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Elastic stringsand springs
Exercise A, Question 1

Question:

Cmne end of a light elastic string 15 attached to a fized point & force of 4 M 1z applied
to the other end of the string so as to stretch 1t The natural length of the string 15 3 m
and the modulus of elasticity 1z A M. Find the total length of the string when

a A=30,
h 1=12
c A=16.
Solution:
(T:'T = +— Hooke's Law
_Ax
- 3
S, ﬂi:dl
. 3
{ _ag 12
* A

o Total length of string, L= 3+%

a =30 L=3+E
30
=3dm
h A=1z: L=3+E
12

=4m
c =14 .-f.=3+E
14
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Elastic stringsand springs
Exercise A, Question 2

Question:

The length of an elastic spring is reduced to 0.8 m when a force of 20 I compresses it
iven that the modulus of elasticity of the spring 15 25 I, find its natural length.

Solution:

by Hooke's Law,

0 = 23(1-08)
i

47 =5 -4

4=]

Hatural length iz 4 m.

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 3 Pagel of 1

Solutionbank M3

Edexcel AS and A Level Modular Mathematics

Elastic stringsand springs
Exercise A, Question 3

Question:

Anelastic spring of modulus of elasticity 20 M has one end fixed When a particle of
tnasz 1 kg is attached to the other end and hangs at rest, the total length of the spring is
1.4 m The patticle of mass 1 kg iz removed and replaced by a particle of mass 0.8 kg
Find the new length ofthe spring.

Solution:
Let natural length be {
14
- (T =g=98
T e
P 2004-D
{
4 9.8=20 “'Tn
DBl =28-20
298 =28=1 g ol 0
298 149
20x
08g =——
L T
149
0Bge ,%ﬁxﬂf?
S6g s
149
x = 03685
5w 140
Total length of string iz 0.3683+m
=131m (3sf)
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Elastic stringsand springs
Exercise A, Question 4

Question:

A light elastic spring, of natural length & and modulus of elasticity A, has one end

fized. A scale pan of mass M is attached to its other end and hangs in equilibrium.
A mase e iz gently placed in the scale pan. Find the distance of the new equilibrium

position below the old one.

Solution:
Mg:ﬁ:}xlega
@ A
(M+m)g=ﬂ:§xgzm
Y A
- Bt PR
x—x = ES(M - M) =2
Ta fl,( m— M) A
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Elastic stringsand springs
Exercise A, Question 5

Question:

An elastic string has length ¢y when supporting a mass s and length @, when

supporting a mass #z, . Find the natural length and modulus of elasticity of the string.

Solution:

_— }L(a}—.f) @

i fl(ﬂz -1
i
Diwviding,
e N il
my =
oy (ay —1) = my (g — 1)
pyay —pnay = i — )

R i PR o

@

my g

= By

bg (ay — iy ) = Alay —ery)
A A 4t
(@) — ay)

_ g(ml—mg) (g — Py
(a—ay) (g —wmy)
(e, — )

(@ —a;)
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Elastic stringsand springs
Exercise A, Question 6

Question:

A light elastic spring has natural length 2a and modulus of elasticity 2mg. A particle
of mass m2 15 attached to the mid-point of the spring One end of the spring, A4, 15
attached to the floor of a room of height Sa and the other end is attached to the ceiling
of the room at a point 5 wertically above 4. Find the distance of the particle below the
ceiling when it 15 in equilibrinm.

Solution:

Ze+xt+x, =i

xn+x,=3a ¥

ME =meg+T,
amgm _ gl 2mgr,

a a

2n =a+ix

1

xl—x2=§cz 2
D+ 2x1=7—a=:-x1=?—a
2 4

o Distance below ceiling iz a +?Ta = E

4
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Elastic stringsand springs
Exercise A, Question 7

Question:

A uniform red P2, of mass 5 kg and length 3 m, has one end, P, smoothly hinged to a
fized point. The other end, () 15 attached to one end of a light elastic string of modulus
of elasticity 30 M. The other end ofthe string 15 attached to a fized point & which iz on
the same horizontal level as Fwith 8F=5m. The system 12 in equilibrium and
ZPQR=590" Find

a the tension in the string,

h the natural length of the string

Solution:

