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Further kinematics
Exercise A, Question 1

Question:

A particle P15 mowving in a straight line. Initially F 13 mowing through a point & with

speed 4 m s~ At time £ seconds after passing through O the acceleration of P is

2e** s in the direction OF. Find the velocity of the particle at time £ seconds.

Solution:

o= Iadﬁ=!3&4'xrd£

=-12"" + 4
When t=0,v=4
d=-12+4=A=16
v =16-12¢"3%

The velocity of the particle at time £ seconds is (16 —-12e™#)m 571

1Tl 3
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Further kinematics
Exercise A, Question 2

Question:

L particle P iz moving along the x-axiz in the direction of x increasing. At time
¢ seconds, the velocity of Pis (fsinfim s~ When £ =0, P is at the origin. Show that

when z=g,Pis 1 metre from O

Solution:

x=Jvd£=Jﬁsin.ﬁd£

Tzing integration by parts
x= —rcosr+jcosz dz

= —jcosi+ani+ A
t=0,x=0
When 0=0+0+4A= A=0

x=—fcosti+san{

‘Nhen.ﬁ=£
2

LA S
x=——cos—+sn—=1
2 2 2

Hence F i1z one metre from O, as required.
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Further kinematics
Exercise A, Question 3

Question:

Attime ¢ seconds the velocity, vm s™, of a particle moving in a straight line is given

by v= (20,

3+ 2
When ¢ =0, the particle 13 at a point 4. When £ =73, the particle 15 at the point 5.
Find the distance between 4 and &

Solution:

4
g= jv df = jﬁ dt =21n(3+ 26 )+ C where 5 is the displacement from point A,
+

TWhen f=05=10
0=2In3+0=C=-2In3

&= 20n(3+ 20— 21In 3= 21:{3223]

When £=3
g 211{3;6 ]=21n3

AE =Z2In3Em
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Further kinematics
Exercise A, Question 4

Question:

A particle P15 mowing along the x-axis in the postive direction At time £ seconds the
1

acceleration of Pis 4e2 m s in the positive direction. When £ =0, Pis at rest. Find

the distance P moves inthe interval 0= = 2. Give your answer to 3 significant
figures.

Solution:

1 1
v=!a ¢=J4e§’ dE=%7 + 4

When £ =0w=0
D=8+4d= A=-8
1
v=8&§t—8

The distance moved in the interval 0=f<2 15 given by
o1
s=Ivd.ﬁ=I 8&:_22—8
0
B L
:[16.32 —83} =(16e' - 16)- 16
o

=lbe—32=115
The distance moved 15 113 m (3 s.£)
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Further kinematics
Exercise A, Question 5

Question:

A particle P iz moving along the x-axiz. At titne f zeconds the displacement of F from
1z xm and the velocity of P iz (doos3im 57! ). both measured in the direction Ox.
When £=10 the particle F iz at the origin & Find

. . Fig
a the magnitude of the acceleration when § = —,

12
b xinterms off,
¢ the smallest positive value of ¢ for which & 15 at O

Solution:
a a=d—v=—125in3.t
ds
TWhen £ = i
12

G Do el
4 42

The magnitude of the acceleration when z=% i 64 2m s

b x=Jv&=I4cosBﬁdﬁ=%sin3i+A

t =0,x=0

When D=%x0+;‘1:‘: A=0

x=—sind
3

¢ WhenPisatd, x=0
x=%sin3i =0=rsn3=10
The smallest positive value of £ 15 given by

A=m=t=2
3
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Further kinematics
Exercise A, Question 6

Question:

L particle P iz moving along a straight line. Initially P iz at rest. At time ¢ seconds P
has velocity vm s and acceleration @ m s where

i}
i 2-0—52 |

Find v in terms of £,

Solution:

v—ja:d.ﬁ j
(2+£)

Let =2+, then ——25
di

=I 3 » 2f di
(2+: 3 (2+£9°

2 ipg?

