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TERM3 Etlnsteln_AE

EARTHS ROTATION

— DIRECTION AND SIGIN ——

Direction:

When viewed from above

the North Pole, Earth rotates
counter-clockwise

from west to east.

Sign:
In physics and mathematics,
counter-clockwise is the

positive direction (+)

0

2. VIEW FROM ABOVE THE SOUTH POLE

@ Direction:

When viewed from above

the South Pole,
the rotation appears
clockwise.
Sign:
Clockwise is the
negative direction (—)

It is known that the Earth rotates about its axis.

What angle does the Earth rotate through in 6 hours, as viewed from above the North Pole?
® —= rad
2
+% rad
© —= rad
6

© +% rad

It is known that the Earth rotates about 1ts axis.

What angle does the Earth rotate through in 12 hours, as viewed from above the South Pole?
@ —mrad
® +mrad

© —g rad

©+?—2rrad

One radian is approximately equal to:

® 180° . 90° © 5? 37 © 360°

'JI | ~ :/

A wheel with atraeﬁlus of 5’0 C)‘I‘l is rotfgtmg Ifthe w‘hee] c:crrnplf:‘tes1 twq ﬁi]\l revolutions,

how many radians has it ‘rurned throug}fj

® 4n radians 21 radians © = radians A © 3n radians [
N o 1 0\ = ~ |l
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END OF TERM 3 COVERAGE (2025-20286) ‘ 11ADV

A wheel is rotated so that a point on the edge moves through 1.50 m.

The radius of the wheel is 2.50 m. .
What angle, in radians, is the wheel rotated? A

@ 0.60 rad M 1.50 rad (© 2.50 rad @) 4.00 rad

.-

A steering wheel is rotated through 128°. 2
[ts radius is 22 cm.
How far would a point on the steering wheel’s edge move?

R

@ 24 cm ® 49 cm © 56 cm @ 128 cm

A steering wheel is rotated through 60°.

A point on its edge moves through an arc length of 15 cm. 6
What is the radius of the steering wheel? /

® 18 cm ® 22 cm © 26 cm © 30 cm

A rotating toy above a crib makes one complete counterclockwise rotation in 1 min.

°
What is its angular velocity in rad/min? % o

® +2m rad/min +47 rad/min © —2m rad/min © —471 rad/min &

() L 3
A rotating toy above a crib makes one complete counterclockwise rotation in 1 min:*
©
What is its angular displacement in 3 min? @ .
@ +2m rad +4mrad  © +6mrad  © +8mrad ’,
-’

A motor rotates at 5000 rpm. What 1s its angular speed in rad/s?

@ 524 rad/s () 420 rad/s (© 240 rad/s @ 120 rad/s

A record rotates clockwise at 33.3 rev/min. What is its angular velocity in rad/s?
® +3.49 rad/s —3.49 rad/s © +0.29 rad/s © —0.29 rad/s

An object completes one full revolution in 2 s. What is its angular velocity?
@+ 5)® 5w | © 42, @[Fpendle) 5 |

The minute fiahd of aclockcompmes l:;ne 'fli'l"l:'l fé?olutioh in1h. 3

What is its angular displacement after 1 h?

@ +2mvid ~ @Horrad' " Omwrad O rrad o) AL

0509886279 ssc pliac cran s /1



TERM3 Elnsteiln_RAE

A blender blade accelerates from rest to 9000 rev/min in 4.5 s
What is the angular acceleration of the blade in rad/s*?

® 209 rad/s? 12.6 rad/s? © 2000 rad/s? © 756 rad/s?

The Ferris wheel shown rotates clockwise and completes one full revolution every 8.0 s.
What is its angular velocity?

@ +§ rad/s —% rad/s © +§ rad/s © —g rad/s

Two points are located on the same rotating disk.
Point P is farther from the center than point Q.
Which statement is correct?

Linear Speed Angular Speed

@ Vp > Vg Wp > Wq
Up)UQ (j)p=(UQ
© vP=vQ wp>(fJQ
© VP=UQ Wp = Wg

How can the angular velocities of the two points be compared?

