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Review Exercise
Exercise A, Question 1

Question:
A train decelerates uniformly from 35 m $to 21 m s~ 1 in a distance of 350 m. Calculate
a the deceleration,

b the total time taken, under this deceleratiorzdime to rest from a speed35ms =1,

Solution:

a w=35v=2l5=350.g=" There is no t here, so you choose the
Rzl o .._._-4—-—--"': formula without 1, v* = u” +2as.
21* =357 +2x5%350
21* -35°
g=———=-1.12
700

The deceleration of the trainis 1.12m s ™.

b w=35v=0,a=-1.12,1="7 . :
b tat \ You use the value of @ you found in part a
0=35-1.121 in part b. As the train is decelerating, a is
B 35 T negative.
t=—-=31.25
1.12

The total time taken to come to rest is 31.25 s.
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Question:

In taking off, an aircraft moves on a straight ra@ywhB of length 1.2 km. The aircraft moves freawith initial speed 2 m s1. It
moves with constant acceleration and 20s latesités the runway & with speed 74 ms1. Find

a the acceleration of the aircraft,

b the distancBC.

Solution:

There is no s here, so you choose the

=2.1=20,v=T4,a=" : :
a2 u r=20 ‘ F formula without s, v=w+at.
v=u+at

74=2+20a
74-2
a= =
20
The acceleration of the aircraft is 3.6 ms . Youcould use the value of @ you found
4 i in part a but, if it can be avoided without
b u=2,1=20,v=74,5=7 < causing a lot of extra work, it is safer not
oo WY, to use your answer from a. Everyone
L2 makes mistakes from time to time!
4
:(2” Jxﬂ}:?ﬁﬂ
2
Take-off point C
+— 760m ——» b
4 e | B
< 1200m ———*

The aircraft takes off 760 m from its
The distance AC is 760 m. starting point A. The runway is 1.2 km,

The distance BC is (1200—760)m = 440 m which is 1200 m, long. So the aircraft is
(1200-760)m from the end C of the

runway.
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Question:

A car is moving along a straight horizontal road @abnstant speed of 18 m & At the instant when the car passes a lay-by, a
motorcyclist leaves the lay-by, starting from restd moves with constant acceleration 2.5T8 & pursuit of the car. Given that
the motorcyclist overtakes the ¢aseconds after leaving the lay-by, calculate

a the value off,

b the speed of the motorcyclist at the instant akpay the ca

Solution:

a  Afier time 4, let the distance moved by the car be s,

and the distance moved by the motor cycle s, .

The distance moved by the car is given by

gl ——— |

The distance moved by the motor cycle is given by

1 , -
.-.':ulf+~2—ai". with u=0 and a=2.5

s, = er+—;-x2,53‘: ~1.25¢°

The car is travelling at a constant speed,
50 you use distance = speed x time to

obtain an expression for the distance
moved by the car.

When =T, 5 =5

1.25T:—IBT=T{I.25T—I3}=U\
18

T'=——=144
1.25
b wu=0ag=251=144,v="1

v=u+al

=0+25x144=36

The speed of the motor cycle at the instant of passing

= 1
the caris 36 ms
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As the car and the motor cycle were
level at the lay-by, when the motor cycle
overtakes the car, they have travelled the
same distance. Equating s, to 5, gives

and equation you can solve.

T"=0 is a solution of this equation but
that is the time at the lay-by and can be
ignored.
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Question:

A particle moves with constant acceleration aldrgdtraight lin€OLM and passes through the poi@td. andM attimes 0's, 4 s
and 10 s respectively. Given thalt = 14 m andOM = 50 m, find

a the acceleration of the particle,

b the speed of the particle M.

Solution:
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vms
e
' e ?
0 L M
+|4 m» You are asked to find two variables in
+— S0m —» this question, @ and v. You are given
information about two variables, r and s.
You are neither given any information
nor asked about the initial speed u. The
most efficient way of solving the
question is to use the formula without u,
From L to M _ | . bl |
The particle takes (10—-4)s =65 to travel #= ¥ galii TS SNADIES Yo 10 6Dive
a distance (50—14)m=36m. both parts of the question together.

t=0,5=36,0=2,v=2
L3
S=v—-—a
2

35:51;—%(:%3 e T
= v—3a=6...... (1)

You obtain two linear simultaneous
equations from the data. You solve
these in the way you learnt for
GCSE.

FromOto M, t=10,5=50,a=7,v="7

s=w——ar3
2

50=|Gv—%ax]ﬂ: = 10v-50a =50 /

= v—5a=5... (2)

(1) - (2)
2a=1 = a=0.5

The acceleration of the particle is 0.5ms .

b  Substitute a=0.5 into (1)
v=1.5=6 = v=75

The speed of the particle at Mis 7.5ms "
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Question:

A particleP moves in a straight line with constant retardatiinthe instants wheR passes through the poiftsB andC, it is
moving with speeds 10 ms, 7 m s~ 1and 3 m s 1 respectively.

AB 51
Show thatE =70 -
Solution:
10ms™ Tms™ 3ms”
—» — —»
A4 B c You are given information about
speeds and asked about distances.
From 4 to B p

Time will not come into the question,
so it is reasonable to try and make
two equations with v* =" +2as.

u=10,v="7,5=AB
Vv o=u" +2as -
7° =10 +2ax AB

2ax AB=49-100=-51 ... ... (1)

From Bto C
u=7,v=3,s=8C
v =u’+2as
3*=7*+2axBC

2axBC=9-49=-40 ...... (2) Dividing equation (1) by equation (2), 2a is
in both the numerator and denominator of the
(1) = (2) fraction and so can be “cancelled”.

24 xAB 51 5l

264xBC —40 40

AB 51 :
— =—, as required.
BC 40
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Question:

A car moving with uniform acceleration along a gfha level road, passed poirdsandB when moving with speed 6 nT$ and
14 m <~ Lrespectively. Find the speed of the car at therighat it passeC, the mic-point of AB.

Solution:
6ms’ yms 14ms™’
— — —
A: xm :C': X m "I'B Y ou do not know the distances but as C

is the mid-point of A8 if you let AC be
x, then AB = 2x. This use of x as the
unknown allows you to form equations.

From 4 to B

=6,v=14,5=48B=2x

v =u" +2as

14" =6" +2ax2x = 196 =36+4ax You are given information about speeds
19636 and distances.

ax =

=40 Time will not come into the question, so it
is reasonable to try and make two

From A to C equations with v =u® +2as.
H=6,s=AC=x,v="
v =u’ +2as

=6"+2ax=36+2x40=116
v=v116=10.8
The speed of the car at C'is 10.8 m s '(3 s.f).
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Question:

A particleP is moving along the-axis with constant deceleration 3 m% At timet = 0 s,P is passing through the origand is
moving with speedi m s~ 1in the direction ok increasing. At timé = 8 s,P is instantaneously at rest at the p@énEind

a the value ofy,
b the distanc©A,

c the times at whicP is 24 m fromA.

Solution:
a
ums’' Oms™
—> —_—
. | g
0 A : ) :
Instantaneously at rest’ is translated into
24 m-—»

algebra as v=0.

a==3,1=8v=0,u="?

v=u+al
O=u-3x8 = u=24

b a=-3,1=8,v=0,5="7 You do not need u here, since you can use
1 .

i ‘/> i sy Ll

pamae _Ear. the formula without », 5 = w 5 al”.

:UxS—%x[—J}sz =96
OA=9m

c 24 m from A 15 [96—24}m =72m from J
s=T2 a==3, u=24,t="7

P
s =uf +—af
2

72 =241+ -_1—:-:(-3}::#: =24t -1.5¢
- < k___________(___._.-—’ Multiply the equation by 2 and rearrange.
347 - 48 +144 =0
Dividing throughout by 3 :
R 16;;43 B ﬁ Y 4}{’3’_ I:}N You may use any method to solve the quadratic
- = equation but if you did use the formula you

1=4,12 would be expected to obtain exact answers.
Pis24 mfor Aattimes f=4s and =125,
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Question:

Pagel of 1

A train moves along a straight track with consteteleration. Three telegraph poles are set at @gaevals beside the track at poirtsB and
C, whereAB = 50 m andBC = 50 m. The front of the train pass&svith speed 22.5 msl, and 2 s later it passBs Find

athe acceleration of the train,

b the speed of the front of the train when it passes

c the time that elapses from the instant the fréhe train passeB to the instant it passcC.

Solution:
a

22.5ms"

—
* } |
A B
+—50m—p»e+—— 50m —»

From A to B

There is no v here, so you use the formula

u=225s5=50,r=2,a="4

b /
S=ul+—ar
2

50 = 22.5><2+%m<2: =454+ 2q

=JU_45=2.5

a

The acceleration of the train is 2.5 ms >,

b From A4 to C

H=2255=100,a=25v=" There is no ¢ here, so you choose the
v =u’ +2as .,-———/‘> formula without #, v* =u* + 2as.

=225 +2x2.5x100 =1006.25
v=v1006.25=31.7 ...

The speed at Cis 31.7ms ' (3 s.f.). «+————— reasonable to give your answer to 3

c To find time from A to C
=225 v=v1006.25a=251t="
v=u+af
V100625 =22.5+2.5¢
" V1006.25-22.5

B 2.5
The time from B to C is
(3.69-2)s=1.69s(3 s.f).

=3.688 ...

© Pearson Education Ltd 2C

: 1 .
without v, 5 = m+5u.f'.

Where no accuracy is specified, it is

significant figures.

It is possible to find the time directly using
1 ; ’
s=v —Em'" but this would give an awkward

quadratic with difficult coefficients. v =u+at
is easy to use and, in this case, it is easy to
adjust the time found, from 4 to C, by
subtracting the time taken to go from A4 to 5.
This gives the time from B to C as required,
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Question:

A particle X, moving along a straight line with constant spéed s~ 1, passes through a fixed po®t Two seconds later, another
particleY, moving along the same straight line and in theesdirection, passes throughwith speed 6 m 1. The particley is
moving with constant deceleration 2 m%

a Write down expressions for the velocity and disptaent of each particteseconds afteY passed throug®.

b Find the shortest distance between the partiftesthey have both passed throu@h

¢ Find the value ot when the distance between the particles has isede® 23 n

Solution:

a For X, let the velocity at time ¢ second

be v, ms™ and the displacement 5, m. f seconds is the time since } passed through
v =4 0. X passed through O 2 seconds earlier, so
s, =4(1+2) < itis (7+2)s since X passed through O.

As Xis moving with constant speed,

For Y, let the velocity at time ¢ second distance = speed x time.

be v, ms™' and the displacement s, m.

u=6a=-2
v, =u+at
=6-21

1
s =ut+—at”
2

=6t =1

b The distance between X and VY, d say, is given by
d=s,—s, =4(t +1}—{6.‘—!: ]

All real numbers squared are non-negative,

=8-2t+1° So {r—l}r =0 and it follows that

=7 +1-2+r
=74+(1-1) 27 =

The shortest distance is 7 m.

a

T+(t-1) 27+0=7.

There are alternative solutions using
differentiation.

¢ 7+(r-1) =23
(¢ |f =16 The negative square root of 16, —4, gives
pofed o t ==3. This can be ignored as the time
r: would be before Y passed through O.
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Question:

A stone is projected vertically upwards from a péirwith initial speedu m s~ 1. It takes 3.5 s to reach its maximum height above
A. Find

a the value ofy,

b the maximum height of the stone abA.