"P :E——
2 24s
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Further kinematics
Exercise A, Question 7

Question:

A particle P is moving along the x-axis. At time ¢ seconds the velocity of Pis vm s

in the direction of x increasing, where
4, D3

V= 3

¥

S- a=tsh

When =0, Fis at the origin &
a Sketch a velocity—titne graph to illustrate the motion of P in the interval 0=¢=< 6.
b Find the distance of F from O when =4

Solution:

2 y(ms™hy

4.5
4

0 3 6 1(s)

b The distance moved in the first three seconds i3 represented by the area
labelled .

Let thiz areabe 4. 4 =3x4 =12

The distance trawelled in the next three seconds 18 represented by the area labelled
@,

Let this areabe A,

a-((-3)

[5-3Ine], = (30-31n6)— (15-31n3)

—15 3n 2
The distance of P from O when £ =6 18 (12+15-3n2)m ={27-2ln JHm .
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Further kinematics
Exercise A, Question 8

Question:

. . L . . . . 1 ¥ .
A particle P is moving in a straight line with acceleration [smazjm 5™ attime

¢ seconds, # 20, The particle iz initially atrest at a point & Find
a the speed of P when =27,

b the distance of F from & when f =—

o
Solution:
1
J Is1n—ﬁdﬁ=—2c05§£+ﬂ
When f=0v=10
0=-2+A4A=A=2
1
v=2—2cos—f
2
When £ =2

v=2-Z2cosm=2—{2x-11=4
The speed of Pwhen ¢=27 is 4dm s

1 1
b x=!v&=![2—2cos§£]&=2£—4sin§£+3

When f=0,x=0
D=0-0+5=5=0

1
x=2f—dsin—¢
‘-Hhenﬁ=£
2
x=2x£—4sin£=ﬂ—4xi=ﬂ—2ﬂq{2
2 4 A2

The distance of P from O when ¢ =% is (m—242)m.

© Pearson Education Ltd 2C

file://C:\Users\Buba\Desktop\further\Mechanics 3lmmt\sb\contenttim3 1 a 8.h

Pagel of 1

3/4/201:



Heinemann Solutionbank: Mechanics 3 Pagel of 1

Solutionbank M3
Edexcel AS and A Level Modular Mathematics

Further kinematics
Exercise A, Question 9

Question:

A particle P is moving along the x-axis. At time £ seconds P has velocity vm s inthe

0.2t

. . . . . . iy . .
direction x increasing and an acceleration of magnitude 4e™ m g™ in the direction x

decreasing When £ =0, P is moving through the origin with velocity 20ms™ in the
direction x increasing. Find

a vinterms off,

b the maximum value of x attained by P during its motion,

Solution:

a

Jl: dt = I— 46" dr =—20e" + A

TWhen f=0,v=20
20 = -20+A= A=40
v=40-20""

b x= Iv de = J(40 —20e™y df = 40t — 100" + B

When £=0,x=10
0=0-100+8= =100
x = 40: — 100" +100

The mazimum wvalue of x occurs when

E=v=4o—20e°-2’=0
de

El:l.ﬁ! P 2
D2t=In2
t=3ln2

The maximum value of x 15 given by

x=40x51n 2—-100x 2 +100= 20010 2100
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Further kinematics
Exercise A, Question 10

Question:

A ocar iz travelling along a straight road. As it passes a sign S, the driver applies the
brakes. The car is modelled as a particle. Attime ¢ seconds the car is x m from 5 and

its velocity, vm 57, is modelled by the equation v = where ¢ and & are

c+di
constants.

Giiven that when £ =0, the speed of the car 1z 40m s and its deceleration is
0.5m s, find

a the value of ¢ and the value of 4,
b xinterms of £

Solution:
3200
a =
o+ ot
SWhen = 0,v=40
40 = el = =250
[
p= 2290 2000080+ de )
B0+
P =E=—3200d(80+dﬁ .
& (20-+de ¥
TWhen £ =0a=-0.5
2
32004 _ o5 g 05xB0
B0 3200
c=804d=1

2200
b x—Jvdﬁ J—dﬁ 320010 (80+z )+ A

TWhen t=0,x=10
0=3200ln80+ A= A4=-32001n 50

x = 32001n(80+¢)-32001nB0 = 320011{_8[;0“ ]
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Further kinematics
Exercise A, Question 11

Question:

A particle P 1s moving along a straight line When ¢ =0, F iz passing through a point
A Attime ¢ seconds after passing through A the velocity, v s™, of P is given by

v=e" 11" +15¢

Find

a the values of ¢ for which the acceleration is zero,
b the distance of F from A when f=1n3.

