Further Mechanics 2

SolutionBank
Dynamics 5E
I a In equilibrium:
Resolve and use Hooke’s
R(MT =0.75¢ < Law with the equilibrium

extension (e).

Hooke’s Law: T =%

;80
1.5
Y 80e
0.75gN . 0.75g=§
e= 0.75><9.8><18'—5
=0.1378...
e+1=1.637... P The total length of the
N spring is required.
The length of the spring is 1.64 m (3 s.1.)
b
B F =ma x is measured from the
1.5m A=80N 0.75g —-T = 0.75% <«—— equilibrium level, and ¥ is in
the direction of increasing x.
9 Hooke’s Law:
B U To avoid decimals use (e + x)
x' N T - 80(x + ¢) for the extension where
P T= < 80c
1.5 —=0.75g (from a)
* 80(x +¢) 1
B7ogN £ 0.75g -0 TE) _ g 755
froma 0.75g = 810—56
' < of the form X = -w’x
- 0.75% = —&x
1.5
80
=——X
1.5x0.75
. SH.M.
c o’ = __ 8
1.5%x0.75
Period = 2n =2m, /—1'5 x0.75
0] 80
=0.7450...

The period is 0.745s (3 s.f.)
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x = 0 at the equilibrium level.

Use F = ma and Hooke’s Law

to find w.

Compare previous line with ¥ = —@’x.

1 d v2=a)2(a2_x2)
80,
1.5x0.75
E 2.5*x1.5%0.75
80
a=0.2964...
The amplitude is 0.296 m (3 s.f.)
2 a RMT=05g
Hooke’s Law: T =ﬂ
0.5m A=50N l
p_Soe
N R 0.5
e AT T =100e
P -.100e=0.5g
0.5gN
g =0.5><9.8=0.049
100
The extension is 0.049 m (or 4.9 cm)
b
F =ma <
0.5m r=50N  05g-T=05%
ak 1 Hooke’s Law: T =ﬂ
i, 0 T [
Xy T__ T_50(e+x)
* o 0.5
M 0.5gN T =100(e+ x)
. 0.5g—-100(e+x) =0.5%
from al00e =0.5g
—100x = 0.5%
X =-200x
@’ =200 <
period = 2m_2r _ 2% _m
® 200 1042 10

The period is %\Es (or 0.444s (3 s.f))).

¢ amplitude =0.2 m
Vi =w'(a’ —x)
V. =0d

=4/200x0.2

=22

The maximum speed occurs at the
equilibrium level (i.e. when x = 0).

A

The maximum speed is 22 ms™ (or 2.83 ms™' (3 s.f)).
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3 a For the impact: [ = my—mu
3=2v

v=1.5
The speed immediately after the impact is 1.5 ms!.

In equilibrium

b
RMNT=2g
1.5m
Hooke’s Law: T =%
T e
e T 1.5
P Ae
-9 <
1.5 g
2gN i
When oscillating:
F=ma
2g-T =2X
Hooke’s Law: T =%
7 Ale+x)
1.5
_Ale+x) oy
1.5
From above: 2% = 2g
1.5
REECY
1.5
. A
X=——x
3
as A >0, thisis S.H.M.
¢ period _m_m
o 2
w=4
From ¥=-=x, &’ =§
REQT
3
A =48

A is unknown so will
remain in this expression.
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3 d maximumspeed=1.5ms"!
V=’ (a’ —x%)

Vo =04 < Maximum speed occurs when x = 0.
1.5=4a
a= L5 _ 0.375
4
The amplitude is 0.375 m.
4 a Tk """}_" e In equilibrium:
_____________ x} RMT =2¢g
0.12m * Hooke’sLaw: T =&
2gN Y !
X
7 500e
A=500N !
) 500e
2g= 0120 € Change cm to m.
For the oscillations:
F=ma
2g-T =2x
, Ax
Hooke’s Law: T =T
7o 500(e+ x)
0.12
20— 500(e+ x) o
0.12
From above: 500e =2g
0.12
500x
— =2X
0.12
250
=———X
0.12
, 250 . o 2
W =—- < Compare line above with ¥ =—-w"x.
0.12
period = 2n _ 2n 0.12
250

=0.1376...
The period is 0.138 s (3 s.f.)
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amplitude = 0.04 — e
________________ v2 — a)z a2 _x2
: ; ( )

______________ Vi = A0 <

T || 250
6.12 — [ x(0.04-e)
10.08 1 m 0.12
_ /@{004_2@012}
0.12 500

=1.611...