Solution:

a  Taking the upwards direction as positive. At the greatest height the stone is
instantaneously at rest. In algebra, v=0.

v=0r=35a=-98u="

v=u+al
O=u-98x3.5
=343
When you model an object moving in a
u=34(2s.f) vertically as a particle moving with constant
acceleration of magnitude 9.8 ms ™, you
b v=0,t=35a=-98s="? should give your answers corrected to 2

significant figures. You should, however,
show your working to at least 3 significant

1 ) figures.
=0- = x(-9.8)x3.5" =60.025

|
s=v——at”
Z

The maximum height above A is 60 m (2 s.1.).

© Pearson Education Ltd 2C
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Question:
A small ball is projected vertically upwards fronpaint A. The greatest height reached by the ball is 4boveA. Calculate
a the speed of projection,

b the time between the instant that the ball isqutgd and the instant it returnsA.

Solution:

a  Taking the upwards direction as positive.
s=40,v=0,a=-98,u="

vV =u 4+ 2:;\ At the greatest height the velocity

0 =1’ —2x9.8x40 of the ball is instantaneously zero.

u’ =784 = u=28 ...
The speed of projection is 28 ms ™.

When the ball returns to A, its

/ displacement from A is zero.

b s=0,u=28,a=-98,1="7

|
s=ut+—at”
2

0=28-4.9" =1(28-4.9)
28 The solution ¢ = 0 represents the time of

t=0,1= 29 5.714 ... s || projection. You choose the other solution

The time taken to return to A is 5.7 s, (2 s.f.). for the time of return.

© Pearson Education Ltd 2C
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Question:

A ball is projected vertically upwards and takese8onds to reach its highest point. At tinseconds, the ball is 39.2 m above its
point of projection. Find the possible valuest.

Solution:
Find the speed of projection. There are two values of 1, one as the ball
Taking the upwards direction as positive. ascends and one as it descends. To find two

v=0,t=3,a=-98 u="? \ values of ¢, you will need to form a

_ . . ' | -

psr quadratic equation using s = uf +—at" .
0=u-98x3 = u=294 2

Before you can do this, you will need to use

§=392.u=294,a=-98.1=" the information, that the ball reaches its
greatest height in 3 s, to find w.

l...22
S=uwt+—at”
2

39.2=29.41-4.9¢+ :
4911 -2941+392=0 = You may solve the quadratic h?r any exact mf:thod.
Dividing all the terms by 4.9 gives a quadratic
equation with integer coefficients, this equation

Dividing all terms by 4.9

"—61+8=0 factorises easily.
(1-2)(1-4)=0
1=2,4

© Pearson Education Ltd 2C
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Question:

A stone is thrown vertically upwards with speed 16 i from a pointh metres above the ground. The stone hits the gréusnd
later. Find

a the value oh,

b the speed of the stone as it hits the grc

Solution:

4 /\

z

E + A

& l6ms’

= : &

2

5

‘& hm T
=

(T8

When the stone hits the ground, it is &
metres below the point of projection and
so the displacement, s, is “minus /™.

Ground

a u=16a=-98r=4s5=-h

S—_-m‘-l-lci‘f:
)
—h=16%x4—49x4’
=-14.4
h=14 (2 s.6).

; The velocity, vms ' ,is -23.2 ms’
b u=16a=-98r=4,v="? : . .
because when the stone hits the ground it is
v=u+al . e
moving downwards and the positive
=16-9.8x4=-23.2 ki
k o direction has been taken upwards. However,
The speed of the stone as it hits the groun have been asked for the speed of th
% gy o you have been asked for the speed of the
is 23ms™ (2 s.1). stone as it hits the ground and speed is the
magnitude of the velocity, 23 ms ™' (2s.f).

© Pearson Education Ltd 2C
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Question:

Pagel of 1

Two balls are projected simultaneously from twonp®A andB. The pointA is 54 m vertically belovB. Initially one ball is projected frorA
towardsB with speed 15 m s1. At the same time the other ball is projected fi@towardsA with speed 12 ms1.

Find the distance betweA and the point where the balls colli

Solution:

1
a4 12ms l

5 point of collision

54 m

Pl
¥Y15ms™ l

From B, take the downwards direction as positive
=12, a=98

1 .,
s =ut+—at”
2

=12t +498 ... ... (P

From A, take the upwards direction as positive
u=15a=-938

1 .
S =ul+—at”
2 /
2

You can form an equation in ¢ using the
relation that, at the point of collision, the
displacement downwards of the ball
projected from B added to the
displacement upwards of the ball
projected from A is 54 m, the distance
between 4 and B.

=15t-4.9 ......(2)
(1) +(2)
5,45, =12t +4.967 4151498 «—
54 =27t
=2

Substitute ¢ =2 into (2)
5, =15x2-49x2" =104

The balls collide at a point 10 m (2 s.f.) above A.

© Pearson Education Ltd 2C
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Question:

Pagel of 1

6
A particle is projected vertically upwards from aint A with speeds m s~ 1. The particle takes 2 storeach its greatestieig

aboveA. Find

a the value ofy,

1
b the total time for which the particle is more tHah7, m aboveA.

Solution:

a

Taking upwards as the positive direction
6
v=0,g=-98t=2—=—,u="
7
v=u+ar
)
0 :n—'}.Ex'—O
7

"
::='-'}.8><"TU=28

s=175u=28,a=-981="7
|
s=ut+—at”

17.5 =28 —4.9¢
4,91 - 28t +17.5=0
Divide all terms by 0.7
T2 -4 +25=0

; i ]
The particle passes through the point I'.."._-}. m

above A twice. The first time is as it ascends.
The second, as it descends. The first stage of
the solution to part (b) is to find the two
values of r when these happen.

(7t=5)(t-5)=0

5
f==.5

7 -+

I'he time for which the particle is more than 17—m

|
above A4 15 [5*—]5:4—5. =
7 7

The difference between these times is the
total time for which the particle is more

than ]‘?;m above A.

This 1s an exact answer and can be left as it
is. 4.3 s would also be an acceptable answer.

© Pearson Education Ltd 2C
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Question:

Pagel of 1

A particle moves along a horizontal straight lillhe particle starts from rest, accelerates at 2’ hfer 3 seconds, and then
decelerates at a constant rate coming to resfurtter 8 seconds.

a Sketch a speed-time graph to illustrate the maifdhe particle.

b Find the total distance travelled by the partdueing these 11 secon

Solution:

1 :
b Area :;basc: « height

To find the velocity after 3 seconds
n=0,a=2,t=3,v="?

v=u+at
v=0+2x3=6( %
v(ms'}“
T
K 1 1s)

s=lllx6=33
2

You need to find the speed after 3 seconds, both
to draw the graph in part (a) and to calculate the
area of the triangle in part (b). You can do this
either by using v=wu+at, as is shown here, or
by using the key point that the gradient of a
speed-time graph represents the acceleration.

The area of the triangle between the speed-
time graph and the axis represents the distance
travelled.

The total distance travelled by the particle is 33 m.

© Pearson Education Ltd 2C
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Question:

A man is driving a car on a straight horizontaldolde sees a junctid®ahead, at which he must stop. When the car eghaintP,
300 m fromS, its speed is 30 m's. The car continues at this constant speed faaffes passind®. The man then applies the bra
so that the car has constant deceleration and ctumest aS.

a Sketch a speed-time graph to illustrate the matfthe car in moving fror® to S.

b Find the time taken by the car to travel frPto S.

Solution:

a
v(ms™')4

30

ol 2 ((s)

— 7T —»

b Let T seconds be the time taken to travel from 4 to B.

The area of the trapezium between the

P l;{aw},r? «—— | speed-time graph and the axis represents

< the distance travelled.
300= %{2 + T]x 30

You know that the distance is 300 m. The

=15(2+7T)=30+15T shorter of the parallel sides nf'.thc trapezium
300-30 represents 2 s and the longer side 7 seconds.
T="—_""=1R8 Y ou then form an equation using the formula
15 for the area and solve it for T.

The car takes 18 s to travel from A to B.

© Pearson Education Ltd 2C
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Question:

v(ms ') 4

>

t(s)

:? -
The figure shows the speed-time graph of a cylsting on a straight road over a 7 s period. Tleticses of the graph from= 0
tot = 3, and front = 3 tot = 7, are straight lines. The section from 3 tot = 7 is parallel to thé-axis.

State what can be deduced about the motion ofyttlesstfrom the fact that

athe graph fromt = 0 tot = 3 is a straight line,

b the graph fromt = 3 tot = 7 is parallel to thé-axis.

¢ Find the distance travelled by the cyclist duttinig 7 s perioc

Solution:

a  For the first 3 s the cyclist is moving with
constant acceleration.

The area, representing the
b  For the remaining 4 s the cyclist is moving distance travelled, is made up of
with constant speed. two parts.

¢ area = trapezium + rectangle «
1 5 T 5

.€=5(2+5]x3+5x4

3]

=10.5+20=30.5 3 4
The distance travelled by the cyclist is 30.5 m.

© Pearson Education Ltd 2C
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Exercise A, Question 19

Question:

A train stops at two stations 7.5 km apart. Betwierstations it takes 75 s to accelerate unifotmby speed 24 ms., then travel:
at this speed for a timeseconds before decelerating uniformly for thelfth& km.

a Draw a speed-time graph to illustrate this journey
Hence, or otherwise, find

b the deceleration of the train during the final kn6,

c the value ofT,

d the total time for the journe

Solution:
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& V(ITIS I]n
o fecsss : \
e ?2— T —»al» t(s)

b Let time for which the train decelerates be 1, s .

While decelerating

area = %base % height

Page2 of 2

The motion of the train while
decelerating is represented by this
triangle .

24

600 =1, x 24
2

1200
.f1 = ——
24
Acceleration is represented by the gradient.

ar=ﬁ =—E=—ﬂ.48
f 50

The deceleration is 0.48 ms™.

50

¢ For the whole journey

s=l2{a+b]h

?snn=é(r+r+1zs]xz4

=12(2T +125) = 24T +1500

_ 75001500
24

i =250

:I
The area of this triangle represents the
distance travelled while decelerating,
which is given to be 0.6 km = 600m.

The shorter of the parallel sides of the
trapezium represents 7 seconds.

The longer of the parallel sides of the
trapezium represents

(75+T +1,)s=(75+T +50)s
=(T+125)s

d  Total timeis (75+7 +1,)s=(75+250+50)s =375s.

© Pearson Education Ltd 2C
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Question:

A car accelerates uniformly from rest to a speePOofn s~ 1 in T seconds. The car then travels at a constant sfeim s~ 1 for
4T seconds and finally decelerates uniformly to irest further 50 s.

a Sketch a speed-time graph to show the motioneo€n.
The total distance travelled by the car is 122@imd
b the value off,

c the initial acceleration of the ¢

Solution:

G'lT—I':'I— 4T —l-:-l—SD — r?l'ls}

The shorter of the parallel sides of the
trapezium represents 47 seconds.

b s= l[a +b)h The longer of the parallel sides of the
2 / trapezium represents

|22{)=|;{4}"+5T+5[|}x3[] (T +4T +50)s = (5T +50)s.
=10(97 +50) = 90T + 500
T = 1220-500 3 The gradient of the line for the first T

9() seconds represents the initial acceleration.
the increase in velocity

The gradient is - —
the increase in time

20 20
(A = — —

T a8
The initial acceleration of the caris 2.5ms .