Solution:

a a=d—v=262’—lle’+l5=0
di

(2¢' -5 (2¢' =9 =0

e! =253
i =ln25n3
2t ¥]
b x=jv&=j(eg’—lle’+155)dz=%—1]e’+%+ﬁ
TWhen £=0,x=10
liil=l—]1+[3l+ﬁ:*:_f-1=E
5 2
o] 2
g E el 10 ol
2 2
When ¢=1n3
ELE 151n 3?21
x=e——116h3+£+—
o 2
2 2
=%_33+]5ﬂ“33‘ +%=M—]8m—8.95

2
: . " . . _ , 15(In3]
Az distance ig a positive quantity, the required distance is [18—T]m .
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Further kinematics
Exercise A, Question 12

Question:

A particle P moves along a straight line, At time £ seconds (where 2 =07 the velocity
of Pis [ 2% +ln{t+2)]m s~ Find

a the value of ¢ for which the acceleration has magnitude 2.2m ™.

b the distance mowved by P inthe interval 12:<4

Solution:
a a:ﬁ: +L=22
d# i+2
L:0.2:>z+2=5:>r=3
i+ 2

4
b x=jvd£=j (2t+In(e+20 de
1
TTeing integration by parts
Iln (f+21de = Il.ln -+ 2 de

= ¢In ':sz'_ji de =¢1n (z+2)—j[1—£]dz

= tln e+ D=+ 200 (E+2) = (+ 2ln (e +2) ¢
Hence x=[¢*+(+2)ln (t+2)—¢ |
= (16+6ln6-4)— (1+31n3-1)
=12+6ln6-31n3=12+31n62—3In3

= 12+31n[3‘3—6]:12+31n12

The distance moved by P in the interval 1224 13 (12431012 m .
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Further kinematics
Exercise B, Question 1

Question:

A particle P mowes along the x-asiz. At time § =0, F passes through the origin & with

velocity Sm s inthe direction of x increasing. At time ¢ seconds, the velocity of P is
& : . 1 ¢ :

vm s and OP=zxm . The acceleration of 2 is [2 +§x m 57, measured in the

positive x direction. Find v* in terms of x.

Solution:

At x=0v=5

lx25=0+0+_»21:: _r-21=E
2 2
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Further kinematics
Exercise B, Question 2

Question:

A particle F mowes along a straight line, When its displacement from a fized point O
onthe line is x m and its velocity is vm s, the deceleration of P iz 4xm 7, At
x=2,v=38. Find v interms of x.

Solution:

a=—4x
d{1
—[—v2J=—4x
dxl 2
£ I (—4x) dx
2

=-2x"+4
At x=2v=2_8

12x64=—8+ﬁ:*: A=40

lvg =—2x° +40

v’ =B0—-4x*
v =+ (80— 4x%)
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Further kinematics
Exercise B, Question 3

Question:

A particle P iz moving along the x-axiz in the direction of x increasing. At
OF = x mix = 0, the velocity of P iz vm 7' and its acceleration is of magnitude

—m 5 in the direction of x increasing. Given that at x=2,v=4§ find the value of x
x

for which P iz instantaneously at rest.

