P.196 (6 to 13)

6 (@ From the diagram, T sin e provides the required
centripetal force. If the string bresks, no force is
available to provide the centripetal acceleration.
Therefore, the mass moves in a straight line (i.e. moves
a atangent to thecircle)

) The angle #the pilot should bank is
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(b) The experiment is set up as shown. As the
pendulum rotates, the tension of the string
T is equal to the mass of the iron washers
Mg. This provides the required centripetal

force F.
F=Mgsne
From (a) (ii) above, The centripeta force,
2
F= 46T gnr
2 2 -
\ Mgs.né:ZBTZmr:% r_:lzan
45°ml
\ Mg= -

By measuring the time taken for 20 revolutions t, we can find the period T = 2t—0 . We can dso

measure M, m and |. Substituting the values into the above equation, we can verify
experimentdly the relationship between Fand T.
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© (i} The mapnnude of the centripetal force F iy
2
T
s
15*
=800 x —
0% 100

=1 800N

(i} The centripetal force is provided by the static
frictional force between the wheels and the
ground.

(d) If theroad is banked, the horizontal component of
the norma reaction R provides part of the
required centripetal force. This allows the car to
move aound a curve with higher speed.
Therefore, banked road design is sfer.

8. (a) (i) Thedirection of its velocity is dways changing. - direction of

Therefore, there is an acceleration even though s “. 1 ftravel

the speed is congtant. ,‘a
(ii) The direction of the acoderation is dways . direction of

pointing towards the center. », acceleration ¢

®) iy ogmg= ™

r = 78.13m
(i) The centers of gravity of lorries are generaly higher. The same Sdeways friction will
produce a higher torque that may topple the lorry.

°.(d () Speed of the moon in its orbit, (if) Acceleruton of the moon,

2 &
R ¥ gy (GRS
V—Y'fﬂ"'r? ’ 384:{1{13
_ x 2 =272=10 ms™
={3.84 » 107 x PR {itip Force on the moon,
" F = mr
- -1 an -3
=1k — (735 x 107)2.72 < 107%)
=2.00% 10N

10. (8 Angular velocity istherate of change of angular displacemen.
(b) () v=ru
(i) v can be varied by varying r.
(iif) The tenson in the cord provide the required centripetal force for circular motion.
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(iv) a :V—z
r

V2

T=ma= mT
\' T=mw
V2
(© @ (1) a=—=206ms>
r
2 R+mg=ma
R=634.2N
(i) (1) changein PE=m g (2r) = 8400J (decreases)
(2) by conservation of energy,
8400 +%(60)(12)2 = %(eso)v2
v=2059 ms™*
(i)  The entry speed must be sufficient for the cart and the passenger to reach the top
of the loop at the speed where the centripetal force required is greater or equal to
their weight. Otherwise, the cart and the passenger may fdl off the track.

11. (@) (i} F, is the friction excried on the men by the wall and

g is the normal reaction exerted on the man by the wall.

(it) For the rotor to keep the man pinned against the wall,
Fo=mg = {7018 = 700N

F,q - 0.4 Fl!-
700
Ffo=— = 1750 N
"~ 04
The normal reaction is the centripetal force keeping the man in & circular
nath, '
~. By Fg =mror, o = H e [}

70(2.5)
o = \ﬁE =3.162ads

- The minimum angular speed is 3.162 rad 5™

(ite) Let the mass of the man be .

; Ly
Since Fy = mp, F; = ==
AR T
Fr = centripeial force
E‘% = .FHF&:F
0.4

o=J-5 whichis tndependent of m

Vo.4r

Thetefore the result is prchanped.
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12.

{b}

(a)

Since the space station is far from any planctary objects, there js negligible
gravitational force acling on the astronauts. If the space station rotates aboul
an axis through its center and nonnal with the planc containing the station
with a constant angular speed. the nommal reaction acting on the astronauts
provides the eentripetal foree for keeping the asteonauts in cirewlar motian
and rhis i3 cxperienced as "gravity” {21t by the astronants. The same *gravity’
Is [eli by all people because it is independent of the mass of the astronauls,

a = r
=01 =107y
fr= 0.1 rads?

Therefore, rotating the spuce station with an angular speed ol 0.1 tad ™' can
prochuce an artificiat gravity of 10N k™,

MNomal reaction &

—— Tensinn

Friction i
l Weight
Lf the Mock is stationary. the 2m muss must be in equilibrivm and
hence T = 2mg, Consider all the horizontal forees, and a force
Ein Acts on the block 1o the 1efi,

FI‘I:'I‘:I'I = T_mein
Zmg—08my
= | dmy

H

{by (i}

I

il
-

!

When @ is 100 small, the tension will not only provide centripela
[orce {or circular motion, bur alse the foree to make the block
shde towards the center of rotation. In this case, friction acts in
the opposite direglion 1o the kension.

By T— f=marr, fwill attain its maximum when o is the smallcst
(bue still performing circular motion), Morcover, T = 2me as
cxplained in {a).

2mg - Dbmg = mwt r

Irin

Gom = 140 rad 57

When @ 15 oo laree, both tenstan and friction will point towards
the centra to prevent the block frem sliding outward.

r
——™

s

-
L
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By T+ f= mer, S will amain its maximum when @ is the largest
(but still performing eircuiar motion).

2mg+ 0.6mg = mar, r
J260 rad 57"

ey

{ii} In between, T is a constant. (Note: Frictional foree, inift:'ml‘h«r

pointing owtwards, decreases gradually to zero and then ifs
Jditection is reversed so as to accommodate the increase in ).

(c) outsde syllabus.

13. (@) Astherod does not rotate about an axis normal to paper, moment about its center must

be zero.
T, T,
axis normal axis normal
T, T,

Therefore, T, actsin adirection pardld to the lower rod.
Forces acting on the collar

normal reaction

(b} (1) Consider the vertical forces acting on the collar:
e =m'g —m8 —— o
Consider the vertical forces acting on the counterweight:
Ticos® = T1c0s0 + mg — @

Slinc:f: the counterweight is performing (horizontal) unifiorm
circular motion, .

f185in® + Fhsind = m’l sind
Ty + 1 =mey'l, ———— 9

P.196 Q6 to Q13 Page5



(i}  Substitute o nto 9 i

T, cosd +my 5
Losd

L4
T L oT et
Cosd
Substitnte o into the above equalion,

biy] d ”
—".:-_ +2-E =n!m‘£‘

cosh cosd
mzc:asﬁ-_-w
it
[ PP
= |+ e é.
L om L

(i)} If the tmass m of the counierweight is increased while keeping

Ehe angular speed 0 unchanged, cos 8 decreases. Therelore, &
Increiases and the collar moves up,

(c) From the previous caculation,

u ? cose :8?[+ 2m%g
e mglL

02=§?ﬁ+2ﬂ¢2gg 1‘
g m glpcose

™
The slape of the @’ against is equal to [I+ﬂ e
Cas e JL
u/rads? 13.6 12.6 115 10.5 9.4
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