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Elastic stringsand springs
Exercise A, Question 1

Question:

Cme end of a light elastic string 15 attached to a fixed 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 15 A M. Find the total length of the string when

a A=730,
h A=12
c A=16.
Solution:
(T:'T=4 +— Hooke's Law
_Ax
- 3
So,ﬂi=4
. 3
L == X 12
* i
12

oo Total length of string, L= 3+I

a A =30 L=3+E
30
=3d4dm
h L=12: E.=3+E
12

=4dm
c 1=16: L=3+E
16
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Elastic stringsand springs
Exercise A, Question 2

Question:

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

Solution:

by Hoolee's Law,

0p = 25(1-08)
i

47 =5 -4

4=]

MNatural length iz 4 m.
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Elastic stringsand springs
Exercise A, Question 3

Question:

An elastic spring of modulus of elasticity 20 M has one end fized. When a particle of
tasz 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 of the spring.

Solution:

Let natural length be /

(T =g=93
T e
_ 20(1.34 )

4 9.8=20 “'T‘D

O.Bi=28- 20
29 8 =28=}£=£=@
298 145

0_3g=£

140
14%

o Bﬁxxl49

J6g o
149
x= 03683
8w 140
Total length of string iz 0.3683+m
=131m (3sf)
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Elastic stringsand springs
Exercise A, Question 4

Question:

4 light elastic spring, of natural length & and modulus of elasticity A, has one end
fized. A scale pan of mass M i1s 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:} I_Mga
A
(M +m)g =202 o, = PO
A
: ol FHEE
S == (M +m- = il
S | fL( sl ) T
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Elastic stringsand springs
Exercise A, Question 5

Question:

Anelastic string has length a1 when supporting a mass s and length @, when

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

Solution:

_— }L(a}—f) ©
_May D)

{

@

my g

Diwiding,
my o=l
my o a=l
i fay = 1) = mylay =1
iy = ey = ey — )
e PR
i P

A A
)

Ig (o — ) = Ay —ay)
i,

(o —ay)

_ g(ml—mg) (P, — Py
(@ —ay) (o —iy)
_ e, —may)
=F
(4 —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 partticle
of mass m 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 9a and the other end 1z attached to the ceiling
of the room at a point B vertically above 4 Find the distance of the particle below the
ceiling when it 15 1n equilibrium.

Solution:

Za+xt+x, =i
xn+x, =3a a
MT =meg+7,
dmgm _ gl 2EgE,
a a
2 =a+tix
1
xl—x2=5a @
D+ 2x1=?—a=:~x1=7—a
é 4
a 1la

o Distance below ceiling iz & +% =—

4
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Elastic stringsand springs
Exercise A, Question 7

Question:

A uniform rod P, of mazs 5 kg and length 3 m, has one end, P, smoothly hinged to a
fized point. The other end, (7 1z 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 1z on
the same horizontal level as P with BF=5m. The system 1z in equilibrium and
ZPQR=90" Find

a the tension in the string,

h the natural length of the string.

Solution:

POR = 90" = QR =4m

B
COS = =) sing =—
3 5

a m(F, 5g)<§cos&: =37

Sgw 2y lisar
SS50s

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

g el

1470 =120-30
4477 =120

{ =268
Matural length 15 27 m (2 s )
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Elastic stringsand springs
Exercise A, Question 8

Question:

A light elastic string A8 has natural length F and modulus of elasticity 2mg. Another
light elastic string C0 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 fized point. A particle of
tnass 2 1 hung from the end D and is at rest in equilibrium, Find the length 40

Solution:
| EEEEEE.
t (T)T= mg (throughout the length)
1 8 PREN 121
1 {
. : X dingx,
BICYyT 1 and mg = ; = x, ==/
L SJAD =24+
: -
T4 |4, 4
D i}
e
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Elastic strings and springs
Exercise A, Question 9

Question:

Anelastic string P4 has natural length 0.5 m and modulus of elasticity 9.8 17 The
string P52 15 mextensible. The end A of the elastic string and the end B ofthe
inextensible string are attached to two fized points which are on the same horizontal
level The end F 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 48 and F4 perpendicular
to P8 Find

a the length of FA,

b the length of FE,

¢ thetension of F5.