POR = 90" = QR=4m

2w
COS == sinf =—
3 5

a =, 5g><§cos&: =3F

Sgx 2y 2T
A

o= 3?3' =147H
Tension 15 147 I

e died

1470 =120 30
44 7 =120

[ =268
Matural length 1z 27 m (2 s £
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Elastic stringsand springs
Exercise A, Question 8

Question:

A light elastic string A8 has natural length J and modulus of elasticity 2myg. Another
light elastic string T has natural length 7 and modulus of elasticity g, The strings
are joined at their ends B and C and the end A is attached to a fixed point. A particle of
tnass i 1 hung from the end D and iz at rest in equilibrium, Find the length 40

Solution:
il oy &
(T)T= mg (throughout the length)
L 50, mg=2m€xl=:~xl=lf
IR ¢
. : Xy dingx,
BICYT 1 and mg = : =5, ==
s LAD =4+
: -
ol i 4
D ¥
g
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Elastic strings and springs
Exercise A, Question 9

Question:

Anelastic string PA has natural length 0.5 m and modulus of elasticity 9.8 1. The
string P B 15 mextensible. The end A of the elastic string and the end & ofthe
inextensible string are attached to two fized points which are on the same horizontal
level The end P of each string 1z attached to a 2 kg particle. The particle hangs in
equilibrium below A5, with FA making an angle of 20" with A5 and F4 perpendicular
to PA Find

a the length of FA,

b the length of 5,

¢ thetension of P8

Solution:

a (™~ alongPAY,
T =2gcostllP=g=5%8N
8.b8x
g0, =

9.8
n=035
LAP=05405
=1m
h §=tan30'=im
1 V3
= 0577 m
=0598m (2s1f)

¢ (7 along PE),
T, =2gcos30°
NG

L,
g2

=g 3N

= 17 N2 s .£)
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Elastic stringsand springs
Exercise A, Question 10

Question:

A particle of mass 2 kg iz attached to one end F of a light elastic string PO of modulus
of elasticity 20 M and natural length 0.8 m. The end O of the string iz attached to a
point on a reugh plane which iz inclined at an angle o to the horizontal, where

taty of =§ . The coetficient of friction between the particle and the plane 13 % . The

patticle rests in limiting equilibrium, on the point of sliding down the plane, with 2P0
along a line of greatest slope. Find

a the tension in the string,

b the length ofthe string.

Solution:

(/')T+4?g = Zgsin =6?g

=28
5
=392
=39M{2:1)
h 352 =&
0.8
x=01568m

oo Length of string 15 0.9268=0%6m (2 2.£)
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Elastic stringsand springs
Exercise B, Question 1

Question:

A particle of mass 4 kg iz attached to one end F of a light elastic spring 20, of natural
length 0.5 m and moduluz of elasticity 40 M. The spring restz on a smooth horizontal
plane with the end & fized. The particle is held at rest and then released. Find the
initial acceleration of the particle

a if PO=08m imtially,

b if PO=04m initially.

Solution:
- - (L8 m - -
T < [}
’“\mmxw\_w\mg
o r
a (7 =4da
7= 4003
0.5
=24 M
n2d =da
6 =ua

initial acceleration is &G ms

§—=u
u%mf‘u”\r\,%o
0
(=8 =4da
o= 40101
0.5
=8N
LB =da
2=u

initial acceleration is 2ms™
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Elastic stringsand springs
Exercise B, Question 2

Question:

A particle of mass 0.4 kg is fized to one end 4 of a light elastic spring A8, of natural
length 0.8 m and modulus of elasticity 20 M. The other end & of the spring 1z attached
to a fized point. The particle hangs in equilibrium . Tt 15 then pulled vertically
dewnwards through a distance 0.2 m and released from rest Find the initial
acceleration of the particle.