2.5

© Pearson Education Ltd 2C
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Question:

Speed
(ms ")

9- ______

Qf[j 25 time (5)

fadmmmm e pmm e

a

A sprinter runs a race of 200 m. Her total time for fngrihe race is 25 s. The figure is a sketch of thedsfigee graph for the motion of
the sprinter. She starts from rest and accelerates umjftora speed of 9 mstin 4 s. The speed of 9 nT $ is maintained for 16 s and
she then decelerates uniformly to a speedrofs™ 1 at the end of the race. Calculate

a the distance covered by the sprinter in the first 20 seofabe,
b the value ofy,
¢ the deceleration of the sprinter in the last 5 s of the

Solution:

a Forfirst 20 s

|
F=— +b)}
s z{a )h
=l{16+2{])x9=I62
2

The distance covered in the first 20 s is 162 m.

b The distance covered in the last 5 s 1s The t . tine the di

167\ m = 3 e trapezium representing the distance
(200-162)m =38 m. travelled in the last 5 s has shape

I

s=—(a+b)/
5 z{ﬂ }I
3s=l{u+9)x5 . 9
) i
38x2

5
The area of this trapezium must equal 38

and you can form an equation in u.

H+9="—"-=15.2
5
=062

~u-9 62-9 -28

c a =—(.56
-

5 5 5
The deceleration in the last 5sis 0.56 ms ™.

The gradient of the line representing the last 5 s
of motion is negative, v decreases by 2.8 as ¢
increases by 5.

© Pearson Education Ltd 2C
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Question:

An electric train starts from rest at a statiand moves along a straight level track. The taaicelerates uniformly at 0.4 n7 § to
a speed of 16 msL. The speed is then maintained for a distance @ 20. Finally the train retards uniformly for 2bafore
coming to rest at a statidh For this journey from\ to B,

a find the total time taken,

b find the distance from to B,

¢ sketch thedistance-time graph, showing clearly the shape of the gfapleach stage of the journ

Solution:
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a v{m s"}“

16

You were not asked to sketch a speed-time
graph but it helps you to visualise the
problem and you will be able to work out
part b using the area of the trapezium.

Ofire— {, —>+—20 —» _:':{5}

Let the time for which the train accelerates
be 1, s and the time for which it travels at

a constant speed be 1, 5.

During acceleration
v=u+at

At constant speed,

16 =0+0.4, ::vr,:E:ﬂrlJ =1 &= :
0.4 distance = speed x time.

At constant speed

2000=16xt, = t, =%:|25

The total time is (#, +7, +20)s =(40+125+20)s=185s.

b s=12{a+h}h 4//,

=%{125+185}x16=2480

AB =2480m

c The distance moved in the first 40 s of motion
is given by

3=%x40x]6=320

s [m} A A distance-time graph is a straight line
when the object is moving at a constant
speed and a curve when the object is
accelerating or decelerating.

2480
2320

320
o

© Pearson Education Ltd 2C
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Question:

A car starts from rest at a pofbn straight racetrack. The car moves with constacgleration for 20 s, reaching a speed of 25 m
s~ 1 The car then travels at a constant speed of 25 hfar 120 s. Finally it moves with constant deceiers coming to rest at a
pointF.

a Sketch a speed-time graph to illustrate the maifdhe car.

The distance betweedandF is 4 km.

b Calculate the total time the car takes to tran@hfSto F.

A motorcycle starts &, 10 s after the car has I&tThe motorcycle moves with constant acceleratiomfrest and passes the ca
a pointP which is 1.5 km fron& When the motorcycle passes the car, the mot@éydtill accelerating and the car is moving at a
constant speed. Calculate

¢ the time the motorcycle takes to travel fr&to P,

d the speed of the motorcycleP.

Solution:
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a u(ms"]
25 |-===3

= T -

b Let the total time be T seconds,
5 =%[a +b)h

4000=%[120+T]x 25

120+T:4000x2

=320 = T =200

The total time the car takes to travel from Sto F
is 200 s.

¢ The distance the car travels while accelerating is
given by

s=lx10x25=250{m}
2

The car travels a further (1500-250)m =1250 m

at a constant speed. The time it takes to do this is
given by
1250 =25t = +=50.

The car takes 70 s to reach P.
Hence the motoreyele takes 60 s to reach P

d  For the motoreycle
w=0,5s=1500,t=60,v="?

u+v]
5= I
%

liun:[w]ﬁﬂzsnu e
2 30

The speed of the motoreyele at Pis S0ms ™.

© Pearson Education Ltd 2C
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In part ¢, you first have to find the time the
car takes to get to P. There are two stages to
this — the time for which the car accelerates
(205, given ) and the time for which it

travels at a constant speed, which needs to be
calculated.

The motoreyele then takes 10 s less than the
sum of these two times.

/

1500

This solution to part d makes no
reference to a speed-time graph. It is not
uncommon for some parts of a question
to be better done using the properties of
graphs and other parts to be better done
using the one or more of the 5
kinematics formulae.
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Question:

Two carsA andB are travelling in the same direction along a megy. They pass a warning sign at the same instaht a
subsequently, arrive at a toll booth at the sarstin.

CarA passes the warning sign at speed 24h sontinues at this speed for one minute, thenldeates uniformly, coming to rest
at the toll booth.

CarB passes the warning sign at speed 30 sontinues at this speed fbiseconds, then decelerates uniformly, coming toates
the toll booth.

a On the same diagram, draw a speed-time graplustrdte the motion of each car.
The distance between the warning sign and thédalth is 1.56 km.
b Find the length of time for which is decelerating.

¢ Find the value oT.

Solution:
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- SO ;
1.-‘[m S'l)

30

24

Page2 of 2

You should label the graphs so that it
is clear which represents car 4 and
which represents car B.

0 T ()
b Let the time for which A is decelerating be 7, 5.
For car A
s =%[a+b]1’r

The trapezium representing the
distance moved by car A is

60

1560=%[5D+60+11]x24 -

=12(12{)+r|)=l44{)+12:|

- 15601440
‘ 12

The time for which A is decelerating is 10s.

10

c Both cars take 70 s to move from the warning sign

to the toll booth.
For Car B
|

24

60 +1,

Putting the area of this trapezium equal
to the distance travelled in metres,
1560, gives an equation which you can
solve for #,.

.';=;[c.=+b]ff
2 : /

1560=§[T+?ﬂ}x3{]=15T+ID5{]
T 15601050 _
15

34

© Pearson Education Ltd 2C
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The trapezium representing the distance
moved by car B is
T

30

70
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Question:

A train is travelling at 10 m s on a straight horizontal track. The driver seesdasignal 135 m ahead and immediately applies the
brakes. The train immediately decelerates with womisleceleration for 12s, reducing its speed tos3 th The driver then releases
the brakes and allows the train to travel at a eonspeed of 3 ms! for a further 15 s. He then applies the brakesnaayad the

train slows down with constant deceleration, conttgest as it reaches the signal.

a Sketch a speed-time graph illustrating the matitte train.

b Find the distance travelled by the train fromti@ment when the brakes are first applied to the emdwhen its speed first
reaches 3msl.

¢ Find the total time from the moment when the bsade first applied to the moment when the tramesto rest.

d Sketch an accelerati-time graph illustrating the motion of the tr:

Solution:
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a

;{'5} The trapezium representing the distance
moved by the train during the initial
deceleration is

b .';=—2|—[a+b}f.'r

= (3+10)x12=78 + 10

The required distance is 78 m.

¢ The distance travelled at constant speed 3ms™'
is given by
§=3x15=45
The distance travelled under the final deceleration
is (135-78-45)m=12m. The distance travelled during the final
deceleration is represented by the triangle

Let the time taken for the final deceleration be 7, 5.

1
I2=5r,x3:>r,=8._____1____________ 3 ‘:

The total time is (12+15+8)s=35s. 1,

This distance is 12 m and use of the usual
formula for the area of a triangle enables

d  The initial deceleration is S ms™.
7 you to find ¢,.

The final deceleration is 2 ms .

a(ms™ | \
27 35 The decelerations can be written down

R m— ey - . . -

O 1(s) using lhe. key point that the gradient of
a speed-time graph represents the
acceleration.

L

[E]

© Pearson Education Ltd 2C
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Question:

A straight stretch of railway line passes overaduict which is 600 m long. An express train on #fiistch of line normally travels
at a speed of 50 mst. Some structural weakness in the viaduct is deteand engineers specify that all trains passimgy the
viaduct must do so at a speed of no more than 10 fnApproaching the viaduct, the train therefore whits speed from 50 m

s~ Lwith constant deceleration 0.5 m 4 reaching a speed of precisely 10 mlgust as it reaches the viaduct. It then passes ove
the viaduct at a constant speed of 10 T.sAs soon as it reaches the other side, it acdeketa its normal speed of 50 m Swith
constant acceleration 0.5 m &

a Sketch a speed-time graph to show the motioneofrttin during the period from the time when irtstdo reduce speed to the
time when it is running at full speed again.

b Find the total distance travelled by the trainle/fits speed is less than 50 m%s

¢ Find the extra time taken by the train for therjmy due to the speed restriction on the via

Solution:
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a To find time taken to decelerate
=50, v=10,a=-0.51="7
v=u+at

50-=10 The acceleration is symmetric
03 =80« with the deceleration and takes

80 s.

10=50-0.5t => 1=

At the constant speed of 10 ms™'

§=ul
600 =10xr = =60

v(ms™),

The total distance travelled is
represented by two trapezia with

> dimensions
((s)
50

10

80

b s =l{10+5[}]x3ﬂ+60x I{]+l(10+5{]]><8|]ﬁ
2 2 plus the rectangle

= 2400+ 600 + 2400 = 5400 10

The distance travelled by the train is 5400 m. 60

¢ Ataconstant speed of S0ms™'

distance = speed x time

5400

5400=50r = ¢ 0 =108

The extra time is (220-108)s=112s.

© Pearson Education Ltd 2C
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Question:

A bus and a cyclist are moving along a straighizoottal road in the same direction. The bus strtsbus sto® and moves with
constant acceleration of 2 n $ until it reaches a maximum speed of 12 frtslt then maintains this constant speed. The dyclis
travels with a constant speed of 8 mls The cyclist passe just as the bus starts to move. The bus latettakes the cyclist at tt
pointA.

a Show that the bus does not overtake the cyclfstrbdt reaches its maximum speed.

b Sketch, on the same diagram, speed-time grapkpitesent the motion of the bus and the cyclisheg move fronD to A.

¢ Find the time taken for the bus and the cyclishtive fromO to A.

d Find the distancOA.

Solution:
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a  Find the time for the bus to reach its
maximum speed.
u=0,v=12,a=2,1="?
v=u-+al
12=0+2t = t=6
Find the distance travelled by the bus
in reaching its maximum speed.
u=0,v=12,a=2,5=7
v =u’ +2as
12° =07 +4s = s=36 (m)

In 6 s, the distance travelled by the cyclist is
given by distance = speed = time.

=8x6=48(m)

As 36 m is less than 48 m the bus has not
overtaken the cyclist.

b 4 Y ou should label the graphs so that it is
”{“1 3 } A clear which represents the bus and which

5 represents the cycle.
] / 4—cycle

c Let 7 seconds be the time for the bus and the | 1h€ area of the trapezium representing the
cyclist to move from O to A. =9
| distance travelled by the bus i 12
—(T-6+T)x12=8T <
2 r
ﬁ(l?’—ﬁ] =12T -36=8T must equal the rectangle representing the
4T =36 = T =9
The time taken is 9 s. distance travelled by the cycle
8
d  Forthe cycle, distance = speed x time T
=8x9m=72m
O4A=T72m

© Pearson Education Ltd 2C
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Question:

Two trainsA andB run on parallel straight tracks. Initially botheat rest in a station and level with each othétimet = 0, A

starts to move. It moves with constant accelerdtiori2 s up to a speed of 30 m% and then moves at a constant speed of 30 m
s~ L TrainB starts to move in the same directiorfaghent = 40, wheret is measured in seconds. It accelerates with tine sa

initial acceleration a#, up to a speed of 60 nT <. It then moves at a constant speed of 60h JrainB overtakesA after both
trains have reached their maximum speed. TBanertakesA whent = T.

a Sketch, on the same diagram, the speed—time godjifugh trains for &<t < T.

b Find the value oT.