Maximum speed
occurs when x = 0.

The maximum speed is 1.61 ms™' (3 s.f)).

5 a A In equilibrium:
RMT=04g

0.40 m Hooke’s Law: T =%

7= 10.05
""""" 0.4

0.05mAT
.---$---. .'./lx0'05=0.4g
04

2
104

0.05

A=3.2g=3136

g

For oscillations:
F =ma

04g-T=0.4x%
Hooke’s Law: T =%

~ 31.36(x+0.05)
0.4
_31.36(0.05) _
0.4
31.36
0.4
- SHM.

T

0.4g 0.4%
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5 ¢ From X:—L?’fx
04
o V31.36
04

period = 2n _ 27 X 04

® V3136
The period is 0.449 s.
amplitude = 52 — 45 =7 (cm)
The amplitude is 0.07 m.

=0.4487...

d VvV =0'("-x%)
V.. =0d
\31.36
0.4

=0.98

x0.07

The maximum speed is 0.98 ms™!.

e 11 cm from the lowest point

= AP =41cm.
S x=—4cm=-0.04 m
X =acoswt < P starts from an end point.

—0.04=0.07cos ot

1( 0.04) 1( 4}

!t = COoS —— | = COS _

0.07 7
1

t=—cos 1(—£J _ 04 o 1(—£J
o 7) A31.36 7
=0.1556...

P takes 0.156s to rise 11 cm (3 s.f.).
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In equilibrium:
RMT=04g

Hooke’s Law: T =%

T =& =20e
0.5
. 20e=04g

For the oscillations:
0.5m l =10N F - ma
R 04g-T=0.4x%
e
iy TRl Hooke’s Law: T = Ax
xi AT I
Pf T 10(e+x)
0.4g N 05
~04g 10T _ 4 45
0.5
From above 0.4g = 10e
0.5
x4z
0.5
X= _20x =-50x
0.4

. SHM.with ®* =50

amplitude =0.2m

X =acoswt

x=0.2cos \/%l‘

String becomes slack whenx =—e

—% = 0.2005\/51‘
20
cos\/%t = _2_g -2 -0.98
20 10

V50t = cos ' (—0.98)
1 a
t =—=cos (—0.98
V50 )

t=0.4159
The string becomes slack after 0.416s (3 s.f.)
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6 b The velocity of P is given by * = @* (a2 —xz)

where w? =50, a=0.2 and x =0.196

Therefore at the instant the string becomes slack
v’ =50(0.27 - 0.196)

v=0.2814... ms!

At the instant the string becomes slack, the particle is no longer moving under SHM but under
gravity. To find the time taken for P to pass through this point again use

v=u-+tat

with v=-0.2814, u = 0.2814 and a = —9.8

—0.2814 = 0.2814 — 9.8¢

t=0.5742...s

So the time taken for the string to become taut again is 0.574 s (3 s.1.)
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7 a In equilibrium:
R(T)T =1.5g < a can be done by using
1 conservation of energy but b
Hooke’s Law: 7 = Ax needs S.H.M. So S.H.M. has
) been used for both parts.
1 _Sg = ﬂ
1
e= l'j =0.3675m
40
For the oscillation:
F =ma
1.5¢g-T=1.5x%
Hooke’s Law: 7T = %
_40(x+e)
1
% . 1.5g-40(x +e)=1.5%
1.5g N
From above 1.5g = 40e
1.5x =—-40x
. 80
X=——X
3
_ [s0
3
amplitude = 0.8 - 0.3675=0.4325m
V2 — a)2(a2 _x2)
When the string is cut: x=0.4325-0.4
=0.0325
and v* = @ (0.43252 — 0.03252) < Find the speed when the string is cut.
3

=4.96
Motion under gravity:

2 2
Vv =u"+2as

A

Use motion under gravity.

0=496-2x%x9.8s
s= 4.96 =0.2530...
2x9.8

height above equilibrium position
=0.2530-0.0325=0.2205

Height is 0.221 m.
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7 b For S.HM. X =acoswt A Particle starts from an end-point.

x=0.4325cos, /8—301‘

x=0.0325 0.0325=0.4325cos, /S—St

80 0.0325
3 04325
3 . (0.0325
t=,/—cos
80 0.4325
=0.2896
Motion under gravity:
v=u-+tat
0 =+4.96 -9.8t
~ 4.96
9.8
total time =0.2896...+ 4.96 =0.5168...