Solution:
— B
B In equilibrium position
S (MT =0.4g
; 0.8 m T = 203
e 0.8
§ = 25x
P 2ox =04g

~
: 'C—oae'vd"i!'
) =
-
Il
e
Sy
Lh

0.4 g
C_; i After further extension,
= - (MT-04g = 0.4a
5 ' 7= 20(;;-;0_2)
i |
; x = 25x+5
r H So, 20x+5-04g =04a
0.2 5
'@t “Toa
uT =125
initial acceleration is 12.5m =
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Elastic stringsand springs
Exercise B, Question 3

Question:

6 m

A particle P of mass 2 kg iz attached to the mid-point of a light elastic string, of
natural length 0 4 m and moduluz of elasticity 20 M. The ends of the elastic string are
attached to two fized points A and 5 which are on the same horizontal level, with

A8 =046m. The particle 15 held in the position shown, with AP =EF=05m, and

released from rest. Find the initial acceleration of the particle and state itz direction.

Solution:

iHBU—S‘.B =g
5

42=q

initial acceleration is 14.2m s upwards

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 3 Pagel of 1

Solutionbank M3

Edexcel AS and A Level Modular Mathematics

Elastic stringsand springs
Exercise B, Question 4

Question:

A particle of mass 2 kg 1z attached to one end & of a light elastic spring. The other end
{} of the spring is attached to a fixed point & The spring has natural length 1.5 m and
modulus of elasticity 40 M. The particle 15 held at a point which 12 1 m wertically
abowe & and released from rest. Find the initial acceleration of the particle, stating its
magnitude and direction

Solution:

I m

(MT-2g =2a
_40%0.5
15
40
i
LB
o, 3
a=-313

magnitude of initial acceleration is 3.13m s and direction is downwards
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Elastic stringsand springs
Exercise C, Question 1

Question:

An elastic spring has natural length 0.6 m and modulus of elasticity 8 M. Find the
wotle done when the spring is stretched from itz natural length to a length of 1 m.

Solution:
a 2
2 2x0.6
=10&6T
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Elastic stringsand springs
Exercise C, Question 2

Question:

An elastic spring, of natural length 0.8 m and modulus of elasticity of 4 1, 15
compressed to a length of 0.6 m. Find the elastic potential energy stored in the spring

Solution:
2
2 2w 0.8
=017
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Elastic stringsand springs
Exercise C, Question 3

Question:
An elastic string has natural length 1.2 m and modulus of elasticity 10 . Find the
wotle done when the string is stretched from a length 1.5 m to a length 1.8 m.

Solution:

1006 [1g%0s
4 o A

10
=— (0603
2.4( }

wotl done =

= EK 0.59%0.3
2.4

=1.1257
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Elastic stringsand springs
Exercise C, Question 4

Question:

An elastic spring has natural length 07 m and modulus of elasticity 20 M. Find the
work done when the spring is stretched from a length

a 07mto0%m

b 08mte1.0m

c 1lZ2mto 14 m

[MTote that your answer to a, b and ¢ are all different|

Solution:

a _Eg_mzﬂ—W):05711@s£)
2% 0.7

b —Eg—maﬂ—uﬁj
2107

=%><U.4><0.2=1.14 T(3s.£)

e 2 ooy
%07

= %xl_zxo_z =3437 (35 £)
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Elastic stringsand springs
Exercise C, Question 5

Question:

A light elastic spring has natural length 1.2 m and modulus of elastictty 10 W One end
of the spring is attached to a fized point. & particle of mass 2 kg 15 attached to the
other end and hangs in equilibrium. Find the energy stored in the spring,

Solution:
(M7 =2¢
7 e
1.2
24g
e=_==024
10 =

2

2g energy stored = M

%12
=230T=23T(2:f)
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Elastic stringsand springs
Exercise C, Question 6

Question:

An elastic string has natural length @ One end 15 fixed A particle of mass 2 15
attached to the free end and hangs in equilibrium, with the length of the string 32 Find
the elastic potential energy stored in the string.