Solution:

a (~_ alongPA),
T =2gcostll=g=58N

20, AL =495
5

n=035
AP =05405

=1m

h $=tan30° =im

NE

= 0577 m
=0.58m (25.£)

c (7 along PE),
T, =2gcos30°
3

L
g2

=g 3N

= 172 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 I and natural length 0.8 m. The end {0 of the string iz attached to a
point on a reugh plane which is inclined at an angle o to the horizontal, where

taty o =§. The coetficient of firiction between the particle and the plane 15 % . The

particle rests in limiting equilibrium, on the point of sliding down the plane, with 20
along a line of greatest slope. Find

a the tension in the string,

b the length ofthe string.

Solution:

(/')T+4?g = ngin{x:ﬁ?‘g

- 28
5
=392
=39NW{2:M)
h 352 =%
0.8
xr=01368m

o Length of string 15 09568 =096 m (2 2.1
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Elastic stringsand springs
Exercise B, Question 1

Question:

L 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 patticle is held at rest and then released Find the
initial acceleration of the particle

a if PO=08m initially,

b if PO=04m initially.

Solution:
- - (LB m - -
T < a
MN%‘WW
o P
a («7T =4da
7= 40 0.3
0.5
=24
s2d =dg
6 =ua

initial acceleration iz 6 ms

h §—==a
VAVAVAVAVAVAVAVAV - S S 02 |
0
(=5 =4da
o= 40=0.1
]
=31
S8 =da
2=u

initial acceleration is 2 m s
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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 5 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:
S — B
o Tn equilibrium position
S T =0.4g
; 0.8 m T = 203
o 0.8
§ = 25x
P 25x =04dg

-
% .‘_‘%r
. R
=
Il
.
M|E,l3~"
_h

0.4 g
E_ 1 After further extension,
E—j [ (L% m d)T_ 0.4g =04da
<\ - 2002

l H
; i = 2545
r& 4 So, 25x+5-04g =04a
(0.2 5
'@ ‘T
ﬁ =125
-2

initial acceleration iz 12.5m s
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Elastic stringsand springs
Exercise B, Question 3

Question:

.6m

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 4 and B which are on the same horizontal level, with
AEB =06m. The particle 15 held in the position shown, with AP=E8F=05m, and

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

Solution:

LI

5 g
=20><0.6=30

0.4
ix30—9.8=a
5

42=a

initial acceleration is 14.2m s™ upwards
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Elastic stringsand springs
Exercise B, Question 4

Question:

A particle of mass 2 kg 1s attached to one end F of a light elastic spring. The other end
{} of the spring 15 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 vertically
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)

sl B,

o, 3

a=-313

magnitude of initial acceleration is 2.13m 5™ and direction is downwards
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Elastic stringsand springs
Exercise C, Question 1

Question:

Anelastic spring has natural length 0 & m and modulus of elasticity 8 N Find the
wotle done when the spring is stretched from its natural length to a length of 1 m.

Solution:
a 2
21 2w0.6
=10&617T
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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 M, 15
compressed to a length of 0.6 m. Find the elastic potential energy stored in the spring,

Solution:
2
21 2% 0.8
=017
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Elastic stringsand springs
Exercise C, Question 3

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

Solution:

1006 R0z
e S

10
=_—(06-03
2.4( }

wotl done =

= E};{ 0.9=03
2.4

=1.1257
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Elastic stringsand springs
Exercise C, Question 4

Question:

An elastic spring has natural length 0.7 m and modulus of elasticity 20 M. Find the
wotrk done when the spring is stretched from a length

a 07mto09%m

b 08mto 1.0m

c 12mto 1dm

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

Solution:

a i(o.zﬂ sty = 057 Ti3st)
2% 0.7

20

2% 0.7

= %XO.AM 0.2=1.147 (3s.£)

(0,32 -0.1%

e 2% P05y
%07

= %m.zxo_z =3437(3s£)
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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 elasticty 10 N One end
of the spring 15 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:
MT=2¢
7 Be
1.2
24
g=_==024
10 =

2

2g energy stored = M

%12
=23.07=23T(2:f)
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Elastic stringsand springs
Exercise C, Question 6

Question:

An elastic string has natural length @ Cne 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

fLKZazzm

[

=1 =m

2
= _E_Mzgm‘gﬂ
1 2 2ot

2 myg
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Elastic stringsand springs
Exercise D, Question 1

Question:

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

mass 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:
v 9
! ‘0_ Conservation of energy
A =] EE gain =EE loss
i 17 2
2 1
mg| =1
l 2= 2
2 2
1
Vhi=pag)
7€
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Elastic stringsand springs
Exercise D, Question 2

Question:

A particle of mass #2 15 suspended from a fizxed point O by a light elastic string, of
natural length @ and modulus of elasticity dsg. The particle 15 pulled wertically
dewnwards a distance & from its equilibrium posttion and released from rest If the

particle just reaches &, find .

Solution:
i 2
&l At equilibrium, T =g
drnge 1
o =M =e=—u
@ 4
J Conservation of energy
PE gain =E E lozs
i 1
{ 3 ] Equilibrium 1 ding E‘z"'d
| mg|a+—a+d =
i o 4 2
= Sa 2 sad
° @ 22 ad 2o (7 o s
16 2
2 2
Sa” st aua
4
E i
16
(ignore solution — —] 34_:1 =
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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 F and O
which are at the same horizontal level The length PO is 20 A particle of mass w2 15
fastened to the midpoint of the spring and 1= held at the mid-point of 2. The particle
1z released from rest and first comes to instantane ous rest when both parts of the string

take an angle of 60° with the line PO Find the modulus of elasticity of the spring.

Solution:

i LI Conzervation of energy
DPE loge =EE gan

; v
2 -
cos G0°

2

gl tan 60" =

mgfﬁ = A
modulus 13 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 1 has one
end attached to a fized point O 4 particle of mass 2 kg is attached to the other end.
The particle 15 held at a point which 15 3 m vertically below & and released from rest
Find

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

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

Solution:
a0
a Conservation of energy
. Im EE gan+PE gain =EE loss
v 2
T lxzxﬂ"f‘+2gx2=—21'6x2
2 2%1
P =432-392
=4
2m I© = 2m gt
0 03#1—'
b ==
< Conservation of energy
g EE logs =T E gain
lszﬂ = mged
OI é 2 =gd
e
020m(2sfi=—=4d
d g
VI distance from @ is 080 m (2 2. £)
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Elastic stringsand springs
Exercise D, Question 5

Question:

L 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 P hangs at rest in

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

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

% kelow & Find 7 in terms of @ and g

Solution:
1I—l
(MT =mg
- J,K 2a = g
+1 a3
b |2a A= Bmg
| |3 :
r@'
y
meg
EElozz+PE logs =EE gain
Gt i L ]
il : 2 3 2 e
1 : g  10ag _3g 494
i 2 3 4q 9
104 U? _4%g 10ag
i ' 2 1a 3
i 7 = Bag w2
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-point of a light elastic string, of
natural length 3 m and modulus A . The ends of the string are attached to two points
A and B onthe same horizontal level with AF = 3m. The particle 15 held at the

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

Find a the value of A,

b the speed of P when it 13 0.5 m below the initial position

Solution:

a PE loss=EE gain

o V133
; 2 2
}( =
= %15
e 2208 0T
(N13-3)
=160 N (2 s.£)
h 10
g o—ttm g AP=15+05
10.5m Jl_O
|P 1
v
EE gan+EE gain =P E loss
3
o103
jRe 28 L2
= =0.5¢
2 2%1.5

pro g W03,
3
F =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 F before it first comes to rest.

h Find the greatest speed of P during the fall

Solution:

_°_ 0, =
LV PE loss =EE gan

3g(2+x) = —Hj'ﬁxﬂ

g D=x'-—x-2

0=(x—2(x+1)

x=2(x-1) +— Lenore negative root.

falls 4 m
A :
0;) 'E[F
b Greatest speed at equilibrium position
=Tt (HT =3¢
117 6xe
) =3
2 5 14
g =0.5m

T4 EE gain+EE gain =TPE loss
117.600.5° 1

T ]‘ S +§><3V:‘ =3gx25
7354150 =735
V=664
3 =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 . The other end of the string 15 fized to a

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

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

Solution:

[\

("R =Z2grosy = B?E

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

a
,U,B?gxz =Eg)<25inoc—4§§1
108 _ 128,
5 35
_12g-100
~ 16g
= 0.11(25£)
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Elastic stringsand springs
Exercise E, Question 1

Question:

A particle of mass w2 iz supported by two light elastic strings, each of natural length
sz, o) :
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
TWhen 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 raize the particle to the mid-point of A57

Solution:

file://C:\Users\Buba\Desktop\further\Mechanics 3lmmt\sb\contenttim3 2 e 1.h 3/4/201:



Heinemann Solutionbank: Mechanics 3

mg

a If |:059=§,T=ﬁ from
so,ﬁmg zlﬁmgx from &
2 16a
2a
_:x
3
than§= 4 from @
2a
a+=
3

which 15 true.

(M2Tcos@=mg @
by Hoolke's Law

Tzlﬁmgx @
16a
sing = = &
a+x

b work done on particle = overall gainin energy
=PE gain—EE loss

FM={a+xicosd

2a 44
=|lg+— |—
.

_ Ha
3
4
SJPE gan = mg?a
2o, work done = Amga — i L
12
Mg
= 16—
o (16-5)
_ 1lemga
12
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EE logs =initial EE —final EE.

2
= omg o (28] _p
16 2a 3
zlﬂmgdlazKE
16% 2axs

_ Smga

12
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Elastic strings and springs
Exercise E, Question 2

Question:
A light elastic spring 15 such that a weight of magnitude W resting on the spring
produces a compression . The weight 1z allowed to fall onto the spring from a

: a L : ; i
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 [7; (T)T =
by Hooke's Law,
> W _Aa
'-':—": {
_:_:_::_ 2 W = El E. E = &
! a |
@ v
da
L ) *
C; W
=4 :_9
S =
S =
Tsing conservation of energy,
PE lossof W =EE. gain of spring
2
W E +x | = ;Li
2 2!
3 W -—
50, W (_ +x] = B cubstitute for };— from above.
3a° +2ax =x°

0 =x" — Dax—3a°
0 ={x—3a)x+a)
Lx=3aor—a

J. MAaXUnum Compression is Ja
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Elastic strings and springs
Exercise E, Question 3

Question:

A light elastic string of natural length 0.5 m 15 stretched between two points F and O
on a smooth horizontal table. The distance P2 12 0.75 m and the tension in the string i3
15 M

a Find the modulus of elasticity of the string.

& particle of mass 0.5 kg 15 attached to the mid-point of the string. The particle 15
pulled 0.1 tn towards O and released from rest.

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

Solution:
a -— .75 m —————————
| |
P Q
x=075-05=025
by Hooke's Law, 15= 1205'25
= 1=30N |
h 0.375 0375 —
| | ifinal)
| o |
P v Q

0.475 ——==+—0.275 —

Q ! =0 (initial)

P V Q

Tsing conservation of energy
EE gain =EE loss

EE.loss =initial EE ~final EE.

50 (0.225% +0.025% —2x0.125%
28025
= 60(0.05125-0.03125)
=127
lxlxvzzl.z
2D
Se,v* =4.8

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

Question:

A particle P of mass e 12 attached to two strings AF and BF. The points 4 and 5 are

on the same horizontal level and AR =_1—a.

The string AF iz inextensible and AP=%.

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

Sla
Zmg 4+ 51

Solution:

AABP 53,4, 530 APB=90"

(/. along PB) T, =mgcosd =_3r;gg
by Hooke's Law, 7, = @
gy ypoaliith_ e

{ 5

SA{-i4a) = 3mg!
SA+3mgl =5a
054, 4+ 3mg) =54
;= Sla
(5 + B

© Pearson Education Ltd 2C
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Elastic stringsand springs
Exercise E, Question 5

Question:

A light elastic string, of natural length @ and modulus of elasticity Jwmyg, hasz one end
attached to the base of a wertical wall. The other end of the string 15 attached to a small

ball The ball 15 held at a distance %1 frotn the wall, on arough horizontal plane, and
released from rest. The coefficient of friction between the ball and the plane iz %
a Find, interms of @ and g, the speed FFof'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
(i} R Vv
e P — (TR =mg
n 1
_Q S Friction = —mg
C 1p | 5
5 1
Ja i

wotrk done against friction = overall lossin energy

=EE loss—EE gan
2

1 3@:_5%2 1
TR S 1

Jog _ 338 g
5 4
i Jae, Meeuele) o)
4 5 20
- 13ag
20

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

Work done against friction = K.E loss

1 1. f2rd 1 ap?
—mgd =—m|— | =—m—
5 2] 5 27 25
5 gEs
1%
50

Ao 13 less than @, the assumption that the string 13 still slack 13 valid.

