Further Mechanics 2 SolutionBank

Circular motion 1C

Let the tension in the string be 7, and the angular speed

be @. The angle between the string and the vertical is 6.

Since the triangle is right angled, the third side will have

length 0.48 m (3, 4, 5 triangle).

R(J):Tcosf=1.5¢g
4 3g

=>-T=-—"=>,T=
5 2

15¢ 184N

R(¢>):Tsinf = mreo’

:%T=%x0.36xa)2, T = 0.9

Equating the two expressions for 7

1>g _ 090"

0 =—28 2041, w~4.52rads”
0.9 x8

Let the tension in the string be 7, and the angular speed be w.
The angle between the string and the vertical is 6, and the
radius of the circle is 7.

R($):Tcos€=37g

:>§T=3—g,T=£%10.3N
7 4 20
R(«>):Tsinf = mroy’

:>LT =§><r><a)2, T=§><0.7a)2
0.7 4 4

Equating the two expressions for 7
2lg 3
20 4

0 =—18 196, @~443rads”
5%0.7

x 0.7 @*

Let the tension in the string be 7, and the angular speed be w.
The angle between the string and the vertical is 6, and the
radius of the circle is 7. 2 seconds to complete 2w radians
= angular speed is 7 rad s!

R(J):Tcosf=12g
R(«>): Tsin@ = mrey*

:>T><§=1.2><}’><T[2,T=2.4TE2

=23.7N
and using this value in the first equation gives

6 =cos™ (%) ~cos ' 0.496 ~ 60°
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Let the tension in the string be 7. The angle between the
string and the vertical is &, and the radius of the circle is 7.
R(J):Tcos@ =6g

R(¢>):Tsin@=6xrx3.5

T><§=73.5r,T ~73.5N

and using this value in the first equation gives
73.5cos8 =6g, cosd =0.8 radius =sinf = 0.6 m

Let the tension in the string be 7. The angle between the
string and the vertical is &, and the radius of the circle is 7.
R(¢>):Tsinf@=mxrxa’

r 2
T—=mxrxw

T = mlw*

Let the tension in the string be 7. The angle between the
string and the vertical is &, and the radius of the circle is 7.
R(<>):Tsinf@=mxrxw’

R(J):T cosO = mg

Dividing the first equation by the second

mra?

mg
o,
= ,a)ng

= tanf =

r
X

R is the normal reaction at the marble.

Using geometry, we know that the radius at the marble is
perpendicular to the tangent at that point, so R acts along
this radius.

@ 1is the angle between the radius and the vertical.

Using Pythagoras’ theorem we know that the radius of the

circle is Vr? =9.
R(¢>): Rsin @ = m\r* -9’

\Nrt =9

R =m\r’ -9’
r
o =
mr
R($):Rc050=mg=RxgyR=m§r
r

Substituting this expression for R in the first equation:

a)Z :—mgr :g’ a):\/g
3mr 3 3
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8 R is the normal reaction at the marble. Using geometry, we
know that the radius at P is perpendicular to the tangent at
that point, so R acts along this radius.

0 1is the angle between the radius of the bowl and the
vertical.
The particle moves on a circle of radius » m, depth d m
below the rim of the bowl.

R(J):Rcos@ =mg (1)

R(<>): Rsinf= mro’ (2)

Dividing (2) +(1) eliminate R,

2
tang="2 ="
g d
:>d=%zﬁ=0.05m=50m
o 1
9

Let the angle of the cone be 26 and the radius of the circle the particle is moving 7.

4 e
R(«): Rcos45 =m—
r
A R(«): Rsin45" =mg
W 2
Dividing: cot 45° =
rg
g h
= — = 3
r
v =3g
v=43g
=15.4249...
=54ms’
v
®=—
r
| 5.4249...
3
=1.8083...
=1.8 rads™
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10 R(T):Rsinﬁ—FcosH:mg
R(—>):Rcos@+Fsin@ =mx0.1x14> x5
Using F = uR =mx0.1x14* x5=mx0.3x @’,

we have

o= 14\E =18.1rads ' (3 s.f.)

11 No friction, so just the normal reaction, R, between the car
and the road with a horizontal component.
750 126kmh" = 1201900 _ 55,
o 3600
R(J):RcosO =mg a
; R(¢3): RsinO= m= =mx>> ()
r 750
Dividing (2) + (1) to eliminate R and m
2
=tanf = ~0.167, 6 ~9.5°
50g
12 No friction, so just the normal reaction, R, between the car
and the road with a horizontal component.
R(J): Rcosl0’ =
00m (T): Rcosl0 ng 2
R(¢3): Rsin10° =22 = 2%
nig 300
70° Dividing to eliminate R
2
= tan10° = ——
300mg
v’ =300g tan10° =518.4...
v~22.8ms™
13 No friction, so just the normal reaction, R, between the
cycle and the road with a horizontal component.
R(J):Rcos20° =75¢g
25 m 2
R(¢3): Rsin 20" = 12
25
75¢g c g ..
500 Dividing to eliminate R
2 2
= tan20" = 75V =Y
25x75g 25g
v’ =25gtan20° =89.172...
v~9.44ms™

It was not necessary to know the value of the mass because it cancels out at the stage when the
two equations are combined to find tan 20°.
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14 a

No friction, so just the normal reaction, R, between the
vehicle and the road with a horizontal component.