Solution:
MT =2mg
ﬂ.x?azzm
)
=1 =mg
2 2
i _H‘L_Mzgm‘gﬂ
I 24 2

2 myg
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Elastic stringsand springs
Exercise D, Question 1

Question:

Anelastic string, of natural length [ and maodulus of elasticity g, has one end fized to
apoint A on a smooth horizontal table. The other end is attached to a particle F of

maszs 2. The particle 15 held at a point on the table with AP =§ and 15 released. Find

the speed of the particle when the string reaches its natural length.

Solution:
T T
! ‘o_ Conservation of energy
A e EE gain =EE loss
i 17 2
. 1
1 me| 5t
it =
2 2
1
Phi=peg)
2
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Elastic stringsand springs

Exercise D, Question 2

Question:

A particle of mass e 15 suspended from a fizxed point O by a light elastic string, of
natural length @ and modulus of elasticity dag. The particle 15 pulled vertically
dewnwards a distance & from its equilibrium posttion and released from rest. If the

patticle just reaches &, find .

Solution:

0}

@

-
F
L

Equilibrium

i

© Pearson Education Ltd 2C

At equilibrium, T = meg

dpnge
=g = e=—a
@ 4
Conservation of energy
PE gain =EE lozs
[ 1 ]
dmg Ecﬁ_d
g (a +—a +dJ =
2
5 2 sad
22 vad |8 8yl
16 2
2 2
E. =2 L og?
4
E =4°
16
(ignore solution — —] ?;_a =
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Elastic stringsand springs
Exercise D, Question 3

Question:

A light elastic spring of natural length 27 has itz ends attached to two points 2 and O
which are at the same horizontal lewel The length PO is 20 A particle of mass w2 13
fastened to the midpoint of the spring and 15 held at the mid-point of P2 The particle
1z released from rest and first comes to instantane ous rest when both parts of the string

take an angle of &0° with the line PO Find the modulus of elasticity of the spring.

Solution:

i LI Conzervation of energy
DE loge =EE gain

; 2
2¥A -
cos&l®

2

gl tan 60" =

mgfﬁ = Al
modulus 1s mgﬁ
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Elastic stringsand springs
Exercise D, Question 4

Question:

A light elastic string, of natural length 1 m and modulus of elasticity 21.6 M has one
end attached to a fized point O A particle of mass 2 kg iz attached to the other end
The particle 15 held at a point which 12 3 m vertically below & and releaszed from rest.
Find

a the speed of the particle when the string first becomes slack,

b the distance from & when the particle first comes to rest.

Solution:
a0
4
a Conservation of energy
. Im EE gan+PE gan =EE loss
vV | 2
] Loyt pogup=2LOXE
2 2%1
P?=432-39.2
=4
2m L
0 O:kg
h ==
< Conzervation of energy
g EE logs =P E gain
lszz = mgad
0[ é 2 =gd
2
020m (2sf)=—=d
d g
VI distance from @ is 0.80 m (2 2.£)
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Elastic stringsand springs
Exercise D, Question 5

Question:

A particle P iz attached to one end of a light elastic string of natural length . The
other end of the string is attached to a fized point @ When F hangs at rest in

equilibrium, the distance C4F 13 ?a . The particle 15 now projected vertically

dewnwards from O with speed I and first comes to instantanecus rest at a distance

% kelow & Find IF in terms of @ and g

3

Solution:
0 ==
MT =meg
# A Z2a
| —¥— =g
T i s
g
b (2a s
rl |3 ’
r@'
y
mg
EEloss+PE logs =EE gan
o v ol [/ L
a : 3 2
1 : Bf L 10ag _3g 494
| 2 3 4 9
i“_;" U_:4 _4%g 10ag
i ' 2 12
i 79 = Dagw 2
l“ ! 12
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Elastic strings and springs
Exercise D, Question 6

Question:

A particle P of mass 1 kg is attached to the mid-peint of a light elastic string, of
natural length 3 m and modulus A 1. The ends of the string are attached to two points
A and B onthe same horizontal level with AF = 3m. The particle 13 held at the

mid-point of A5 and released from rest. The particle fallz vertically and comes to
instantaneous rest at a point which 1s 1 m below the mid-point of A5,