Solution:
4
@= —
X
difl sy 4
i _v g ALY
dxl 2 e
1
—v? = I(4x'2)dx
2
-1
M g g 4
-1 x
At x=2,v=%6

1§x36=ﬂ—2:> A=20

lv:* = gg_i
2 x
When v=10

lifl=2Cl—4

4
—_—— ==
x 0

b
5
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Further kinematics
Exercise B, Question 4

Question:

A particle P mowes along a straight line, When its displacement from a fized point O
onthe line is x m and its velocity is v s, the acceleration of P is of magnitude
25xm s and is directed towards O At x=0,v=40_ In its motion 2 is
instantaneously at rest at two points A and & Find the distance between A and 2

Solution:

o =—25x

d(1
—[—vz J=—25x
dx 2
%vﬂ = I(—Eﬁx}dx

= —Ex2+ﬂ
2

At x=0v=40

lzx 1600=-0+4 = A=1500

lv2=—Ef +500
2 2

When v=10
P 2
U=—?x +300= x* =6d = x =48
AR =16m

© Pearson Education Ltd 2C

file://C:\Users\Buba\Desktop\further\Mechanics 3\mmt\sb\contenttim3 1 b 4.h

Pagel of 1

3/4/201:



Heinemann Solutionbank: Mechanics 3

Solutionbank M3

Edexcel AS and A Level Modular Mathematics

Further kinematics
Exercise B, Question 5

Question:

A particle P i moving along the x-azis. At OF = xm , the velocity of Pis vm 5™ and
itz acceleration is of magnitude kx” m 5™, where k is a positive constant, in the

direction of x decreasing. At x =10, v=16_ The particle 15 instantaneously at rest at

x=20. Find

a

the walue of &,

b the velocity of & when x=10.

Solution:
a a=-ikx"
di1
iy
dxl 2
1
— =I(—h2)dx
3
:—Eq-ﬁ
3
At x=0v=16&
l:’<256=—U+A:> A=128
2
3
L& 00
2 3
“When v=0,x=20
0=-300%% 10
3
_ 3x128_ 6
B000 125
2
e (BN, N
2
SArmnospue
125
x=10

When ¢ = Eﬁﬁ—ixwoﬂ =224
125

v =4 224 =4414

The velocity of P when x=10 iz #4414 m s as the particle will pass through this

position 1n both directions.
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Further kinematics
Exercise B, Question 6

Question:

A particle F 15 mowving along the x-axiz in the direction of x increasing At OF=xm,

the velocity of P is vm 57 and its acceleration is of magnitude 8x° m s™ in the
direction PO At x =2, v=732. Find the value of x for which +=58.

Solution:

Af x=2v=32

%x1024=ﬂ—32:> A=7544

1o sqa_oxt
2

v =1088—4x*
When v=8
64 =1088—4x* = x* =256

1
x=256%=4

© Pearson Education Ltd 2C

file://C:\Users\Buba\Desktop\further\Mechanics 3\mmt\sb\contenttim3 1 b 6.h

Pagel of 1

3/4/201:



Heinemann Solutionbank: Mechanics 3 Pagel of 1

Solutionbank M3
Edexcel AS and A Level Modular Mathematics

Further kinematics
Exercise B, Question 7

Question:

A particle F 15 moving along the x-axiz. When the displacement of P from the origin &
) ) ) _ ) o . X i
15 x tn, the velocity of Pis vim s ! and its acceleration is ésin—ms . At x=0,

v=4. Find
a v interms ofx,
b the greatest possible speed of 2

Solution:

=—18cos£+ﬁ
3
At x=0v=4
%xllﬁ =-18+4A= A=26

lv2 =—18cos£+26
2 3
vi= 52—36::-:;5E
3

x
b The greatest value of v* occurs when cos—=—1.

The greatest value of v*is given by
v = 52+36=388
v =488 =424 22
The greatest possible speed of Pis 2V 22m s (» 9.38m s7)
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Further kinematics
Exercise B, Question 8

Question:

A particle P is moving along the x-axis. At x =0, the velocity of Pis 2m s~ in the
direction of x increasing. At OF=xm , the velocity of Pis vm 5™ and its

acceleration is (24 3™ m s™. Find the velocity of P at x=3 . Give your answer to 3

significant figures.