R(J):Rcosa =mg
2
R(¢>):Rsina = 4

r

Dividing to eliminate R
mv* v
= tana = =—
rmg rg

V= rgtana,v=./rgtana

b This model assumes there is no friction between the tyres and the road.

15

30m

60 g
15°
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R is the normal reaction between the cycle and the track. F
is the force due to friction. At minimum speed the force due
to friction is acting up the slope to stop the cycle from
sliding down. (At maximum speed the friction will act
down the slope to prevent sliding up the slope.)

As slipping is about to occur, F = uR.

R(J):Rcos15 + Fcos75 =60g

R (cos 15 + COS475 j =60g

2

R(¢<>):Rcos75 —F cosl5’ =60><;:—

R (cos 75 — COS415 j =2y?

Dividing to eliminate R

cos75 —<sls 2y

cosl5 +<«sl5 60g
»  €0875 —0.25xcosl5

Vo=
cosl5 +0.25xcos75°
Vvi=494..., v~222ms”"

x30g
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16 R is the normal reaction between the van and the track. F'is
the force due to friction. At maximum speed the force due
to friction is acting down the slope to stop the van from
sliding up.

L is the coefficient of friction between the tyres and the
road.

As slipping is about to occur, F = uR.
90kmh™' = 201000 _ 25ms™

3600
R(J): Fsin@+mg =Rcos@

: . 252
R(<—>):Fs1n0+Rs1n0=mx¥

Substituting F = uR

= mg = R(cos @ — usinb)
25m

= = R(ucosf+sinb)

Dividing to eliminate m

:2_ pcos@+sinf  p+tand

3g cosf@—pusinf N - ptan @
(on dividing top and bottom by cosé)

1
KT usingtan0=l
1-% 3

3
_3u+l
_E
=25@3-u)=3g(3+1)
Rearranging this equation gives
H1O9g+25)=75-3¢g
_15-3g _
N 9g+25 -

0.40
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17 R is the normal reaction between the car and the track. F is
the force due to friction. At maximum speed the force due
to friction is acting down the slope to stop the car from
sliding up. The track is banked at &to the horizontal.

As slipping is about to occur, F = uR.

144kmh = 1000 _ 45 oo
3600
R(J):mg=Rcos@—Fsinf
, 40°
R(«<>):Rsin@+ Fcos@ =mx—
100

Substituting F = 4R and dividing to eliminate m

sin@+0.3cosf 40’
cos@—0.3sind 100g

Dividing top and bottom of the left hand side by cos&
N tand+0.3 _ 1600 :E
1-03tan@# 100g g
g(tanf+0.3) =16(1-0.3tan )
tand(g+4.8)=16-0.3¢g

tan 0 =10"938 _ 904
g+4.38
0~42°
18 R R is the normal reaction between the car and the track, F'is

force due to friction. At maximum speed F acts down the
slope and is equal to xR =0.4R

R(J)Rcos30° — Fsin30° = mg

R(¢>)F cos30" + Rsin30°= nv

Substituting F = 0.4R and dividing

- v’ 0.4c0s30° +sin30°
70g  cos30” —0.4sin 30"

=*=871.7...
= v=295ms™

At minimum speed, F acts up the slope
R(J)Rcos30° + Fsin30° = mg

2
R(<>)Rsin30° — F cos 30° =

v’ sin30° —0.4c0s30°
70g  cos30° +0.4sin30°

which leads to

giving v’ =98.83...=v~9.94ms"’
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19a

L is the lift force, and r is the radius of the circular arc.

400kmh' — 400x1000 _ 1000 ms!
3600 9
In 25 seconds the aircraft travels 25 OOOm.
2000 g The direction changes by 45° or 315" depending on the
direction of turning.
25000 1

For45°,T =§><2nr,r =3536.7...m

For315°,%)=%x 2nr,r =505.25m

R(J):Lcosa=2000g

2
R(¢>):Lsina = 2000v

Dividing the second equation by the first

2

%
Dtana =—

rg
When r=3536.7...

2
tana=2le0.356
9°x3537%x9.8
a~20",and L ~20800N

Whenr=505.2...
2
tana = 1000 2.493

92%505.3x9.8
a~68,and L ~52700N

b To turn in a shorter time the aircraft will need to decrease the radius of the circular arc in which it
turns. Thus the angle to the horizontal and lift force must both increase.

20 R(T):Tsin0+Rsin¢9=mg

=T+R= m

sin @
R(—):T cos@—Rcos = mlcos O’
=T-R=mlw’

Eliminating R :

o =8 | mie?

sin &

T =%m(la)2 +gcosec€)
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21 T is the tension in AB. AB is an elastic string, if the
extension in the string is x then 7 = Ax = %

R(J):Tcos40’ =0.75¢g

R(¢>):Tsin40° =0.75xrx o’

The radius of the circle is (2+ x)sin40°, so substituting for
rand T gives

15x5in40° = 0.75x (2 + x)sin 40° x @’

o = 15x _ 20x
0.752+x) 2+x

0.75g From the first equation:

15xc0s40° =0.75¢g
‘e 0.75¢g
15c0s40°
= o° =4.846, » ~2.2rads™

=0.639...
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