Find a the wvalue of A,

b the speed of P when it 12 0.5 m below the initial position

Solution:

a PE loss =EE gan

o V133
1 S
}r\’ =
7 o%15
1=_2%38 _gn176x2
(V13-3)?
=160 17 (2 5.£)
b 10
A LLLL SR B AP =f1.5% 405
10.5m J0
|P e
Vv

EE gain+EE gain =P E loss

2
o V102

1 28 L2
-+ =05g
2 2xl.5

o g W03 s
3
P =28%=29ms ' (2sf)
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Elastic stringsand springs
Exercise D, Question 7

Question:

A light elastic string of natural length 2 m and modulus of elasticity 117.6 M has one
end attached to a fized point O 4 particle P of mass 3 kg iz attached to the other end.
The particle 18 held at & and released from rest

a Find the distance fallen by P before it first comes to rest.

b Find the greatest speed of P during the fall

Solution:

_O_ 0, =
10 PE loss =EE gain

Gg24 = —Hjﬁxg

]

O=x"-x-2
D=({x-2x+1)

x=2(x-1) +— Lznore negative root.

falls 4 m
A :
0;) 'E“
b Greatest speed at equilibriutn position
-r MT =3¢
117 6xe
) =3
2 > g
g =05m

Ti EE gain+EE gain =T.E loss
117,605 1

T 'JW' T b3 =3gx25
] 2w 2
73541507 =735
V=664
g =66ms (2af)
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Elastic stringsand springs
Exercise D, Question 8

Question:

A particle P of mass 2 kg iz attached to one end of a light elastic string of natural
length 1 m and modulus of elasticity 40 M. The other end of the string 15 fizxed to a

: B o ng 3
point & on arough plane which 15 inclined at an angle of, where tan o = e The

patticle 1z held at & and released from rest. Given that P comes to rest after movwing
2 m down the plane, find the coefficient of friction between the particle and the plane.

Solution:

[\

(SR =Z2grosy = B?E

Wotl done against friction =P E. loss —EE gain

a
,ug?gKE =2gx25ina—4§$
g 128
5 3
_12g-100
T
= 0.11(25£)
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Elastic stringsand springs
Exercise E, Question 1

Question:

A particle of mass e iz supported by two light elastic strings, each of natural length &
s, B :
and modulus of elasticity % . The other ends of the strings are attached to two

fized points A and 5 where A and & are in the same horizontal line with A8 =2a
When the particle hangs at rest in equilibrium below A8, each string makes an angle
& with the vertical

a Werify that cosd= %

b How much work must be down to raise the particle to the mid-point of A57

Solution:

PhysicsAndMathsTutor.com
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(T2Tcos@=mg @
by Hoolee's Law

T 15mgx ®
16
sind = 3
a+x
a If cosd =E,T= 5;?2;5 from @
5 8
Dz _ 15mzx from &
8 16a
2
3
I:hanE =2 from @
5 ey
a+=
which 15 true.
b work done on particle = overall gainin energy
=DPE gain—EE loss
PM ={a+x)cosd EE loss =initial EE - final EE.
2
=(a+2_aJi — 15mg 2;:; 2_(1 _02
309 16% 2a 3
dex .
= = o 1omgda” 2
dg 16 2axd
SJPE gan = mg? _ Swmza
12
2o, work done = Amga — i L
12
mga
= 16—
5 (16-3)
_ 1lega
12

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 3 Pagel of 1

Solutionbank M3
Edexcel AS and A Level Modular Mathematics

Elastic strings and springs
Exercise E, Question 2

Question:
A light elastic spring 1z such that a weight of magnitude Wresting on the spring
produces a compression . The weight W 1s allowed to fall onto the spring from a

: o e : ; o w
height of ) above it Find the mazimum compression of the spring in the subsequent

motion.

Solution:

Let / be the natural length of the spring.
Let A be the modulus of the spring.