Solution:

a v(ms'),

L e et
Train A4 Train B
I krinia
E Train B accelerates at the same rate
i N as Train A. So if Train A takes 12 s
(@] \IE 40 r'(s] to reach 30 ms™', then Train B will
take 24 s to reach 60 ms™'.

b The distance travelled by Train 4 in T seconds is given by
.':=%(T ~12+T)x30=15(27 -12)

The distance travelled by Train B in 7 seconds is given by

P =l( T—64+T—40)x60=20(2T —104) « You use the fact that the two
2 trapezia have the same area

to form an equation in T,
which you solve.

At the point of overtaking the distances are equal.

15(27 -12)=30(27T -104)

307 180 = 607 —3120

307 = 2940

2940
30

98

© Pearson Education Ltd 2C
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Question:

A train starts from rest at a station, acceleraté®rmly to its maximum speed of 15 m &, travels at this speed for a time, and
then decelerates uniformly to rest at the neximstaihe distance from station to station is 126@nd the time spent travelling at
the maximum speed is three-quarters of the totathgy time.

a Sketch a speed-time graph to illustrate this mftdion.
b Find the total journey time.
Given also that the magnitude of the decelerasdwice the magnitude of the acceleration,

c find the magnitude of the accelerat

Solution:
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a
v(ms™')4
< ir 2
15 ‘‘‘‘‘‘‘ L - I
@ +—l—» -« F:—I He)

b Let the total time for the journey be T seconds.
1
s=—la+b)h
(a+b)

Iiﬁﬂzl(iT+T}xl5
2\ 4

jl_=2><12l5l]=mS

7
4 15
4x168
o G s
7
The total time for the journey is 96 s.

96

c Let the time taken accelerating be ¢, seconds.

Let the time taken decelerating be f, seconds. —
| The acceleration is represented by the
L+t,=—T=24 ... ...(1) gradient of the line .
4 , 15
Gradient = —
The acceleration is — s
1 f

yoorrie BB
The deceleration is —s
I,
The magnitude of the deceleration is twice the magnitude
of the acceleration.

E:zKE e f: =l|fI {2.,'
[ L

S;bstitute (2)into (1)

You get an expression for the
deceleration in a similar way to
that used for the acceleration.

r|+l;|:§-;| =24 = f|=-2:)(24=16
2 2 3

iooao 151 5
The accelerationis —=—ms—.
t 16

© Pearson Education Ltd 2C
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Question:

The brakes of a train, which is travelling at 108 tkm?, are applied as the train passes a paifthe brakes produce a retardatio
magnitude 8m s~ 2 until the speed of the train is reduced to 36 kirthiThe train travels at this speed for a distanckisuthen
uniformly accelerated &m s~ 2 until it again reaches the speed 108 kirttas it passes poilt The time taken by the train in
travelling fromA to B, a distance of 4 km, is 4 minutes.

a Sketch a speed-time graph to illustrate the maifahe train fromA to B.

b Find the value of.

c Find the distance travelled36 kmh~1,

Solution:
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1081000

You must work in a consistent set of units.
The speeds are in km and hours, the
accelerations in m and s. Reduce
everything to m and s.

a 108kmh'=———ms =30ms™
3600
36kmh'=10ms™’
v(n‘u‘."],|k
] e e e e e

10}-@--3 ; ©
! e :
bl 240 '
. 4 [ =240 —4f »4— 31 —» "{5}
a+— [ —»

b Letrseconds be the time the train takes to retard,

Then 3[,:‘"=E = f=E PRI L
t 3
Let T seconds be the time takes to accelerate.
20
Then f=— ... ...(2) =
f 7 (2)

From (1) and (2) T =3¢ and the time travelled
at constant speed is 240 -4 seconds.

%[10+3{}}.r+ ID{ZdU-4!}+%{I[}+3n]3r=4{}[]{)

‘—_-_-_-—__"'"“‘—-—-_

20¢ + 2400 = 407 +60r = 4000
40t = 1600 = r=40

From (2) above

.20 20 20 1
ST 3 120 6
¢ At constant speed, distance = speed x time
s =10x(240—-4r) =10x(240-4x40)
=10x80 =800

The distance travelled at 36 km h™' is 800 m.

© Pearson Education Ltd 2C
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Accelerations and deceleration are
the gradients of line. Here, while
accelerating ,

[ = gradient

20

The areas marked @, @ and © in the
speed-time diagram added together
represent the distance travelled. @
and © are trapezia; @ is a rectangle.
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Question:
A car of mass 750 kg, moving along a level straigat, has its speed reduced from 251 © 15 m s~ 1 by brakes which
produce a constant retarding force of 2250 N. Gafetthe distance travelled by the car as its sjgerstiuced from 25 ms! to

15mes- 1

Solution:

Positive direction

A4

-

am
tr N
2250 N
‘—
l?SGg The retarding force is slowing the car down and
1s in the negative direction. So, in the positive
F=ma direction, the force is —=2250.
R(—>) -2250=750q
_ 2250 3
750 s There is no ¢ here, so you choose the formula
s :1 15, ‘53' ) _3’ 37 without f, vl = E.': +2as.
v =u" +2as
15° =25 —6s
25° 15" 400
5= = = "51!5:E
6 6 3

The distance travelled by the car as its speed is

reduced 15 66%m5 '

© Pearson Education Ltd 2C
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Exercise A, Question 32

Question:

A particleP is moving with constant acceleration along a gtrahorizontal lineABC, whereAC = 24 m. Initially P is atA and is

moving with speed 5 ms! in the directionAB. After 1.5 s, the direction of motion Bfis unchanged arfd is atB with speed 9.5n
-1

s

a Show that the speed BfatCis 13 m s 1,

The mass oP is 2 kg. WherP reache<, an impulse of magnitude 30 Ns is appliedPtim the directiorCB.

b Find the velocity oP immediately after the impulse has been appliedirgt clearly the direction of motion P at this instan

Solution:
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m
— —
@ [ ]
A B C
<+ 24 m—
FromAto B
u=5v=951=15a=? You need to find the acceleration, a,
v=u+at first by considering the motion from
9.5=5+1.5a A to B. Then you can proceed to find
_95-5 . the speed at C by considering the
w g E e motion from A4 to C.
From A4 to C
ueds=24u0=3v=7
v =u’ +2as
=5"+2x3x24=169
v=v169=13
The speed of P at C'is 13 m s, as required.
b =
Before ]3_..m :
(2 kg) 30N s
B C
After —»
yms Impulse is a vector quantity and you
Positive direction must always consider its direction.
g If the direction from B to C is taken
as the positive direction then an
I=mv—mu impulse of 30 N s in the direction
////_ from C to B must be taken as —30.
—30=2xv-2x13
2v=-30+26=—4
v=-2 < The answer v=-2 shows that
The velocity of P immediately after the impulse the velocity is in the negative
has been applied is 2m s in the direction CB. direction, that is from C'to B.

© Pearson Education Ltd 2C
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Question:

A ball of mass 0.3 kg is released at rest fromiatg a height of 10 m above horizontal groundeAhitting the ground the ball
rebounds to a height of 2.5 m.

Calculate the magnitude of the impulse exertechbyground on the be

Solution:

UOLIOILP DALIISO ]

As ball descends
u=0,a=98s5s=10,v=y
vi=u’ +2as

v =07 +2x10x9.8 =196

The ball is released from rest 10 m
above the ground. The first step is to
calculate the speed with which the
ball strikes the ground.

v =+v196=14
After rebound You must then use the fact that the ball
reaches a maximum height of 2.5 m to
find the velocity with which it rebounds
from the ground.

v=0,a=98,5=-25u=v, ¢—m |
v =u’ +2as

0° =v; +2x9.8x(-2.5) =>v; =49
v =—V49=-T4——_ | Asitrebounds from the ground, the ball is

T i moving upwards. That is in the negative
i ' direction. You must take the negative
square root of 49, which is —7.

=0.3%(-7)-0.3x14=-6.9
The magnitude of the impulse is 6.9 N.
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Question:

Two particlesA andB have mass 0.4 kg and 0.3 kg respectively. Theynargng in opposite directions on a smooth horiabtable
and collide directly. Immediately before the catiis, the speed ok is 6 m s 1 and the speed &is 2 m s~ 1. As a result of the
collision, the direction of motion @ is reversed and its speed immediately after thisiom is 3 m s~ L. Find

athe speed of immediately after the collision, stating clearlether the direction of motion &fis changed by the collision,

b the magnitude of the impulse exertedB in the collision, stating clearly the units in whiyour answer is give

Solution:
Positive direction
~ 6ms’ 2ms™
Before ——» —
f* (o)
Affhar —_— - » The total linear momentum before
vms' 3 m‘s,"/ impact must equal the total linear
. - momentum after im 3
a Conservation of linear momentum omentum after impact

The velocity of B before impact is

0.4x6+0.3x (_ﬁ: 0.4xv+0.3x3 in the negative direction so it must

24-06=04v+0.9 be entered as -2 in any equations
0.4v=24-0.6-09=0.9 involving linear momentum.
C
1-'=U;) =2.25
0.4

The velocity of A is positive

The speed of A after the collision is 2.25ms™'. : _ ‘
(2.25m s ) after impact and it

The direction of motion of A is unchanged.
was positive (6 ms ') before

impact. So the direction of
motion of A is unchanged.

b ForB, 1=mv—mu
.’:U‘.Ex3—ﬂ.3x(—2}
=09+06=1.5

The magnitude of the impulse exerted on B
is 1.5 N s.
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Question:

A railway truckS of mass 2000 kg is travelling due east alongaiggit horizontal track with constant speed 12 n.sThe truckS

collides with a truck which is travelling due west along the same tsRwith constant speed 6 nT 4. The magnitude of the
impulse ofT onSis 28 800 Ns.

a Calculate the speed 8fimmediately after the collision.
b State the direction of motion &fimmediately after the collision.
Given that, immediately after the collision, thesg ofT is 3.6 m s 1, and thafl andSare moving in opposite directions,

c calculate the mass T.

Solution:
Fosstive dirseuon. (Ras) » You do not know which direction § will
12ms" By be moving in after the impact. Mark the
Before — < unknown velocity as vms™' in the
positive direction After you have worked
S 0 . out v, the sign of v will tell you the
direction § is moving in.
After — <+—— You may not be sure, when starting
Ve ms the question, which direction / is
a ForS, I=mv—mu moving in after the impact. You can
—28 800 =2000x v, —2000x12 leave it blank at this stage a fill it in
2000v, =28 800+ 24 000 = ~4800 Afler snawernE prt b.
' 2000

T . . The sign of v is negative, so S is
The speed of § immediately after the collision S i
i moving in the negative direction. In

is 24ms ', < . . S
18,2 m o ) ] this solution, the positive direction
b Immediately after the collision § is moving due west. has been taken as east. so S is now

¢ Conservation of linear momentum moving west.
200012+ mx(—6)=2000x(-2.4)+mx3.6
28800
9.6

9.6m =24 000+4800=28800 = m= = 3000

The mass of T is 3000 kg.
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Exercise A, Question 36

Question:

Two particlesA andB, of mass 0.5 kg and 0.4 kg respectively, are tliagan the same straight line on a smooth hortabtable.
ParticleA, moving with speed 3 msl, strikes particld3, which is moving with speed 2 nT¢ in the same direction. After the
collision A andB are moving in the same direction and the spedli®®0.8 m s 1 greater than the speed/Af

a Find the speed d&f and the speed & after the collision.

b Show thatA loses momentum 0.4 N s in the collision.

