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Chapter review

1 R(J)RcosO =mg
: > 2mu’
R(<—>)Rs1n9:mv _ =
r 3a
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Dividing = tan 6 =——, but
3ag
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tand =—2-=——, so
o7
2u* 3
—= , 9a =2\/7u2
3ag V108
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N is the normal reaction of the table on P,
T is the tension in the string, and & is the
angle between the string and the vertical.
Right-angled triangle so

OPza\/g
2
my
R(«):Tsinf =
(<) o
V8a mx4ga
T =
3a a\/g
:>T:3m—g
2

1 1
b R(T):Tcost9+N=mg:>N:mg—%mgxgzimg

Let Abe the angle between the string and
the vertical.

We have a 5, 12, 13 triangle.
R(J):T cosO =mg

ro_mg _13mg
cos @ 5

2 2 2
b R(<—>)1T+Tsinl9:mv =T 1+£ = ,25X13mg:5mg:mv
r 127 13 5 12/

=1’ =60gl, v=1/60gl ms™
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4 R R is the normal reaction of the surface on the car.
No friction.
R(J):Rcosl12° =mg

2 2
my _m><15

R(<>):Rsinl2’ =
r r

Dividing: tan12° =22
&gr

225

r=——~108m
gtanl2’

T is the tension in AP and S is the tension in BP.
The triangle is equilateral (3 equal sides).

R(J):T cos60° = mg + S cos 60°
T—-S8=2mg
R(¢>):Tcos30" +Scos30° =mra’
(T +S)cos30° = mlcos30° x &’
T+S=mlo’

Adding these two equations gives

2T = 2mg + mlw®, T = %(2g +lw?).

b S:T—2mg:%(1a)2—2g)

¢ Both strings taut = /0> —2g >0, @° > 2Tg

6 a 4 T is the tension in the string.
45° R($):Tcos45 =mg, T =2mg
/
T
P
mg
T g\/i

b R(«<>):Tcosd5 =mrw’ =mlcosd5 w’, T =mlw’, o = — =
m
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7 a A r 1s the radius of the circle,

T is the tension in the string and ZOAP is 6.
From the triangle, » =1.2sin 4.

R(«<>):Tsin@ =mre’ =0.6x1.2sin Ox9
T=0.6x12x9=648N

0.6g
b R(J):Tcos@=mg, 6.48cosd =0.6g, cosd = 23‘2 ~0.907, 6 =~ 25°

The angle between the radius through P and
the vertical is 6.

P has angular speed wrads™

R is the reaction of the bowl on P.

R(J):Rcos@=mg, R=4mg N.

mg
b R(<):Rsin@=mre’ =mxrsin@xa’, o= /4mg: /_g
mr r
61

. . . . r
Three revolutions is 67 radians, time taken = T =3n |—s.
a8
r

g

2
my

= UR = pmg

r
V2
Y ooy
g

2

100x9.8
1 =045

Y7,

b tanag =—
13
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10a m(raf +2g)N

b Maximum speed gives the shortest time. At the maximum speed with the rod still on the surface of
the sphere, R = 0.

3
Radius of the circle is Tr

When R =0, Tcosa = mg
mg  2mg

cosa 3
\/5]"_ 2
2

=T7=

Tsina =mx

2mg 1 J3r 5
SO X—=mX =
32 2
2 N 2g
a =
3r
. ) 27
Time for one revolution = —
w
4x3r
=T

¢ i The minimum period decreases.

ii The minimum period increases.

11a F is the force due to friction,

R
R is the normal reaction.
- R(D):R=mg
L R(©): F=mre’
3
—da
s
mg

If P is not to slip then

3 5
—mg > m—aw
7 & 5

L@ < g
Ta
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11b : £ T is the tension in the elastic string.
HLJ) q_oh_x(Ga-4) Smg _mg
P ! a 10 2

The limits for @° depend on whether the friction is acting with the tension or

against it.
R((—)):gmg + 25 mgaa)z,a)2 < > DBg_65¢
7 2 5 3a 14 42a
or R(¢): —Emg + & < mgaa)z, @ > ixé _8
7 2 5 3a 14 42a
g 2 B8
42a 42a
12a T Loss in P.E. = gain in K.E. so
4 ‘ 1,1