T [} ('rle =W
by Hooke's Law,
> W _Aa
'-':—": i
_:_::-_ S W = El E. E = &
! a |
Q@ v
Aa
o ) X
C; W
= |2 :_9
S =
= =
Tzing conservation of energy,
DPE lossof W =EE. gan of spring
2
W & +x | = ;Li
2 2!
3 W -—
s0, W (_ +x] = BV csubstitute for ‘jJ— from above.
3a’ +2ax =x°

0 = x* — Dax— 3"
0 =(x—3a)x+a)
Lx=3aor—a

. MAXUNUI COmpression 15 3a
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Elastic strings and springs
Exercise E, Question 3

Question:

& light elastic string of natural length 0.5 m 15 stretched between two points & and
o a smooth horizontal table. The distance P2 12 075 m and the tension in the string 13
15 M.

a Find the modulus of elasticity of the string.

L particle of mass 0.5 kg 15 attached to the mud-point of the string, The particle 1z
pulled 0.1 o towards O and released from rest.

b Find the speed of the particle as it passes through the mid-point of PQ.

Solution:
a 0.75m
| |
P Q
x=075-05=025
by Hooke's Law, 15= 1);05'25
= 1=30N '
b — 0375 —e=>—— (0375 —
| | ifinal}
| o |
P v Q

0.475 ———==—0.275 —

Q ! =0 {initial)

P V Q

TTsing conservation of energy
EE gain =EE loss

EE.less =initial EE ~final EE.

L (0225 +0.025% 2% 0.125%
2% 0.25
= 60(0.05125-0.03125)
T
lxlxvgzl.z
pita
Se, v =438

v =219m s (3sf)
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Elastic stringsand springs
Exercise E, Question 4

Question:

A particle P of mass e i attached to two strings AF and BF. The points 4 and B are

on the same horizontal level and A8 =1—a.

The string AF is inextensible and HP=%.

The string BF is elastic and BF =a.
The modulus of elasticity of BF iz A Show that the natural length of 5F is

Sla
Zmg 4+ 51

Solution:

AABP is3.4, 530 APB=90"

(/. along PB) T, = mg cos =3"”?g
by Hooke's Law, 7, = @
S, A (—I+a) _ 3mg

{ 3

SA{-i4a) =3mgl
SAL+3mgl =5a
J054, 4+ 3mg) =5
;= Sla
(54 + Zmg)
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Elastic stringsand springs
Exercise E, Question 5

Question:

A light elastic string, of natural length @ and modulus of elasticity Jmyg, has one end
attached to the base of a wertical wall. The other end of the string iz attached to a small

ball The ball 15 held at a distance B—CI frotn the wall, on a rough herizontal plane, and

released from rest The coefficient of friction between the ball and the plane is %

a Find, interms of @ and g, the speed FMof'the ball as it hits the wall.

The ball rebounds from the wall with speed % :

b Find the distance from the wall at which the ball comes to rest.

Solution:
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a
0 R v
= ; = (MR =me
_G S Fnction= lmg
O 1p ]
<]
a i
- ? -
wotk done against friction = overall lossin energy
=EE. loss—EE gain
2
a
13 _7|3 /‘Z/ e
547 26
0 28 g
5 4
pr=20g Zag _ag(25-12)
4 5 20
o 13ag
UI 20
h

Friction will be same.
Azsume string is still slack when ball
cotnes to rest.

Work done against friction = K E loss

1 1 f2r¥ 1 ap?
—mgd =—m|— | =—m—
5 2] 5 o 25
S VR I 7
5 s
1%
50

As e 15 less than @, the assumption that the string 15 still slack 15 walid
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Elastic stringsand springs
Exercise E, Question 6

Question:

a [sing integration, show that the weork done in stretching a light elastic string of
2

natural length [ and modulus of elasticity A, from length [ to length (7 +x) is ;inf

b The same string 1z stretched from a length f + @) to alength ({1 4+5) where b =a

whow that the worke done is the product of the mean tension and the distance moved.