© Pearson Education Ltd 2C
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Elastic stringsand springs
Exercise E, Question 6

Question:

a T[Tsing integration, show that the work done in stretching a light elastic string of
2
natural length [ and modulus of elasticity A, from length [ to length (f +x) iz ;inf

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

whow that the worle done is the product of the mean tension and the distance mowved.

Solution:

b work done = EE gain of stnng

_ A b1
=2 ' -a?)

il ;‘I‘ _
=~ bra)e-a

_ 1A Aal
‘5(?*?](’5 2
1
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Elastic stringsand springs
Exercise E, Question 7

Question:

A light elastic string has natural length [ and modulus 2mg. One end of the string is
attached to a particle & of mass #2 The other end 13 attached to a fized point C on a

4i

rough horizontal plane. Initially P 15 at rest at a point 22 on the plane where O0 = o

a Oiven 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
h Find the speed of P when the string returns to its natural length

¢ Find the total distance mowved by F hefore it comes to rest

Solution:
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a
R
| r
|
uR
C 4] D
g 3
mge
(MR=mg ()uR=T
pmg =T
by Hooke's Law,
2mz !l Zmg
I 3 3
_ 2mg
Mg = 3
s 2
3
Ly Qo 9,
¢ v 0
! {

wotle dotie against friction = owverall loss in energy

=EE loss—EE gain

2
2m 2mgl® 1 e

Eal I = £
2" 202
%V:’:gf—%gf——gf
2
szggf
= gl
3

¢ String is now slack

wotle done against friction = K. E loss

2 1
—mod =—m¥—gl
3 g 2 =
ol =lf
2
5 _ o B
« 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 m 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

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

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

a If BAP= A, show that the ratio of the extension of AF and BF 12
dcosd -3

daind -1

b Hence show that cosﬂ[4cosﬂ —3:|= 3sin8(4sin8—1:|.

Solution:

extension of AP =02cesd -0.15
extension of BF = 0.2and -0.05
0.2::039—0.15){%
0.2sin8-005 20
_dcosd -3
 4sing -1

C.oratio 1

h (A yaeng FE:T, =5gcosd
(o Valong PA: 7, =5g=nd
T, cosd
Fl_sinﬂ
ﬂ,xgxﬂ.lﬁ _ cosd
0.05 Az  sind

sG,

3x, cosd

x sin g
. oxm _ Zand
e —==

x, cosd

o deosd =3 - 3sind
 dsind -1 cosd
Jandidsnd -1) =cosB(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 fixed

point. The particle 1z held in equilibrium by a horizontal force of magnitude 9 8 N with

the string inclined to the vertical at an angle &

a Find the value of 8

h Find the extension of the string.

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

Solution:
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{ " perpendicular to string)

w10 I
98cosd =Hgand

1

—=tand 3
afl o
g=tan"| = |=184
3

b (—) Tsing =98

T =980
14.?'1}{?: = ggm
x=@mz2.lm(25.fﬂ)

least force will be perpendicular to string
(MF =73gsnd
_ 8 i

V10

s Bgm M
10
=93 (2:1)
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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 & particle P of
mass i 15 joined to A by a light inextensible string of length 4o and 1z joined to Sbya

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

held at the point O, on AE produced, such that 20 =g and both strings are taut. The
patticle P s released from rest.

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

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

Solution:

a by conszervation of energy,
EE gain+EE gain =TPE loss

1 5, mgx

—m +—— = mgda
2 4 Za
BPF=15z (3,4,5 A)
S0, x=4a
1 ., mg 16a°
L=t 4 — = myg da
2 4 Za
v +dza = Bga
v =dga
v =2, ga
mg  da

h zx=da  T=—"2x—
4 a

:mg
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