ParticleB later hits an obstacle on the table and rebountteei opposite direction with speed 1 mls

¢ Find the magnitude of the impulse receive(B in this second impas

Solution:
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Positive direction

.
-

Ims 2ms

Before

—
You need to translate the statement that
A B | 04ke 'the speed of Bis 0.8 ms™' greater than
the speed of A' into algebra. If the
e

speed of A after the collision is vms™'
After ——*, " —_— 1

vms (v40.8)ms then the speed of B is 0.8 ms

T T greater; that is (v+0.8)ms ™.
a  Conservation of linear momentum

0.5%x3+0.4x2=05xv+0.4(v+ U.S]q___________ All velocities in this part are

1.54+0.8=0.5v+04v+0.32 in the positive direction.
0.9v=1.5+08-032=1.98
o LOB o

To find the speed of B add

0.9
The speed of A after the collision is 2.2ms™' / 0.8ms™' to the speed of A.

The speed of B after the collision is (2.2+0.8)ms”' =3ms".

b  The momentum of 4 before the collision is given by - —
mu=05%x3Ns=15Ns * The momentum of a particle is

The momentum of A after the collision is given by ﬁnﬂiﬁlﬂrﬁ'?: :i:;lgflti oy
my=0.5x22Ns=1.1Ns * ANRIHS.

A loses momentum (1.5—1.1)Ns=0.4 N s, as required.

afore 3MS
c Before >

Obstacle on
B the table

After +———

kI3 Left to right has been taken as the
For B, before and after the second impact positive direction throughout the
= mvy —mu question. The impulse on B is

=0.4x (—l}—{}.4 %3 negative as, as the situation is drawn
o] € / here, the impulse on B is in the

The magnitude of the impulse received by B direction from right to left.

in this second impact is 1.6 N s.

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\m1 revl a 36. 3/9/201:



Heinemann Solutionbank: Mechanics 1 Pagel of 2

Solutionbank M1

Edexcel AS and A Level Modular Mathematics

Review Exercise
Exercise A, Question 37

Question:

Two particlesA andB, of mass 3 kg and 2 kg respectively, are movinthénsame direction on a smooth horizontal tablenithey
collide directly. Immediately before the collisidhe speed ohis 4 m s~ 1 and the speed &is 1.5 m s L. In the collision, the
particles join to form a single partioe

a Find the speed & immediately after the collision.

Two particlesP andQ have mass 3 kg amd kg respectively. They are moving towards eachrathepposite directions on a
smooth horizontal table. Each particle has speeds fnwhen they collide directly. In this collision giulirection of motion of ea
particle is reversed. The speedraimmediately after the collision is 2 nT$ and the speed @is1ms 1

b Find

i the value ofn,

ii the magnitude of the impulse exertedQ in the collision

Solution:
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a Positive direction .
Before ﬂ,?_[ I.5m 5:
A B
After A+ B
—
vms'

Conservation of linear momentum
d%x3+2%x1.5=5%v

12+3=5v = 1==§=3

Page2 of 2

After the collision 4 (of mass 3 kg)
and B (of mass 2 kg) combine to
form a single particle. That particle
will have the mass which is the sum
of the two individual masses, 5 kg.

The speed of C immediately after the collision is 3ms ™.

Positive direction

b >
4ms 4ms”
Bﬂ'fﬂre —_— —
After ¢ —
2ms lms

(1) Conservation of linear momentum

3x4+:rrx{—ﬁ=3x{—ﬁ+m31

In the equation for the conservation of
momentum, you must give the velocities in
the negative direction a negative sign,

12-dm=—6+m = 5m=18

m =E=3.6
5

As the magnitude of the impulse exerted on
P is the same as the magnitude of the

(i) For Q, I=mv—mu =
f:3.6xl—3-6x{—4}
=3.6+144=18

The magnitude of the impulse exerted on Q
in the collision is 18 N 5. «

impulse exerted on ¢, you could equally
correctly work out the change in linear
momentum of P. The working then would
be / =3x(-2)-3x4=-18, which gives

the same magnitude, 18 N s..
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Exercise A, Question 38

Question:

A railway truck, of mass 1500 kg and travellingwét speed 6 ms! along a horizontal track, collides with a statignauck of
mass 2000 kg. After the collision the two trucksveon together, coming to rest after 12 secondeu@de the magnitude of the
constant force resisting their motion after thdisioin.

Solution:
Positive direction
-1
Before s B Stationary

1500 kg 2000 kg

3500 kg
After — You need to have a plan when

vms™! tackling this sort of question. The

question has not broken the problem
down into separate parts and you
need to make your own plan. You
have to find the three steps for
yourself.

1. Use conservation of linear
momentum to find the velocity of the
trucks after the collision.

2. Use a kinematics formula to find

Conservation of linear momentum
15006 =3500v¢
_1500x6 18

P ——

3500 7
To find deceleration

H:E.l’:{}.-‘:|2*ﬂ:?
7

v=1u-+at the deceleration.

0= 18 1 _de.). 3 3. Use Newton’s Second law with
ST = aEmEE =T your result from step 2 to find the

To find the magnitude of the resisting force, F, say force.

F =ma

3

F=3500x——=-750 <
14

The magnitude of the resisting force is 750 N.

© Pearson Education Ltd 2C
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Exercise A, Question 39

Question:

A particleP of mass 0.3 kg is moving in a straight line omagh horizontal plane. The speed?decreases from 7.5 nTdto 4 m
1

s~ Llin timeT seconds. Given the coefficient of friction betw@eand the plane is , find

a the magnitude of the frictional force opposing thetion ofP,

b the value oT.

Solution:

Positive direction

v

RN Y ou should begin by drawing a diagram

N H‘E"T'___-__r-'- which shows all of the forces acting on P

and its acceleration.

03gN

a  R(T) R-03g=0= R=03g
F=uk

= %xﬂ.jx‘}.g =0.42

The magnitude of the frictional force
opposing the motion of P is 0.42 N,

b F=ma You are asked to find T but before you can
R{_)} ~-F=03a use v=u+at, you have to find the value of
a, using Newton’s second law. As the particle

Using the result of part a : - 3 "
0.42 / 1s slowing down, a 1s negative.
-042=3a = a=-——=-14

0.3
w=715v=4a=-14,T="
v=u+afl
4=75-14T
T=?'5_4=2,5

1.4

© Pearson Education Ltd 2C
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Question:

A small stone moves horizontally in a straight lagoss the surface of an ice rink. The stonevisrgan initial speed of 7 m<l. It
comes to rest after moving a distance of 10 m. Find

a the deceleration of the stone while it is moving,

b the coefficient of friction between the stone dnelice

Solution:
Positive direction
You are given no value for mass of the
RN small stone and you will need to have an
FN 1 expression for the weight of the stone.
Lot Let the mass of the stone be m kg, then
/ the weight of the stone is mg N .
me N
a u=7,v=0,5=10,a="
v =y’ +2as
0°=7"+2xaxl0
49
a=——=-245
20

The deceleration of the stone is 2.45ms .

b R(T) R-mg=0 = R=mg

F=uR=umg
F=ma
R{—)} —F =ma

The m *cancels’ at the end of the
: question. This result would be the same
u= 24501 & 0.25 with a small stone of any mass.

—pmg =mx ( -2 ,45}

The coefficient of friction between the stone
and the ice is 0.25.

© Pearson Education Ltd 2C
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Exercise A, Question 41

Question:

3
A rough plane is inclined at an angleo the horizontal, where tan= 7. A particle slides with acceleration 3.5 mdown a line

of greatest slope of this plane. Calculate thefmeiit of friction between the particle and tham

Solution:

R(/)

R—mgcosa =0

R =mgcosa =+mg

Friction is limiting
F=uR=4%umg

R(\.) mgsina—F =m
3 Mg —5 pg = p(3.5
3 —
PO s T O
%98

The coefficient of friction between the particle
and the plane is 0.30 (2 s.f.).

© Pearson Education Ltd 2C
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Exercise A, Question 42

Question:

A particle moves down a line of greatest slope afiagh plane which is inclined at 30to the horizontal. The particle starts from
rest and moves 3.5 m in time 2 s. Find the coeificof friction between the particle and the pl

Solution:

u=0s5=351t=2,a="

L
s=uf+—at
2

3.5=ﬂ+lax23 =2a

g= s =1.75
2
R(/) R—mgcos30°=0 = R=mgcos30° As often happens, the m which you had
Friction is limiting to introduce at the beginning, “cancels”
F = uR = umg cos 30° because it is a common factor of all of
R(\.) mg sin30°— F = ma the terms in the equation.

#ig sin 30° — y g cos30° = pf x1.75

: =i
e 0.8sin30°-1.75 —03711 ...

9 8cos 30°
The coefficient of friction between the particle
and the plane is 0.37 (2 s.1).
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Question:

A stoneSis sliding on ice. The stone is moving along aigtit lineABC, whereAB =24 m anthC =30 m . The stone is subjectto a
constant resistance to motion of magnitude 0.3 tN\NA the speed 0Bis20 m §1, and aBthe speed dBis16 m s1. calculate

a the deceleration &,
b the speed dbatC.
¢ Show that the mass 8fis 0.1 kg.

At C, the stoné hits a vertical wall, rebounds from the wall ahdri slides back along the li@A. The magnitude of the impulse
the wall onSis 2.4 N s and the stone continues to move agaioshstant resistance of 0.3 N.

d Calculate the time between the instant S rebounds from the wall and the instant 1S comes to res

Solution:

20ms”’ > l6ms™

— —_—
0.3N .
3 y B

«—— 2 m—0»

- 30m
a FromAto B
u=200v=16,5=24. a="1
v =u’ +2as
16 =20° + 485
B 16> —20° -
48
The deceleration of Sis3ms™.

Y

s -3

b FromAtoC
u=20,5s=30.ga==-3,v="

Ve =u" +2as

i No accuracy is specified in this
=207 +2x-3x30=400-180 =220 question and no numerical value of g is
v=y220~14.8 used. Where there is no exact answer, it
The speed of Sat Cis [4.8 m 5! (3 s.1.). is reasonable for you to give your
answers to 3 significant figures.

C F =ma
0.3

-

3
The mass of § is 0.1 kg, as required.

={.]

—03=mx-3 = m=
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Positive direction

Y

Before V220ms™'

@ Wall It is quite common for the final

. velocity in one calculation, here
After — the velocity afier the impact with
| the wall, to become the initial

it velocity in the next part of the
I=mv—mu question, here the deceleration. So
-2.4=0.1 x(_“') —0.1x+220 v in one calculation is « in the
0.lv=24-0.1x4220=091676... next.

v=9.1676 ...
S now slows down with deceleration 3ms™.
4 The equation of motion has not

u:‘).lé’?ﬁ..,v:ﬂ,a:—lr:? :
‘\ changed since part (c), except

Y=pars B Reelom % that it has reversed direction. The

e J'.[}SS 5 resistance is still 0.3 N and the
The time taken to slow to rest is 3.06 s (3 s.f). mass is, obviously, unchanged

© Pearson Education Ltd 2C
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Question:

A railway truckP of mass 1500 kg is moving on a straight horizotntadk. The trucke collides with a truckQ of 2500 kg at a point
A. Immediately before the collisio®,andQ are moving in the same direction with speeds 10thand 5 m s 1 respectively.
Immediately after the collision, the direction obtion of P is unchanged and its speed is 4 itsBy modelling the trucks as
particles,

a show that the speed @fimmediately after the collision is 8.6 nT &.