Solution:

g=2+3%"

d1
—[—vz J= 2+3e
dxl 2

%v:" = I(z +3dx

=2x—3%"+4
At x=0v=2
%x4=0—3+£:}::§1=5

%vﬂ DBl g

vV =dx—6eT +10
A x=3
¥ =126~ +10=21701._.
Vel (20 SR8

The velocity of Pat x=3 is 4.66m s~ (3 5.£), in the direction of x increasing,
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Further kinematics
Exercise B, Question 9

Question:

A particle P moves away from the origin & along the positive x-axiz. The acceleration

of P 1z of magnitude ms™, where OP= xm , directed towards . Given that

2x+1
the speed of Pat O'is 4 m 57!, find

a the speed of P at x=10,
b the walue of x at which F iz instantaneously atrest.
Giwe your answers to 3 significant figures.

Solution:

arl, 4
o _v . —
dx 2 2x+1

2=l )
2 2x+1

=2Ini2x+11+4
At x=0v=4

%x]6=—0+_ﬂ:}: A=8

%vﬁ =—2In(Zx+11+8

v =16—4In(2x+1)

At x=10
v =16-41n21=3.821910__.
v=1954_.

The speed of Pat x=10is 1.95m s~ (3 L),

b When v=10
D=16—-4In2x+1)=n(2x+11=4
4

2xt+l=e = x= =26.799...=26.8 (3s.£).
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Further kinematics
Exercise B, Question 10

Question:

A particle P iz moving along the positive x-amiz. At OF = xm , the velocity of P iz

i . o 4 i _ o
vm s~ and its acceleration is [x— —]m s The particle starts from the pesition

%

where x=1 with velocity 3m s~ inthe direction of x increasing. Find

a vinterms of x,
b the least speed of P during its motion

Solution:
4
a ga=x——
X
d[ng 4
dxh 2 s
ik =J}x—4x3yn
-2 a
=£—4x A=x—+%+ﬂ
2 -2 x
At x=1v=3
lzx9=—+2+ﬁ:>ﬁl=2

v=x+—
x

b The minimum value of v occurs when j;_v=a =10

x—i3=0::= xt =d= x=+2 (as F moves on the positive x-aziz, x> 0)
x
Rigaaio
peA 2t =242
2

The least speed of P during its motion is 2+ 2m s
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Further kinematics
Exercise B, Question 11

Question:

A particle P15 moving along the x-axiz. Initially 15 at the origin & mowving with
velocity 15m 57 inthe direction of x increasing. When the displacement of P from O

: : s : 1 g :
1z x m, its acceleration is of magnitude (10+3x]ms * directed towards . Find the
distance P mowves before first coming to instantanecus rest.

Solution:

a=—[]0+lx]

4

dil
—[—v2]=—10—lx
drl 2 4

lvz =I[—10—lx]dx
2 4

2
—_10x-2 44
3
At x=0v=15
%x 225 =—0-0+A4= ﬁ=%

2
loao qpp X 225
2 2

S m s nop X __ X +80x-900 _  (x+90)(x—10)
4 4 4

v=0=x=10-5%0
Az Pz oitially moving in the dection of x increasing, it reaches x=10 before

x=-90_ The distance P mowves before first coming to instantaneous rest 15 10 m.
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Further kinematics
Exercise B, Question 12

Question:

A particle P iz moving along the x-axiz. At titne # seconds, P iz x m from O, has
1

velocity vim 57 and acceleration of magnitude 6x% ms™ in the direction of x

increasing. When £ =0, x=8 and v=12. Find
a vinterms of x,
b xinterms of £

Solution:

v =9z + B where § =24
At x=8,v=12
144 =9x 16+ 8= 8=10

=053
2
¥ =33
3
b v=E=3x3
ot

separating the variables and integrating

2
FiM:F&

I =3+0
When f=0,x=8
Ix2=0+C=0_"=¢

1

] -

IxF =3 +6
1

=42
r=0+2y
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Further kinematics
Exercise C, Question 1

Question:

& particle P mowes along a straight line, When the displacement of P from a fized

point on the line is x m, its velocity is vm s and its acceleration is of magnitude
& st i : :

— ms % in the direction of x increasing. At x=3,v=4.

x

Find v in terms of x.