Solution:

b work done = EE gain of sting

’I;L 2 2
= Depd
23( a’)

. ;;I" _
=~ bra)e-a)
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Elastic stringsand springs
Exercise E, Question 7

Question:

A light elastic string has natural length 7 and modulus 2mg. One end of the string is
attached to a particle & of mass # The other end 1z attached to a fized point C on a

. 2 : : 41
rough horizontal plane. Initially F iz at rest at a point 2 on the plane where OO0 = T
a Given that P iz in limiting equilibrium, find the coefficient of friction between F
and the plane.
The particle P iz now moved away from C to a point & on the plane where CE =27
b Find the speed of P when the string returns to its natural length
¢ Find the total distance mowed by P hefore it comes to rest

Solution:
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a
R
l r
I
LR
C 4] D
T
mg
(MR=mg ()pR=T
pmg =T
by Hooke's Law,
2mg !l Zmg
I 3 3
_ 2mg
Mg = 3
i 2
3
- o 9,
¢ v 0
! !

wotl dotie against friction = owverall loss in energy

=EE loss—EE gain
2
2m _ 2mgl” 1 e

¢ String iz now slack

wotl dene against friction = E.E loss

2 1
—mgd =—m¥—gl
3 g 2 o
o =l£
2
. , i 3
- total distance trawvelled 15 E
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Elastic strings and springs
Exercise E, Question 8

Question:

A light elastic string of natural length 0.2 tm has its ends attached to two fized points A
and 5 which are on the same horizontal level with A8=02m A particle of mass

5 kg 1z attached to the string at the point P where AP =10.15m. The system iz released

and F hangs in equilibrium below AL with APB =90".

a If BAP= d. show that the ratio of the extension of AF and 5F 1=
doosd -3

LET

b Hence show that cosﬂ(4cosﬂ —3:I= 35in9(4sin9—1j.

Solution:

extension of AP =02cesd-015
extension of BF = 0.2and —-0.05
0.2::038—0.15){@
0.2:nd-005 20
_dcosd -3
 4sing -1

O rafio 1

h (7 yaeng FE: T, =5gcosd
(o along FA: T =5gs=ind

T, cosd

?1_ sin &

Lx, KU.lﬁ _ cosd

0.05 Ax  sind

g0,

3x,  cosd

x sind
. xm _ 3and
Le.—=

x, cosd

s deoosd =3 - 3sin g
" dsind -1 cosd
Zsind(deand —1) = cosd(dcosd -3
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Elastic stringsand springs
Exercise E, Question 9

Question:

A particle of mass 3 kg iz attached to one end of a light elastic string, of natural length

1 m and modulus of elasticity 147 M. The other end of the string 15 attached to a fizxed

point. The particle 1z held in equilibrium by a horizontal force of magnitude % 8 N with

the string inclined to the vertical at an angle &

a Find the wvalue of 8

h Find the extension of the string.

¢ Ifthe horizontal force 15 removed, find the magnitude of the least force that will
keep the string inclined at the same angle.

Solution:
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{7 perpendicular to string)

v I
98cosd = Hgsind

1

— =tand 3

4= tan_l[l}zlﬁ-ﬂlo
3

b (—) Tsing =098

T =980
14.7"])<x = ggm
x=L§mz2.1m(25.f.)

least force will be perpendicular to string

(MF=73gsnd

1o
=3€mN

10
=93 (2sf)
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Elastic stringsand springs
Exercise E, Question 10

Question:

Two points 4 and B are on the same horizontal level with A5 =3a A& particle P of
mass #2 15 joined to A by a light inextensible string of length 4a and 15 joined to Sbhya

light elastic string, of natural length & and medulus of elasticity % . The particle F iz

held at the point O, on A8 produced, suchthat 20 =g and both strings are taut. The
patticle P is released from rest.

a Show that when AF 1z vertical the speed of Pis 2 ga

b Find the tension in the elastic string in this position,

Solution:

a byconszervation of energy,
EE gain+EE gain =PE loss

2
1W2+Ex— = mgda
2 4 2a

BP=25a (3,4,5 A)

So, x=4a

So—my + :
2 4 Za
v +dza = Bga

v =dga
v =2y ga
mg da

b z=da  T=—"Sx—
4 ]

:mg
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