After the collision aj, the truckP is acted upon by a constant braking force of ntagei500 N. The trucR comes to rest at the
pointB.

b Find the distancAB.
After the collisionQ continues to move with constant speed 8.6 Th.s

¢ Find the distance betweP andQ at the instant wheP comes to res

Solution:
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Positive direction

.
Ll

10ms”' S5ms’

Before ——» e

P 11500 kg Q | 2500 kg
After —» —_—

4ms’’ yms'

a  Conservation of linear momentum
1500104 2500%x5=1500x4+2500v
15000412500 = 6000+ 2500v

- 15000+12500-6000 21500

2500 - 2500
The speed of O immediately after the collision
is8.6ms E, as required.

The only force acting on P in the
horizontal direction is the braking force
of 500 N.

b ForP
F=ma

R(—) -500=1500a = .ﬂl=—l
3

u=4,u=ﬁ,a=—l‘s=‘?
3
v =u® +2as
5 . 2
Pt by seuit=04
3 2
The distance AB is 24 m.

c The time taken for P to come to rest is

given by

|
u=4,v=0a= "5" =3 Before you can find the distance travelled by
S \ truck Q as truck P comes to rest, you will
1 have to find the time taken by P to come to
0=4——1t = =12 rest. As () is travelling at a constant speed,
? the distance it travels is found using

distance = speed x time .

The distance travelled by Q is given by
distance = speed = time
s=8.6x12=103.2

The distance between P and Q at the instant when
P comes torestis (103.2-24)m=79.2m.

© Pearson Education Ltd 2C
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Question:

PN
S

[30°
T T T T T T T AT T T

A heavy suitcas& of mass 50 kg is moving along a horizontal floor undeatttmn of a force of magnitud®newtons. The force acts at
30° to the floor, as shown in the figure, aBdhoves in a straight line at constant speed. The suitcasel@latbas a particle and the

3
floor as a rough horizontal plane. The coefficient of frictietweerSand the floor is; .

Calculate the value .

Solution:

RN

PN

30°

FN
YFTTTT > TP ETTTIe TITTyI

It is a common error to omit the

y S0gN component of ” when resolving
vertically. A force at 30° to the
horizontal has components in both the
vertical and horizontal directions.

k

R(T) R-50g—-Psin30°=0
R =50g + Psin30°

Friction is limiting '\-..______ B P
F=uR=%(50g+ Psin30°) 30°

As §'1s moving horizontally at a constant speed, |  —— P cos 30°
it has zero acceleration.
R(—) Pcos30°-F =50x0

Pc0s30°~0.6(50g + Psin30°) =0 Collect the terms in P on one side
Pcos30°-30g +0.6Psin30°=0 of the equation and the constant
P(c0s30°+0.65in30°) = 30g «—| terms (there is only one here, 30g)
. 6a on the other.
po— B8 ____om ..,
cos 30°+0.6sin 30°
=250 (2s.f)

© Pearson Education Ltd 2C
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Question:

An engine of mass 25 tonnes pulls a truck of m@g®ines along a railway line. The frictional réemiees to the motion of the
engine and the truck are modelled as constant amagnitude 50 N per tonne. When the train is titaagehorizontally the tractive
force exerted by the engine is 26 kN. Modelling ¢ngine and the truck as particles and the couplirtgyeen the engine and the
truck as a light horizontal rod, calculate

a the acceleration of the engine and the truck,

b the tension in the coupling.

1
The engine and the truck now climb a slope whiahaslelled as a plane inclined at angl® the horizontal, where sin= 7.

The engine and the truck are moving up the slojle avi acceleration of magnitude 0.6 m% The frictional resistances to motion
are modelled as before.

¢ Calculate the tractive force exerted by the engBiee your answer in kN1 tonne = 100C kg)

Solution:
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) *___,,_.,—--‘ | tonne = 1000 kg. It is
Truck Engine

recommended that yvou work

10000 kg e 155000 k22 2% N | with metres, kilograms and
< < seconds in all questions using
S00 N 1250 N Newton’s Second Law.

a  The resistance on the engine is 25x50=1250 N w| There is 50 N of resistance for each

The resistance on the truck is 10x50 =500 N tnnpc. so an engine of 25 tonnes is
resisted by a force of 50x25 N..

For the whole system, the engine and truck
R(—) F =ma

26 000 —1250— 500 = 35 0004 +————1 When }-’0}!.11 consi‘::lcr ‘tht:hwholc
system, the tension in the
a= 26000-1250-500 _ 97 —0.6928 ... | coupling acting on the truck
35000 140 and the tension in the coupling
The acceleration of the engine and truck is acting on the engine are of
0.693ms™ (3 s.f). equal magnitude and in
opposite directions. When you
b Forthic tuckalonie resolve horizontally, the
F=ma tensions cancel out .

T =5000=10 000a
T'=500+10000x0.6928... =7428.57 ...
The tension in the coupling is 7430 N (3 s.f.).

s
0o

In this diagram, only the
forces which are relevant
when resolving up the plane
have been labelled. The
tractive force has been
labelled T N.

25000g N

c For the whole system, the engine and truck There are 5 forces
R(/] acting parallel to the

X lane. The tractive
T —2500-500-25000g sin & —10 000g §in & = 35 000a Eme s

T =1750+35 000x9.8% —+ 35 000 0.6 and two components of
70 weight.

=27 650
The tractive force of the engine i1s 28 kN (2 5.f.). «#4—

1 kN =1000N

© Pearson Education Ltd 2C
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Question:

A suitcase of mass 10 kg slides down a ramp wihsighdlined at an angle of 20to the horizontal. The suitcase is modelled as a
particle and the ramp as a rough plane. The tdpeoplane iA. The bottom of the plane GandAC is a line of greatest slope, as
shown in the figure above. The polits onAC with AB = 5 m. The suitcase leavéswith a speed of 10 ms! and passeB with a
speed of 8m 3. Find

a the deceleration of the suitcase,

b the coefficient of friction between the suitcasd ghe ramp.

The suitcase reaches the bottom of the ramp.

¢ Find the greatest possible lengtrAC.

Solution:
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aFromAto B
u=10,v=8s=5,a="?
v =u’ +2as
8 =10" +2xax5
8> —10°
10
The deceleration of the suitcase is 3.6 ms ™.

=-3.6

bR[/’) R—-10gcos20°=0 = R=10gcos20°

Friction is limiting

F = uR = p10g cos 20° As the numerical value
R(\_..) 10gsin20°— F =104 2 =9.8 has been taken, you
e " " should give your final
Mg sin20°— 10 g cos 20° = J'dx(_:"f’) answer for u, corrected to
o 9.85in 20°+3.6 — 0.7548 4—‘-"‘""’, 2 significant figures.
9.8 cos 20°

The coefficient of friction between the suitcase and the
ramp is 0.75 (2 s.f).

¢ From A to C To reach the bottom of the ramp,
u=10,v=0,a=-3.6,5=2? — the suitcase must not stop before
it reaches the lowest point of the

Vi=w t2as ramp C. The limiting case is that

0% =10%+2 x(_3'6) R the suitcase has zero speed at C
10° 2 and this is taken to find the
= 72 1.8 greatest possible length of AC.

The greatest possible length of AC is 14 m (2 s.1.).

© Pearson Education Ltd 2C
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Question:

A slipway for launching boats consists of a routghight track inclined at an angle of 1o the horizontal. A boat of mass 300 kg
is pulled down the slipway by means of a rope wiggbarallel to the slipway. When the tension ia tbpe is 500 N, the boat
moves down the slipway with constant speed.

a Find, to two significant figures, the coefficiesftfriction between the boat and the slipway.

Later the boat returns to the slipway. It is novlgmiup the slipway at constant speed by the ropietwis again parallel to the
slipway.

b Give a brief reason why the magnitude of theifsiwdl force is the same as when the boat is paltedh the slope.

¢ Find, to two significant figures, the tension lire trope

Solution:
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The weight has
components parallel and
perpendicular to the plane

300g sin 10°

Y 300¢
300 cos10°\10

v

aR(™\) R-300gcos10°=0 = R=300gcosl0°
Friction is limiting
F = uR = 1300g cos10° The boat is moving at a
R(/) 500-+300gsin10°— F =300x0 +— | constant speed and, hence, its

acceleration is zero.
F = u300g cos10°=500+300gsin10°
_ 500+ 300gsin10°
300g cos10°

The coefficient of friction between the boat and the
slipway is 0.35 (2 s.f).

=0.349 ...

b The normal reaction (R =300g cos10°) is unchanged

and, hence, the friction force (F = R ) is unchanged.

F is unchanged in magnitude but,
as friction opposes motion, it has
¢ reversed direction and is now
acting down the plane.

300¢ N

R(/") T—-300gsin10°—F =300x0

T=300gsinl0+Fee
= ﬁﬂﬂgsin 10° 4+ 500 F =500+ 3[]03’ sin10° from

=1521 .. the working in part a.
The tension in the rope is 1500 N (2 s.1f.).

© Pearson Education Ltd 2C
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Question:

A tent peg is driven into soft ground by a blownfra hammer. The tent peg has mass 0.2 kg and tm@é&ahas mass 3 kg. The
hammer strikes the peg vertically.

Immediately before the impact, the speed of therhanis 16 m § L. It is assumed that, immediately after the impthet,hammer
and the peg move together vertically downwards.

a Find the common speed of the peg and the hamnmeediately after the impact.

Until the peg and hammer come to rest, the registarerted by the ground is assumed to be coretamf magnitud® newtons.
The hammer and peg are brought to rest 0.05 sthftempact.

b Find, to three significant figures, the valueR.

Solution:
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a Before After
Hammer| 3 kg llﬁ ms™ P
32 kg ip m S_]

0.2 kg

1]

Conservation of linear momentum.
Ix16+02x0=3.2xv

.
32

The common speed of the peg and the hammer

immediately after the impactis 15ms ',

|

3.2g N

u=15v=0,t=0.05a="?
v=u+at

15

Page2 of 2

After impact, the hammer and
the peg move together. You
model the hammer and peg as a
single particle of mass 3.2 kg

You need to find R
using F = ma. Before
this can be used, you
will need to find the
deceleration of the

0=15+ax0.05 = a=———==-300 <
0.05

F=ma
32g-R=3.2x (—3(}(})

R=3.2x300+3.2x9.8=991.36
=991(3 s.f.)

© Pearson Education Ltd 2C
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hammer and the peg.
As in part a, you need
to consider the hammer
and the peg as a single
particle of mass 3.2 kg.
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Question:

A ball is projected vertically upwards with a speed s~ from a pointA which is 1.5 m above the ground. The ball movesl§r
under gravity until it reaches the ground. The tgstaheight attained by the ball is 25.6 m abave

a Show thati=22.4 .
The ball reaches the grouficseconds after it has been projected flam
b Find, to two decimal places, the valueTof

The ground is soft and the ball sinks 2.5 cm ihtodground before coming to rest. The mass of thesh@a 6 kg. The ground is
assumed to exert a constant resistive force of imatgF newtons.

¢ Find, to three significant figures, the valudrof

d State one physical factor which could be takeo amcount to make the model used in this questiore mealistic

Solution:
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a From A to the greatest height, taking
upwards as positive.
v=0,a=-98,5=256,u="?

v =u®+2as
0° =u® +2x(-9.8)x25.6

1 =2%9 8%25.6 =501.76 The ball reaches the ground at a
u=+501.76 = 22.4 , as required. point which is 1.5 m lower than the
: point of projection A. So you must
b u=224,s=-15a=-981=T take ¢ =-1.5.
s=ut +lar3
2
] You can ignore the negative

solution of the quadratic equation.
That would represent a time
before the ball was projected.