Solution:

At x=3v=4
%xlrS:ﬁ—E:} A=10

lvf* =1_[]_E
2 x
vf*:zo—E
X
V= QU—E]
X
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Further kinematics
Exercise C, Question 2

Question:

A particle P iz moving along the x-aziz. At timne 7 zeconds, the displacement of F from
the origin O is x m and the velocity of P is 4e" m s in the direction Ox. When

i=0, i1z at > Find
a xinterms off,
b the acceleration of P when é=1n%.

Solution:

D=8E+4= A=-4
r= 860.5!_ 828(80.52_])

b a=—=2""

When i=In®
a=72e" M =0l =0y 3=§

The acceleration of P when t =109 is 6 ms™.
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Further kinematics
Exercise C, Question 3

Question:

A particle 1s moving along the x-axiz. Attime £ =10, Pis passing through the origin

with velocity Sm s in the direction of x increasing. When P is x m from O, its
o 1 T B ;

acceleration iz [3+Zx]m s in the direction of x decreasing.

Find the positive walue of x for which P is instantaneously atrest.

Solution:

{0 IR

dxl 2 4
e {0 O W
2 4 g

At x=0v=8
32==0-0+Ad= A=732
lvz =32—3x—lx2
TWhen v =10
3 e L2
2
B 424x-256=0
(x+3D(x-8) =0
bs x=0
=2
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Further kinematics
Exercise C, Question 4

Question:

A particle P15 mowving on the x-axs When P 15 a distance x metres from the origin &,

_ o _ 15 L . _
its acceleration 15 of magmtude i m 5™ in the direction OF. Initially P is at the
x

point where x =5 and is moving toward O with speed 6m s~

Find the walue of x where P first comes to rest.

Solution:
=1_52=E:);_2
dx 4
4115,
dxl 2 4
_v— —X dx———x_1+fi
2 4
i —A——
2 dx
At x=5v=-6
183 = A—E:}u{l ISE—E
20 4 4
1, 75 15 15 1
2 4 4x 4 x
When v=10
L TR
x 5
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Further kinematics
Exercise C, Question 5

Question:

A particle F mowes along the x-axis in the direction x increasing. At time ¢ seconds,
the velocity of P is vm 57 and its acceleration is 20fe™ ms™. When £=0 the speed

of Pis 8m s Find

a vinterms of'f,
b the limiting velocity of F.

Solution:

a a=ﬁ=203 E"2
de

s Izoz arbega pasite

When t=0v=238
G _spsrussel g
T

2

b As i —=we” =0 and v— 18

The limiting velocity of P is 18m s
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Further kinematics
Exercise C, Question 6

Question:

A particle F mowves along a straight line. Tnitially P 15 at rest at a point & on the line.

A time £ seconds, where £ 2 0, the acceleration of & 15 m s directed away

(2¢+3)
from &
Find the value of ¢ for which the speed of P iz 0.48ms™

Solution:

18
23 D e
2:&2( 2

y= IlB(E: +3)P =

0 9
202t +3)°
TWhen £ =0wv=0

Y=

o 22+ 3)
TWhen v=048

T = 2 -=0.02
2 2A2+3° 202 +3)
a_ 2 _
(2 +3)" = — =225
120
As 243 =+225=15
i

1=2"2=¢
2
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Further kinematics
Exercise C, Question 7

Question:

A particle P is moving along the x-aziz. At time £ seconds, the velocity of P iz vim 57
and the acceleration of Fis (3— xim 5™ in the direction x increasing. Initially P is at

the origin O and is moving with speed 4 m s~ in the direction x increasing. Find

a v interms of x,
b the maximum value of v.

Solution:

a
lv2=J(3—x)dx=3x—i+A
2 2

V= B+6x—xg,where£ﬁ‘=2ﬂ
At x=0v=4
l6=8+0-0= E=1¢

v =16+6x—

v =16+6x—x" =25-9+6x— 1
=25-(x-3)

As (x=3%20,v <25

The greatest walue of viz 5.
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Further kinematics
Exercise C, Question 8

Question:

A particle F iz moving along the x-axiz. At timme =0, F passes through the origin &
After £ seconds the speed of Pis vm s, OF = x metres and the acceleration of P is
2
5
X (5—x) —
2
Find
a an expression for v* interms of x,
b the speed of P when =0

in the direction x increasing. At x =10, P1s instantanecusly at rest

Solution:

e 2
a a:i[lvz]:M:ﬁi—g

dxl 2 2 2
1 2 4
1a_f(32_ 2}, 5% %,
2 2 2 f 3
3 4
v2=i—x—+3,wherﬁ3=2ﬂ
3 4
At x=10,+=0
D=5UUU—1DEDD+B:‘;B=2SDD

W= _——

3
.  5x 2 2500
2 4 3

b When t=0,x=10

4 2500 50 5043
W=l = =)
. ( }43 () =
The speed of Pwhen =10 1z 5043 m s
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Further kinematics
Exercise C, Question 9

Question:

L particle P mowves away from the origin along the positive x-axis. Attime ¢ seconds,

the acceleration of P 1z m s, where OP=xm, directed away from O Given

Sx+2
that the speed of Pis 3m s~ at x =0, find, giving your answers to 3 significant

figures,
a the speed of Pat x=12,

b the value of x when the speed of Pis Sm s,

Solution:

%vﬂzj 20 dx=4In(5x+2)+ 4

Sx+32
v =8In(5x+2)+ 5, where B =24
At x=0v=73

B=8ln2+B=F=0-8ln2

v = 8ln(5x+2) - 8ln 2+9=81n[5x;2 ]+9

At x=12
v =8In31+9=36471._.

v="36471... =6.039...
The speed of Pat x=12 is 6.04m s (3 af)

h When v=25
95 = 81n[5x52]+9

1n[5x+2]= 25—9=2

2 ]
5}’;""2:&2
2

_ 2t -7
5]

X

=256 (35.£)
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Further kinematics
Exercise C, Question 10

Question:

A car moves along a horizontal straight road At time £ seconds the acceleration of the

100 :

ar 13 Wm s inthe direction of motion of the car. When £ =0, the car 15 at
£+

rest. Find
a an expression for v interms of £,
b the distance mowed by the car in the first 10 seconds of its motion

Solution:
: _E_Lofmo(zcﬁﬁ
df {2+ 3]
i 100 -
v= |100{2f+5 df = (Z+2 +4
2w -1
= a0
2i+5
When f=0w=0
D=A—%:>A=10
v=10- ol
X+ 5
b v=ﬁ=10— 20
i 2E+5
a0
= || 10— —— |dt=10¢ — 25In(2: + 30+ 5
X+ 5
TWhen £=0,x=10
0=-25In5+ 8= 8=25In3

x=106-2531n{Z+ 2+ 25In5
“When £ =10

x=100-251n 25+251n5=]00—251n§=1OD—251n5

The distance moved by the car in the firet 10 seconds of its motion is

(100- 2510 5) m (= 59.8m)
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Further kinematics
Exercise C, Question 11

Question:

A particle P is moving in a straight line with acceleration cos®m 5™ at time ¢

seconds. The particle 15 initially at rest at a point &
a Find the speed of P when i =m

b Show that the distance of P from O when ¢ =; iz é(ﬂ'g +Eim

Solution:

dv 1 1
A @=—=coff=—+—C05 2t

v = l—t—lcos?i dﬁ=l£+lsin2ﬁ+_ﬂ1
2 2 2 4

TWhen f=0v=10
0=0+0+A=A4=0

1 1
v =—i+—zn 2

2 4
TWhen f=a

T

=£+lsin or="4p="
4 2 2

The speed of Fwhen = 13 % ms’.

b The distance of F from & when & =% 15 given by

T

x=Jw[lz+lsin25}!L=|:l£2—lc052£}4
g2 4 4 2 .
2
— ﬂ-__l t— |- U_l
6 2 2
= 1 1

=iy Superdopgy
&4 B &4
_.-"'T

The distance of P from O when £ = o iz él:ﬂ'z +8in , as required.
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Further kinematics
Exercise C, Question 12

Question:

A particle P is moving along the x-axis. At time £ seconds, the velocity of Pis vm 57

in the direction of x increasing, where

1

Ezg, 0£¢<4
v:

et pnd

When £ =0, Fiz at the origin & Find
a the acceleration of F when £ =25,

b the acceleration of  when £ =23,
¢ the distance of P from & when i =6

Solution:

a ‘When i=2.5, v=%.ﬁz

G ey
When ¢=25,a=25

The acceleration of Pwhen £=2.5 iz 2.5m ™ in the direction of x increasing,

b When £=5, v==38""
e

== et

di
When i =5,a=—8:"" =—8"!