(@ Point B has greater angular velocity

() Point A has greater angular velocity

(©) Both angular velocities are zero

d Both angular velocities are equal and nonzero

In a clock, all parts of the minute hand are equal in:

® Linear speed ® Angular speed © Linear displacement © Tangential acceleration

CD rotates at an angular velocity of 50 rad/s. A point on the edge of the CD % \
0.060 m from the center. What is the linear velocity of the point? - /-'a-.

ll.. ; ..' / Do m

® 1.5 m/s 3.0 m/s © 6.0 m/s ® 12.0 m/s & _,

v 4

N il

A CD-ROM rotates so that a point Pon the track moves with a constant linear velocity of
1.4 m/s. As shown, point P is 5.0 cm from the center of the disc. o

What is the angular velocity of the CD-ROM? 4 ~ ikt

® 14 rad/s '. 28 radfs > [©]42 radz’s _ @ 56 rasdfs

the wheel, as shown The whee] rotates- w1th an angular Velomry of 2 50 radx’s

What is the lmear veldcity of pomt Pr A Hl

®@7.0 cm»’s’ : . .---1'5.0 cr’n’f’s @ 17 5 c1m’s © 225 cm/s— '.

0509886279 sse pline cpanllase /i




END OF TERM 3 COVERAGE (2025-20286) ‘ 11ADV

A propeller spins at 1880 rev/min. ’

What is its angular velocity in rad/s?

@ 98.5 rad/s 157 rad/s ~ ©197rads  © 314 radls / \

A clothes washer drum rotates at an angular speed of 635 rev/min. When the lid is
opened, the motor is switched off and the drum comes to rest in 8.0 s.

What is the angular acceleration of the drum?

@ +8.3 rad/s* —8.3 rad/s? © +4.2 rad/s® © —4.2 rad/s®

A centrifuge rotor starts from rest and reaches 20,000 rev/min in 30 s.
What is the average angular acceleration of the rotor?

@ 70 rad/s® 111 rad/s? © 333 rad/s® ©® 2100 rad/s*

A propeller slows uniformly from 475 rev/min to 187 rev/min in 4.00 s.

What is the angular acceleration of the propeller?

@ —7.54 rad/s? —4.80 rad/s® © +7.54 rad/s* © +4.80 rad/s*

No effect Some effect Maximum effect

No effect Some effect Max<ximum effect

Which of the shapes shown (A-D) produces the least torque when the same force is applied
at the po_\imﬂ_n_dgcatcd on each dpor"_? A

£

(D) (©) (8)
@ ofw | o wfo o oo, @

A\ (o \ 1 \ (<9

0509886279 sse piac pasyliaie /i



TERM3 Eilnsteln_RAE

The door that has the greatest torque on is

b ©® ¢ @ d

When a person opens a door, a force F is applied to the door
producing a torque (1) about the hinges.

Which of the following situations results in zero torque and
therefore does not help open therl door?

0509886279 sse pliae cpanllsse /i
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A force Fis applied to a door in six different ways, as shown.

For which pair of positions is the torque about the hinge equal to zero?
@1&4
2&3

©5&6

©2&5

The figure shows five doors subjected to forces of equal magnitude.

Which of the following correctly ranks the torques about the hinge from least to greatest?

@E'< D < C<Hl<lA A | B
®E<C<D<B<A 1
©C<D<E<B<A c b
@E<D<B<A<C N |\

A bolt on a car engine must be tightened with a torque of 35 N-m. A 25-cm wrench is used,

and the force is applied at an angle of 60° to the wrench handle. ‘}/

What magnitude of force must be exerted? m;\i '

® 81N 108 N © 162N © 280N % \\

A wrench is used to tighten a bolt with a torque of 40 N-m. The force is applie}"
perpendicular to the 0.25 m wrench. asm %
What force is required?@ 80 N 120N © 160 N © 200 N "J;g\l \

A torque of 55.0 N'm is required to turn a bolt. The maximum force that can be exerted is 135 N.
What is the minimum lever arm length required? l‘ o

®0.22m 04lm ©055m ©0.74m O ——

A mechanic uses a 0.234 m wrench to apply a force of 232 N. A torque of 32.4 N-m is required.
What is the smallest angle between the force and the wrench that will produce the required torque?