The time taken to reach the highest point is 0.517s (3 s.f.)

8 a 4 In equilibrium
A
0.6m A=15N RMT, =1.5g+T,
I SR S,
Hooke’s Law:
e A TA
P

1.6—e 1.5¢ N

0.6m| Y
Y
B T = ﬂ You must consider P to
l be attached to two strings.
15¢e The tensions in the two
T, = R =25e parts will be different.
15(1.6—
. _IL6=0) _ 4525,
0.6
o 25e=1.5g +40—-25¢
50e=1.5g +40

1
e=— (.52 +40)=1.094
50( g+40)

In equilibrium, 4P =1.69m (3s.f.)
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8 b A For the oscillations:
0.6 m A=15N 15(e+x)
r,=—10
—————————— 0.6
. TB=15(1.6—(e+x))
0.6
F =ma
1.5g+ 151.6-(e+x)) 15(e+x) 5%

0.6 0.6
1.5g+40-25(e+x)—25(e+x)=1.5x%
1.5g+40—-50e—-50x=1.5x
from a 50e =1.5g + 40

s 15X =-50x
.30 100
X=———Xx=——""xX
1.5 3

.. P moves with S.H.M.

¢ amplitude =0.15 m

&l

x=acosa)t=0.15003[ jt

When x = —0.1 P The equilibrium position is the
0.1

centre of the oscillation.
Tj
Cos ﬂ T |=-
NE) 0.15

B2

-0.1 =0.15cos(

—
[OSN] =

10 0.15
=0.3984...

T7=0398 (3sf.)

9 a Until rope is taut:

A

Climber falling freely under

v =u’+2as gravity.
vV =0+2x9.8x8

v=12.52...

When the rope becomes taut the climber’s speed is 12.5m s (3 s.f)

© Pearson Education Ltd 2018. Copying permitted for purchasing institution only. This material is not copyright free. 11



Further Mechanics 2

SolutionBank

9 b At the equilibrium level:
16 m Hooke’s Law: T = & <«—— | bcanbe s.olved by using
/ conservation of energy.
However ¢ involves time, so
__________ _ 40 000e S.H.M. methods are needed.
e 16 It is more efficient to use
__________ S.H.M. for both parts.
. T R(MT =70g Of DOTL patts
TTLY T 4
P$ 70g = 0 000e
16
70g X 16x70g  7g
40000 250
For the oscillation:
F =ma
70g —-T =70x
Hooke’s Law: T’ =W)
16
70g—w=70)€ < From a: 70g:%6006
16
4000 250
X = =— b
16 X 7 7
2
o =20
7 Use the result from part a, ie
Vi =w’(a® -

156.8 =220/ ¢
7 250
2

, _156.8x7
a +
250 250
a* =4.4656. ..
a=2.113...

Total distance =2.113+¢e+8

A

the speed when x = e(= 7_g)
250

The amplitude is the greatest

2113108 48
250
=10.38...
The total distance fallen is 10.4 m (3 s.f.)

distance below the equilibrium
level.
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9 ¢ x=acoswt

A

Because of the symmetry of
S.H.M. there are several
methods available for c.

x=2.113cos @t
7

When x=e
7—g=2.113cos,/@t <
250 7

7 ,1 7%9.8

t=,]—cos | ———
250 250x2.113
7

period = 27 _ 27, |—
0] 250
Time while the rope is taut:
7%x9.8

\/ﬁ_ 250 © [250x2 113

=0.2846...

While moving under gravity:

This method assumes the oscillation is
complete and finds the time from the
highest point (x = @) to the equilibrium level
(x = e). This time will be subtracted from
half the period. So it does not matter that
this part of the oscillation does not exist.

Time from highest point to lowest
point of a complete oscillation is half

) .

the period. Subtract the time for the
missing part (before the rope is taut) to
obtain the time while the rope is taut.

The time before the rope

1 <
S=ut+—at
2
8=1x9&2
2
._16
9.8

total time = i +0.2846...

V9.8

=1.562...
The total time is 1.56 s (3 s.1).

becomes taut is also needed.
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Challenge

Particle P moves with SHM, time period

T =2m, / ml
Smg
=2n, |—
\ 5g
Particles P and Q together move with SHM,

time period 37 = 6n g
\5g

(m+km)l
Smg

l(1+k)

Also 3T =2=xn

=21

So 6m /— 27 ’ 1+k

Wi =2J1(1+k)
9! =41 (1+k)
9=4+4k

5

k=2
4
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