The acceleration of P when =5 is 8¢ m ™ in the direction of x decreasing,

¢ The distance of P from O when ¢ =6 15 given by

*1 §
x=I —zgdz+j St ds
g2 4

4
£ 64
== |:E:| +|i_834_!j|i ZF—BEQ +8
i

The distance of F ffom O when =6 iz [5—;—83_2 ]m =176m (3:1f)
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Further kinematics
Exercise C, Question 13

Question:

L particle P iz moving along the x-axiz. When : =0, Fiz passing through & with
velocity 3m s inthe direction of x increasing. When 0< x< 4 the acceleration is of

; 1 2 =5 : : :
magnitude [4+§x]ms * inthe direction of x increasing. At x =4, the acceleration of

. . . 1 .
Frhanges For x> 4, the magnitude of the acceleration remains [4 +§xjm s butit

1z now in the direction of x decreasing.

a Find the speed of Fat x=4.

b Find the positive value of x for which F i1z instantanecusly at rest. Give yvour answer
to 2 sigmificant figures.

Solution:
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i =8x+§+3,where £=24
At x=0v=3
O=0+0+8= F=9
2
v = Bxt+ 49
A x=4
v =32+8+9=49= v=7
The speed of Pat x=4 is Tms™.

di1 1
]J = — —vg :—4—_x
dxl 2 2
1 2
v =C—dx-l
2 4
52
v:":D—Bx—?,WhereD:ZC
At x=4v=7
49 = D-32-8= [)=289
2

ey &
>

TWhen v=10

P H16x=178= 2 +16x+64 =242
(x+8)7° =242 x=11¥2-Bas x>0
x=76(2sf)
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Further kinematics
Exercise C, Question 14

Question:

L particle P is moving along the x-axis. At time ¢ seconds, P has velocity vm 7 in

. . . . 3 . -
the direction x increasing and an acceleration of magnitude tn s i the

£+1
direction x increasing. When =0, Fis at rest at the origin & Find
a vinterms of'f,
b the distance of F from O when £=2

Solution:

v=2f+In(i+1+ A4
When f=0w=0
0=0+4A= A=10
v=2f+InE+1)
b The distance of P from & when i =2 1z given by
2
x=j (2 + 1ol +1Tnde
0
TTzing integration by parts

Iln(f.+1}d.ﬁ = jlln(ﬁl)di =r.1n(£+1}—JA;? dt

= ﬁln(ﬁ+1)—JA[l—L]d£ =iln+—i+Inli +1)
t+1

=+ DInlt+T—2 (+C7
Hence x=[# ~t+(+Dln@+D] =2+30n3
The distance of F from O when ¢ =2 18 (2+53ln=)m
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Further kinematics
Exercise C, Question 15

Question:

A particle F iz moving along the x-asiz. At timme £ seconds iz x m from O, has
velocity vm 57 and acceleration of magnitude (4x+ 8 m s~ in the direction of x

increasing. When =0, P iz passing through ¢ with velocity 3tm s~ in the direction
of x increasing. Find

a vinterms of x,

b xinterms of £

Solution:

%vg =2 +6x+ A

v =45 +12x+ B, where =24
A x=01+=3

8 =0+0+5=5=0

v =42 +12x+9=(2x+3)?
Azvigincreasing as x increases
v=2x+3

b v=£=2x+3
di

Separating the variables and integrating

L dx = |1ds
2x+3

%1n(2x+3} =t+C

lni2x+3 =2 +2C
2x+3 =" = De* where D =&*°
When f=0,x=10
3=De"= D=3
2x+3 =3¢"

3
=ran —1
x 2(»3 ]
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