-1.5=224T +(-9.8)T"

4.97%-224T-1.5=0
5 224+4./(22.4° —4x4.9%x—1.5)

2x9.8
=4.637 ... =4.64 (3s.1). A5, af the next scapes Yoo
will use the velocity
squared, you need not
. s find the square root of
ams - 531.16. The final
0.6g N velocity of the motion

5 . i under gravity becomes
To find the speed of the ball as it reaches the ground. the imitsa] veloeity of the

u=224,5s=-15a=-98,v="? 2 ;

e i g motion as the ball sinks
v =u +2ﬂ.‘.i' = 224- +2X(—9.8)>< [—15] = 53 1.]'& 4--""‘ into the ground_
To find the deceleration as the ball sinks into the grnundf
u’=531.168=05=0025,a="

e ) - *—_______'—————________ -

v =u" +2as = 0°=531.16+2xax0.025 Y ou need to use metres,
531.16 kilograms and seconds
g=——"=-10623.2 consistently, so 2.5 cm must

0.05 be converted to 0.025 m.
F =ma
0.6g — F = 0.6x(~10623.2) —
F=0.6g+0.6x10623.2=6380 (3 s.f). To use a variable F, as

resisting forces usually
vary with speed, would

d Consider air resistance during motion under gravity. 4« | .01 o good answer.
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At the greatest height the
speed is zero.

Positive
direction

1.5 m
Y|

GrourF

© Pearson Education Ltd 2C
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Question:

A particle A, of mass 0.8 kg, resting on a smooth horizontaétds connected to a partide of mass 0.6 kg, which is 1 m from the
ground, by a light inextensible string passing avemall pulley at the edge of the table. The glarfi is more than 1 m from the
edge of the table. The system is released fromwidistthe horizontal part of the string perpendicub the edge of the table, the
hanging parts vertical and the string taut. Cateula

a the acceleration o,
b the tension in the string,
c the speed dB when it hits the ground,

¢ the time taken foB to reach the grour

Solution:
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a From A to the greatest height, taking
upwards as positive.
v=0,a=-98,5=256,u="?

v =u®+2as
0° =u® +2x(-9.8)x25.6

1 =2%9 8%25.6 =501.76 The ball reaches the ground at a
u=+501.76 = 22.4 , as required. point which is 1.5 m lower than the
: point of projection A. So you must
b u=224,s=-15a=-981=T take ¢ =-1.5.
s=ut +lar3
2
] You can ignore the negative

solution of the quadratic equation.
That would represent a time
before the ball was projected.

-1.5=224T +(-9.8)T"

4.97%-224T-1.5=0
5 224+4./(22.4° —4x4.9%x—1.5)

2x9.8
=4.637 ... =4.64 (3s.1). A5, af the next scapes Yoo
will use the velocity
squared, you need not
. s find the square root of
ams - 531.16. The final
0.6g N velocity of the motion

5 . i under gravity becomes
To find the speed of the ball as it reaches the ground. the imitsa] veloeity of the

u=224,5s=-15a=-98,v="? 2 ;

e i g motion as the ball sinks
v =u +2ﬂ.‘.i' = 224- +2X(—9.8)>< [—15] = 53 1.]'& 4--""‘ into the ground_
To find the deceleration as the ball sinks into the grnundf
u’=531.168=05=0025,a="

e ) - *—_______'—————________ -

v =u" +2as = 0°=531.16+2xax0.025 Y ou need to use metres,
531.16 kilograms and seconds
g=——"=-10623.2 consistently, so 2.5 cm must

0.05 be converted to 0.025 m.
F =ma
0.6g — F = 0.6x(~10623.2) —
F=0.6g+0.6x10623.2=6380 (3 s.f). To use a variable F, as

resisting forces usually
vary with speed, would

d Consider air resistance during motion under gravity. 4« | .01 o good answer.
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At the greatest height the
speed is zero.

Positive
direction

1.5 m
Y|

GrourF
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Question:
P
0.6kg
. - -
AMO.3kg

B 0.5kg

The figure shows a blodR of mass 0.6 kg resting on the smooth surfacehafrizontal table. Inextensible light strings cortrie¢o
blocksA andB which hang freely over light smooth pulleys plae¢@pposite parallel edges of the table. The nsasis® andB are
0.3 kg and 0.5 kg respectively. All portions of 8teng are taut and perpendicular to their respeadges of the table. The system
is released from rest. Calculate

a the common magnitude of the accelerations of thekks,

b the tensions in the strin

Solution:
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In this question, there are two
separate strings; one joining 4 to P
and one joining B to P. These will
have different tensions; here

LN 4 labelled T Nand 7, N.

A 5
ams
T T ¢+ LN The heavier of the

£

v
£
s

e

03g N
e B two blocks 4 and
ams l | Bwin
0.5g N
¥ Fons 3 equations in 3 unknowns can
R[T] 1-03g=03a ......(1) be difficult to solve but, in this
For P case, if you add the 3 equations
R(—) T,-T, =06a ... ... (2) together the 7, in (1) cancels
For B with the =T} in (2) and the 7,
R(V) 05g-T,=05a ... .. (3) in (2) cancels out with the -7,
(1)+(2)+ (3)=* / in (3), leaving an equation in a
0.2g=14a alone.
5 0.2x9.8 —14
1.4

The common magnitude of the accelerations of
the blocks is 1.4 ms ™.

b Substitute the result of part a into (1)
T,—03g=0.3x1.4

T =03x1.4+0.3x9.8=3.36 ... (4)

Substitute the result of part a and (4) into (2) +———
T,-3.36=0.6x1.4

T,=336+0.6x1.4=42

Alternatively, you can find 7, by

substituting for @ in (3).

The tension in the string joining A to Pis 3.4 N (2 s.f)).
The tension in the string joining 8 to Pis 4.2 N.

© Pearson Education Ltd 2C
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Question:

A trailer of mass 600 kg is attached to a car o200 kg by means of a light inextensible tow-bae car tows the trailer along a
horizontal road. The resistances to motion of treanid trailer are 300 N and 150 N respectively.

a Given that the acceleration of the car and traélér4 m s 2, calculate
i the tractive force exerted by the engine of the ca
ii the tension in the tow bar.

b Given that the magnitude of the force in the-bar must not exceed 1650N, calculate the greatssilde deceleration of the ¢

Solution:
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The tractive force exerted by
/ the engine of the car has
T T been called P N. This only
R, N N TN LN acts on the car. It does not
Trailer > < Car PN act directly on the trailer.
600 kg 300N | 900ke [ The only force moving the
+ 150N 6002 N < trailer forward is the tension
l lgm}g N in the tow bar.

ams -

%(1) For the whole system When you consider the whole
yama - | System, the tension in the tow
R(—) P-300-150=1500x0.4 bar acting on the truck and the
P =1050 tension in the tow bar acting
The tractive force exerted by the engine of the car on the engine are of equal
is 1050 N. magnitude and in opposite
directions. When you resolve
(i1)For the trailer alone horizontally, the tensions
F =ma cancel out .
R(—) T-150=600x0.4
T=390

The tension in the tow bar is 390 N.

| When decelerating the force

b . . :
!' in the tow bar becomes a
R, NT ? thrust. The question gives
Trailer | 1650N i that the greatest magnitude
600 kg by AT —> | ofthe thrust is 1650 N. To
& -+
150N solve part b, you need only
lﬁ{]l}g N l the horizontal forces on the
e trailer.
ams -

For the trailer alone

F=ma
R(—) ~1650—150 = 600a The deceleration of the trailer
and the car are the same.
- _1800 ==3 Although the question asks
600 for the deceleration of the car,
The greatest possible deceleration of the car you could not directly find
is 3ms . this, as it would involve an
unknown braking force on the
car.

© Pearson Education Ltd 2C
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Question:

Two particlesA andB, of mass 8 kg and 10 kg respectively, are conddnyen light inextensible string which passes avkght
smooth pulleyP. ParticleB rests on a smooth horizontal table @&nsts on a smooth plane inclined at’ 3 the horizontal with
the string taut and perpendicular to the line térigection of the table and the plane as shownetigure. The system is released
from rest. Find

a the magnitude of the accelerationByf
b the tension in the string,

c the distance covered B in the first two seconds of mation, given tB does not reach the pull

Solution:
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(1) (1) and (2) are a pair of linear
> simultaneous equations in 7 and a.
R(I/) 8gsin30°-T=8a ...... (2) The TI?EEhﬂdE you can use to solve
these is essentially the same as you
M+@) . learnt for GCSE. Either elimination
8gsin30°=18a or substitution can be used.

a=8gs1|13(} o 2

Zg=217
TGN
The magnitude of the acceleration of B . )
is 2.2ms™ (2s.f). sin 30°=—

b  Substitute a = %g into (1)

20 :
F'=—g=21.7
98

The tension in the string is 22 N (2 s.f.).

[ =0, ga=—g,t=2,5="7
92

| EE
S=ul+—at”
2

g . 9.8x4

=0+2x4= =435
9

The distance covered in the first 2 seconds is
44 m(2s.f).

© Pearson Education Ltd 2C
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Question:

A (3m) B (m)

{(smooth) (rough)

A fixed wedge has two plane faces, each incline®D4t to the horizontal. Two particlésandB, of mass B andm respectively,
are attached to the ends of a light inextensiblegstEach particle moves on one of the plane fatéise wedge. The string passes
over a smooth light pulley fixed at the top of thedge. The face on whighmoves is smooth. The face on whglmoves is rougt
The coefficient of friction betweeB and this face ig. ParticleA is held at rest with the string taut. The striieg in the same
vertical plane as lines of greatest slope on e&feface of the wedge, as shown in the figure.

The particles are released from rest and starioteenParticleA moves downwards and parti@amoves upwards. The acceleration

1
of A andB each have magnitudg g.

a By considering the motion &, find, in terms ofm andg, the tension in the string.
b By considering the motion &, find the value of:.

¢ Find the resultant force exerted by the stringhenpulley, giving its magnitude and direct|

Solution:
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a Ford F=ma
R 3mgsin30°-T =3mx-- .
{/] mg si mx-tg sin 300:_[
T=<mg—-=mg=%mg 2
The tension in the string is $mg.
b ForB
R{/‘) R—mgcosi0®=0 = R=mgcos30°
Friction is limiting mg is common to all 4 terms in this
F = uR = pumg cos 30° equation and can be ‘cancelled’ leaving
R{'\) T—F—-mgsin30°=ma / an equation i 4 alone,

$pf — pr c0s30°— e sin30° = pod

pcoslP=4—1-tL=21 43
3 c0s 30° = — is the exact value and the exact
—=1(.69282 . 2
5c053[]° 243
=0.693 (3 s.1). answer for g [zT] would be acceptable.

At P, the string exerts two forces, each
of magnitude ¢ mg , on the pulley both
at an angle of 60° to the vertical. By
symmetry, the resultant force acts

| vertically downwards. [ts magnitude
At P can be found by resolving the two

R ( ¢) R =27 cos 60° forces vertically downwards.

Wy

=2xImgXxs=%mg
The resultant force exerted by the string on the c0s60° =3 is the exact value.
pulley has magnitude $mg and acts vertically
downwards.

© Pearson Education Ltd 2C
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Question:

’ , B
Lt
s PV A A PV A A A e

Two particlesP andQ, of mass 4 kg and 6 kg respectively, are joined bght inextensible string. Initially the paréd are at rest
on a rough horizontal plane with the string taudte Toefficient of friction between each particle dine plane i% . A constant force

of magnitude 40 N is then applied@in the directiorPQ, as shown in the figure.

a Show that the acceleration@fis1.2 m §2,

b Calculate the tension in the string when the sgsgemoving.
¢ State how you have used the information that titiegsis inextensible.