—mv’ ——mu’ =mgasinf
2 2

4 :
=’ =§ga+2gasmt9

2
my

b Resolving towards O: T —mgsinf =
a

4 . : 4 :
T:Emg+2mgsm¢9+mgsm¢9:mg(§+3s1nc9j
: 4 .
¢ 7 =0 when s1nl9=—§, 0 =206

d When v=0, sin6 = —% = —%, (8 = 222°) so the particle would not complete the circle.
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13

14 a

d

Consider the circle centre Q, radius 0.2 m.
When QP is at 8 above the horizontal:

Energy: %mw2 +mg x0.2sin@ = %mv2 ,

w’ =V’ —0.4gsin @
where v is the speed when € =0, and w the speed at angle 6.

mw’ B m(v* —0.4gsin )
0.2
2 .
m(v- —0.6gsin 0) >0

Circular motion: 7 +mgsinf =

7o m(v* —0.4gsin 6) B
0.2
Looking at the larger circle, conservation of energy

mgsinf =

1 1
:Emv2+mgx1=5mu2,v2 =u’-2g
At the top of the small circle, sinf=1,
= u’ -2g-0.6g >0, u > 2.6g,u > +/2.6g

R R is the reaction between the particle
and the surface.
If the level of P is the level of zero

P.E., conservation of energy
1 ag 1 ,
=>—m—=+mga(l-cosf)=—mv",
5=+ mgal )=3

v :%+2ga(l—cos 0)

=%(5—4cos€)

2
Resolving towards O: mgcos@—R = mo_ % (5—4cosb)
r

Substituting cos@ = 0.9: R = mg x 0.9 —%(5 ~3.6)=0.2mg >0

so P is still on the hemisphere.

i R:0:>cost9=%(5—4cost9), 300s9=§, cosﬁzg

i v2=&(5_4c059):ﬁ(5_ﬁj:5ﬂ I -
2 2 3 6’ 6

By considering K.E. + P.E. at 4 and B, if v is the speed at B,
1 1

—mv’ :—m£+mga, v :iﬂ, V= 28a

2 2 2 2 2
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14e ) After the particle leaves the sphere the horizontal
S5ga
V 2 velocity remains constants = 58a x%
If « is the angle at which the particle strikes the
. Bays 5
~ table then cosa = 6 6 —
Sga, 5 w63
6 6
a=6l
15a KE.+PE. at C=KE+P.E. atB.
IfP.E.=0 at C then
1 5, 1 , 1 , 8
Emu =§mv +mg(r+rcosq)=—mv" +—mgr
Vi=u'——gr
C
3 m’  4m m
b u’=4gr=v’'= igr. Resolving towards O: R+—mg = :—g, rR="E
5 5 r 5 5
3mg  myv’? m(u2 _16%) mu®  3mg 16mg /19gr
C R == O at B j— = = , = + ’u — -9
5 r r r 5 5 5
d v

The particle is now moving freely under gravity.
ﬂ Horizontal distance
. a

) &r
=2rsina :? =vcosa Xt

A 7 sina 4 B
gl
8r
SOt =—
3v
Verticaldistance=O=ﬂt—lgt2:>t:&:&, y= g
5 2 5¢g 3v 3

o :5£+16gr :7—3gr; = /73gr
3 5 15 15
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16a A

0

0

Equating the K.E.+ P.E. at 4 and B:

1
Emu2 +mga = Emv2 +mgacos @

= v’ =u’+2ga(l-cosb)
2

: my
Resolving towards O: mgcosf—R=—
a

R=0=agcos@=u"+2ag(l—cosb)
3agcos@=u’+2ag

2
+2
cos@ =L 298
3ag
b Conservation of energy from 4 to surface:
1 1
—mu’ +mga z—mxsa—g, u’ 2%, costd :é, 0 ~34°
2 2 2 6
Challenge
a At point

(x,xz),% =2x

R(T):Rcosé?:mg (1)
R(—):Rsin0=mxa’ (2)

2

(2)+(1):tan 6 = ol (3)

g
tan6?=2:2x
dx
X’
S 2x= =2g=w

g
w22

Hence o is independent of the vertical height.
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Challenge

b From (3)
PRI tan &

. For w to be
X

gtand

independent of x = = k for constant k

X

= tan @ = ax for constant a
d 1
—y:tanﬁzax:yzaax2+b

Hence f(x) = px” + ¢ for the constants p and g
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