INTERNATIONAL A LEVEL

Mechanics 3 Solution Bank @ pearson
Exercise 4E

1 a G Conservation of energy.

—mu” ——mv- =mgl(l—cosf

5 5 gl( )
lmv2 —lmuz—m 1(1—cos 8)
2 2 &

V' =3gl—2gl(1-cos0) = gl(1+2cos )

Resolving towards the centre of the circle:

2

T —-mgcosd = U4

\3gl T=mgcos9+ngl(l+2cos9)=mg+3mgcos9

b String slack :>T=0:>COS(9=—§:>height:l+§:4?Z

¢ When the string goes slack, v’ = gl(1+ ZX(—éjJ = g?Z

So horizontal component of velocity =§ g

Using energy, if the maximum additional height is /4, then

2
mgh+lm>< l\/g =lm(gJ
2 3V3 2 \3

=£— ! =8—l=4—l, height above 4 =4—l+4—l:4—01
6 6x9 54 27 3 27 27
2 a R Conservation of energy from top to P:
1
P mg><6=mg><6cos€+§mv2
9 ,
! v =12g(1-cos®)
3g
6 m % 1
0 I
Resolving towards O:
12
3gcosd—R= o x38 (1—cos8)

r
9gcosf—-6g =R

b R:O:>c0s6’:§,6’z48°
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2 1
2 cwv :12gx§:4g
Speed — vcos 4, dvsin@+ gt
Distance — v cos ¢, »1«vsin6’t+%gt2 :6x%:4
2\/§§t+§t2 =4,4.9t2+%t—4=0

t~0.545...

Total horizontal distance from O =6sinf+./4g cos@xt =6.7m

3 a R Conservation of energy:
4
u 1 2 |
P Emu +mgr=§mv + mgr cos @
b ,
'8 e _rg 1, +7rgcosf
mg 8 8 2
Org
2
. 9 v =T—2rgcosé’
0
my’

b Resolving towards O: mgcosf —R =
r

9
=mg| ——2cosd
g(4 j
9 3
R:O:>3mgc0s6’:mgxz, cosé’zz

c v2:9£—2rg ,
4 4 4 4

(3 _3rg _ 3rg

d Conservation of energy from 4 to the table:

lmv2 =—mu’ +mgr
2 2
v :u2+2gr:g+2gr:9%, v:% rg ms’

After leaving the hemisphere the horizontal
component of the velocity remains constant.

Direction is angle & to the ground,

3rg 3
N2 X% \/5
coS =————F—=——

Ixrg 4

a =64
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4 a Conservation of energy:

1
mgr = 3 mv® +mgr cos 0

V' =2mgr(l1—cos @) = 4mg(1—cos )
Resolving towards O:

2 —
3gcos0—R:3L: 3x4g(1—-cos )

2 2

R=0=9gcosf =6g, cos0:§

0~ 48"
b Using conservation of energy from the highest point to the ground:
%mv2 — mgh = mg x4, v =+/8¢ when P hits the ground.
When P leaves the sphere v = 4mg(1—cos 0) = 4mg x%, V= \/@

After leaving the hemisphere the horizontal

component of the velocity remains constant.
\Sg Direction is angle « to the ground,
Fx: o2 1
3 3
cosa = =—X,[|—
] - P J8g 3 Vo
4g a="74

Forces acting along the radius:

2
mgcosO— R = my- _ mx3ga _ 3mg
r 4a 4

RZOSCOSHZ%

Distance fallen =g —acos@ = %

b Conservation of energy from the top to the point where the particle leaves the sphere:

1 1
Jga_ 1 .1 . 3ga _ga_ga . _ga _ |ga

1
2 4 2 2 8 4 8 47 N4

mﬁ
&4
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5 ¢ Looking at the energy at the top and level with the centre:
r , 1 ., 1 ga , 9ga 3 9ga
—mv" =—mu" +mga=—m=—+mga,v =—="—,v=—4/ga=,[—"—
2 2 & 2 4 & 4 2 & 4
3 After leaving the hemisphere the horizontal

?x/fg component of the velocity remains constant.

e B

Direction is o, cosa = =—
IxJag 4

3 o = 64° to the horizontal

Conservation of energy:

1, 1 1
—mv” +mg—cosd =mg—cos10°
2 &2 &2
v = g(cos10° —cos )
Forces acting towards O:

2
my

0.5m 0 mgcosfd—R = =2my’

R=0= gcosd=2v"=2g(cos10" —cos#) = 3g cosd = 2g cos 10’

cos@=§cole°, 0~49°

b The particle will fall through a parabolic arc (projectile motion) towards the surface in the positive
x direction.

7 a Total height lost
= 5(1—cos70°)+7(1—cos40°)+0.5
=5.427...

=54m
Conservation of energy:

%x2xv2 =2xgx5427..

= v=10.3ms™

1
b At R:E><2><v2 =2g(12—500s70° —7cos40°)

=’ =96.58
R () towards B:

2
my

mgcosd—R=

2

R=2gcos40’ —2% =-12.6<0

This is impossible, so the particle must have lost contact with the chute before this point.
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7 ¢ Inreality, energy is lost due to friction between the laundry bag and the chute.

K.E. + P.E. at lowest point :%mu2
K.E. +P.E. at rim = %mv2 + mgx4?a

=u’ =V +_8§a

After the particle leaves the bowl:

The vertical speed when the particle returns to the level of the rim of the bowl is vsiné

. . 2vsi

downwards, so using v=u+at,—vsin@=vsinfd—gt, t = vsin@
g
. . . C e 2vsin @
The horizontal distance covered in this time is vcos @ x
g
The width of the top of the bowl =2 x?a = 4\?‘1
2
=Y Ginoos 0> 2 v G Niag’ V> 3ag
g 3 3 3 3
8ga 17ga

=u’ >3ag +—=>— 3

so minimum value of u is ‘/17;g

b Energy would be lost due to the frictional force acting on the marble, requiring a larger initial
speed for the marble to leave the bowl.
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