After the particles have been moving for 7 s, thieg breaks. The particl® remains under the action of the force of magnitude
40N.

d Show thafP continues to move for a further 3 seconds.

e Calculate the speed Q at the instant wheP comes to res

Solution:
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RN amsy R, N

F N

4z N

a ForP, R{T) R—-4g=0 = R =4g
Friction is limiting
Fi=uR =3x4g=1g
ForQ. R(T) R,—6g=0 = R,=6g

When a question asks you to

Friction is limiting show that a quantity has a
F=uR, =3ix6g=L4Lg value — here that the

For the whole system acceleration is 1.2 ms™' - you

R(—) 40-F -F, =10a must get exactly that value

and not approximate during

B !
40-2g-Lg=10a the calculation.

10a=40-2%x98=12 = a=1.2

The acceleration of @ is 1.2 m s, as required.

b ForP
R(») T-F=4a
T-2$g=4x1.2
T=4x12+2x98=16
The tension in the string is 16 N.

¢ The information that the string is inextensible has been used
in assuming that the accelerations of # and O , and hence of
the whole system, are the same.

The final speed for the

. . . part of the motion when
d To find the speed the particles are travelling at when the the string is taut will be

string breaks.

) the initial speed of both
u=0,a=12,1=7,v=1 / particles after the string

v=u+ar=0+1.2x7=8.4 hreaks.
For P, after the string has broken
R N \ . .
; ams’ After the string has broken it no
— longer exerts a tension on P . The
P forces acting on P are shown in the

4—\\ diagram. The equation obtained by
resolving vertically is unchanged
and so the normal reaction and the
friction force at P are unchanged.

F N
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R(—) -F=4a = -ig=4da = a=-1g
u=84,v=0a=-2g,1=?
v=Nu+al
AxT
I (O W
2x9.8

P continues to move for a further 3 s, as required.

Page3 of 3

R, N

ams™
—>

40N o ———

F, N

bg N

After the string has broken it no
longer exerts a tension on Q . The
forces acting on Q are shown in the
diagram. The equation obtained by
resolving vertically is unchanged
and so the normal reaction and the
friction force at Q are unchanged.

For O, after the string has broken.
R(—) 40-F, =6a

0-Lg=06a
6a=40-%x9.8=23.2

. g s
a=—*3'2 =E=3.86 &
6 15
u:B.-’-Lu:E,r:lv:‘?
15

P came to rest 3 seconds after the string
had broken. 5o you have been asked to
find the speed of Q after these 3 seconds.
First you need to find acceleration of 0.
As P is not now attached to Q, O will
accelerate more quickly.

V=i +m’=3.4+%x3 =20

The speed of Q at the instant when P comes to
restis 20ms™'.

© Pearson Education Ltd 2C
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Exercise A, Question 57

Question:

C

A fixed wedge whose smooth faces are inclinegbatnd 78 to the horizontal has a small smooth pullegdion the top edge Bt
A light inextensible string, passing over the pylleas particle® andQ of mass 2 kg and 3 kg respectively attached anits. The
figure shows a vertical cross-section of the wadbereAB andAC are lines of greatest slope of the faces alongmhiandQ
respectively can slide. The particles are relef®ad rest at timeé=0 with the string taut. AssumihgtP has not reache8 and
thatQ has not reacheq, find

a the distance through which each particle has mexrezht =0.75 s,
b the tension in the string,
¢ the magnitude and direction of the resultant faxerted on the pulley by the string.

Whent = 0.75 s the string breaks and in the subsequent mBticome to instantaneous rest at time . Assurhaigthas not
reachecB, d calculatet.

Solution:
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a For P

R(/) T-2gsin30°=2a ... ... (1) (1) and (2) are a pair of linear
oty > simultaneous equations. You need to

R(™) 3gsin70°-T=3a ... ... (2)
(1 +(2)
3gsin70°-2gsin 30° =5a
: 3gsin70°-2gsin30°
0=

5
u=0a=3565..,t=0.75s5="

1l ...
s =nt+—=at”
2

:ﬂ+—;~x3.565 .. x0.75° =1.002 ...

The distance the particles have moved is
1.0m (2 s.f.).

b From(l)
T=2gsin30°+2a
=2g8in30°+2x3.565 ... =16.93 ...
The tension in the string is 17 N (2 s.f.).

c B

solve them for a to solve part a. You
need to solve them for T in part b.

=3.565392 ...

You need the value of @ several times in the
question and it is sensible to store this value
of @ in your calculator so you can recall it
when needed.

4
-

T'N f
TN

At B, the string exerts two forces, each
of magnitude 7. The resultant force
bisects the angle 4BC, which is 80°, Its
magnitude can be found by resolving the
two forces along the diagonal of the
rhombus.

R=2Tcosd40°=2x1693 .., xcos40°=25939 ...
The resultant force exerted on the pulley by the string

has magnitude 26 N (2 s.f.), and acts in

the direction bisecting £ABC , as shown in the diagram

above.
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d To find the speed of P immediately before -
the string breaks 'he final speed for the part of the

w=0.1=0.75, 0=3.565 ... . p="1 motion when the string is taut will
v=wrat=04075x3565=2.674 4+— | be the initial speed of P afier the
E 3 : string breaks.

For P, after the string breaks

amssy
RN j

; After the string has broken, the
R{/) —2gsin30°=2a only force acting on P in the
I e = direction parallel to the plane is the

e N
a=-gsin30°= _53 component of the weight acting

down the plane.

n=2674 ".,V=D,ﬂ=-“1‘g,f=!'|

v=u+dal
I : !
0=2.674 ... ——gt sin30° = —
e L
i
fasBe I e ey
9.8
=0.55(2s.f).

© Pearson Education Ltd 2C
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Exercise A, Question 58

Question:

A car of total mass 1200 kg is moving along a gtiahorizontal road at a speed4ofm s, when the drivakes an emergency
stop. When the brakes are fully applied, they exednstant force and the car comes to rest afteelting a distance of 80 m. The
resistance to motion from all factors other thanlihakes is assumed to be constant and of magriQ@ial.

a Find the magnitude of the force by the brakes wi#y applied.

A trailer, with no brakes, is now attached to thelty means of a tow-bar. The mass of the trasl€0D kg, and when the trailer is
moving, it experiences a constant resistance téomof magnitude 420 N. The tow-bar may be assutmée a light rigid rod
which remains parallel to the road during motioheTar and the trailer come to a straight hillliived at an angle to the

horizontal, wheraina = 1—14 . They move together down thie Tilie driver again makes an emergency stop, talkelsrapplying the
same force as when the car was moving along leeeingl.

b Find the deceleration of the car and the traileemvthe brakes are fully applied.
¢ Find the magnitude of the force exerted on thebgahe trailer when the brakes are fully applied.

d Find the maximum speed at which the car and trafleuld travel down the hill to ensure that, whtem brakes are fully applied,
they can stop within 801

Solution:
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%
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The force exerted by the brakes is
labelled as B N in this diagram.

500 N llzﬂﬂg N

u=40,v=0,5=80,a="?

v =u® +2as

0° =40° +2xax80

407
2x80

=-10

a=

F=ma
R(—) =B-500=1200x(-10)
B=12000-500=11500

During braking both the braking
force and the resistance act to slow
the car down.

To find the braking force, you will have
to use F =ma and so the first step in
the question is to find the deceleration.

The magnitude of the force exerted by the brakes

is 11500 N,
b
Trailer P
T
20N TN 11500 N
\I‘i

500 N

Under braking, the force in
the tow bar is a thrust and
acts outwards in the
directions shown in the
diagram. When Newton’s
Car second law is applied to the
whole system, the forces at
the ends of the tow bar are of

1200g N *

For the car and the trailer

R(D )

equal magnitude and in
opposite directions and so
they cancel one another out.

1200g sina@ +600gsina —500-420-113500 =1800a

\_Y_}LY_}

t X

Components of Resistances Braking Total Mass

weight

ISU{}xQ.Bx]LaIE 420 =1800a

1260-12 420 =1800a

g Ol Lo
1800

The deceleration of the car and the trailer

is 6.2ms ™.

force

. . 1
You are given that sin« :ﬁand you

should use that exact value here. It is not
necessary to use your calculator to find a
value fore . Any such value would only be
approximate and would lead to inaccuracy.
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é Far the dicalons The trailer exerts a force on the
R[ ) / car through the thrust in the tow
i bar. That thrust acts down the
T+1200gsina —500-11500=1200a plane in the same direction as
1 the component of the weight.
T =1200x%(-6.2)—1200x ‘El‘.Exﬁ +500+11500 The braking force and the
- 3720 resistance act up the plane

The magnitude of the force exerted on the car by the
trailer is 3700 N (2 s.10).

d a=-62,v=0,5=80,u=? If the car and trailer
v =u® +2as were travelling at a
0° =u’ +2x(—6.2)x80 slower speed, they

2 could stop in less than
W =2x6.2x80 =992 / i
u=v992=31.496 ...
The maximum speed at which the car and trailer should
travel down the hill to ensure that, when the brakes are fully

applied, they can stop within 80 mis 31 ms™' (2 s.f).

© Pearson Education Ltd 2C
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Exercise A, Question 59

Question:

The figure above shows a lorry of mass 1600 kgrigwi car of mass 900 kg along a straight horizantad. The two vehicles are
joined by a light tov-bar which is at an angle ©5°  to the road. Theylamd the car experience constant resistancestionraf
magnitude 600 N and 300 N respectively. The loreyigine produces a constant horizontal force otfotimg of magnitude 1500 N.
Find

a the acceleration of the lorry and the car,
b the tension in the tow-bar.

When the speed of the vehicles in st the tow-baakzreAssuming that the resistance to the motighetar remains of
constant magnitude 300 N,

c find the distance moved by the car from the montieatow-bar breaks to the moment when the car sameest.

d State whether, when the tow-bar breaks, the noreaakion of the road on the car is increased edsed or remains constant.
Give a reason for your answ

Solution:
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ams. RN T
¥ H Frd
R “‘T TN
Car TN Lorry 1500 N
15% —
90ke ot 1600 kg
. -4 i
When vou consider the whole
300 N lquu N 600 N Y o/
o l' 600g N system, the tension in the tow

bar acting on the car and tension
in the tow bar acting on the lorry
are of equal magnitude and in
opposite directions. When you
resolve in any direction for the
whole system, the tensions
cancel each other out .

a For the lorry and the car
R(—) 1500-600-300=2500a
a= H00 =0.24
2500
The acceleration of the lorry and the caris 0.24 ms ™.
b For the car alone
F =ma
R(—) Tcos15°-300=900x0.24
900=0.24+300
e SRR TR 23490 .
cos|5°
The tension in the tow bar is 530 N (2 s.f).
L RN T .
ams
Car
) 900 kg
300 N luuug N

After the tow bar breakes, for the car

After the tow bar breaks, the only force
acting on the car in the horizontal direction is
the constant resistance to motion.

R(—) -300=900a = a=——
3

u=ﬁ.v=0,u=~-l-,s=?
3

Vo= +2as

0’ =ﬁ2—2xlxs
3
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5=-§-x36=54
2

The distance moved by the car from the moment the
tow bar breaks to the moment when the car comes to

rest is 54 m.
d After the tow bar has broken, in part ¢, R(T] It is a common error to
R =900g. omit the vertical .
- component of the tension
Before the tow bar has broken, in part a, here. That would lead to
R (T) for car the incorrect conclusion
that the normal reaction
R +Tsin15°-900g =0 = R, =900g -Tsin15° <900g is unchanged.
So the normal reaction of the road on the car is increased

when the tow bar breaks.

© Pearson Education Ltd 2C
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