line. ¥ou must establizh the result
uzing the principle of
conservation of energy.
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