® 30°
® 37°
© 45°
©60° |

F=232N

A spanner is {86d't6 Toosen a bolt, asshown A force of 120 N is appl?cd at an angle of 115°
to the spanner handle. The distance from the pivot to the pomt of applluatlon 15 0.30 m.
What is the torque ¢xerted on the bolt? ol NS ¥\

@ 32.6Nxh 7 @ 726N @4481\1 m)) | _[_c‘@_;s_s";;z.N_.@‘;_ * on2)

0509886279 s plocgasyiucd | 6 |



TERM3 Eilnsteln_RAE

A massless seesaw 1s 1.75 m long. Two students, Karim (56 kg) and Aysha (43 kg), sit on
opposite sides of the pivot as shown.
Where should the pivot be placed so that the seesaw remains in rotational equilibrium?

® 0.75 m from Karim and 1.00 m from Aysha , i : a ‘

0.85 m from Karim and 0.90 m from Aysha 4 :

© 0.99 m from Karim and 0.76 m from Aysha =\ : ¢

© 1.10 m from Karim and 0.65 m from Aysha ! {',’ A L
oK

Fatimah has a mass of 56 kg, and Aisha has a mass of 43 kg.
Aisha sits 1.5 m from the pivot.

At what distance should Fatimah sit to balance the seesaw?
@ 1.5m ® 0.85m © 1.0m @ 1.15m

A system consists of two pulleys fixed together and rotating about a common axis.
The system is in equilibrium.

The right bucket has a mass of 5.0 kg and hangs at a radius of 1.2 em.

The left bucket has an unknown mass M and hangs at a radius of 6.0 cm.

What is the value of mass M?

@25kg ®S5.0kg ©25kg @1.0kg

Two fruit baskets are suspended from two ropes as shown.

The left basket has mass m and hangs 0.28 m from the support.

The right basket has mass 0.8 kg and hangs 0.16 m from the support.
What value of m makes the baskets balance without rotation?

@ 1.40 kg ® 0.60 kg (© 0.46 kg @ 1.26 kg

The beam shown in the illustration below is 2.0 m long and has a weight of 20 N. It is pivoted as

shown. A force F acts downward at one end, and a force of 10 N acts downward at the other end.
0.5m 0.5m 1.0m

What force F must be applied downward to balance the beam?

@25N ©® 40N © 50N @75N

10N

A rod is pivoted about its center. Two forces of 5 N are applied as shown. One forcé acts 2.0

m from the pivot, and the other acts 4.0 m from the pivot. Each force makes an angle of 30°

with the rod.

What is the net torque about the pivot? 5N_7

® 15 N'm clockwise 40w 0|
15 N-m counterclockwise (11}

o oN-m ((U) A\SL(O))
© 10 N'm clockwise’<>

|
B, TR
Ao | £ 3057 20m

0509886279 sse pline cpanllsse /i



END OF TERM 3 COVERAGE (2025-20286) ‘ 11ADV

Four beams of the same length each have three forces acting on them and pivot about their
center of mass.
Which of the following beams is in rotational equilibrium?

A B
10N 27N 50 N 71N
T ) T }1-..
50 cm ¢30 cm 50 cm 30 cm
90 N 100 N
Cc D
15N 25N 43N 12N
/A ZA
50 cm ¢30 cm 50 cm \1130 cm
40N 60 N

The figure shows a uniform seesaw pivoted at point C. Three forces act on the seesaw as shown.
What is the net torque about point C, and in which direction will the seesaw rotate?

@ 10 N'm counterclockwise
® 10 N'm clockwise

© 0N'm

©® 6 N'm counterclockwise

The figure shows two workers applying forces to a rotating wheel-like device. The forces act
perpendicular to the radius. What is the net torque on the system about the axis of rotation
and what 1s the direction of rotation?

® 200 N'm clockwise
200 N'm counterclockwise
© 400 N'm clockwise
© 400 N'm counterclockwise

A uniform rod of length 4.0 m is acted upon by three forces as shown in the figure.
What is the net torque on the rod about an axis passing through point C and perpendicular to

the page?

® 23.6 N'm, clockwise » 25N

29.6 N'm, counterclockwise Sl |

© 35.6 N-m, counterclockwise yo ﬁ: \Qi}-
10N

© 42.4 N'm, clockwise KA

Which ofthe fdlld_v__i{_i'ng-' physical qiﬁnﬁfitiéé’s reﬁreseq.fs'én'iobj:ed-:'é -i'é'siq'ta;ncc to rotation?
® Torque ® Angular acceleration ©Moment of inertia © Angular momentum

0509886279 sc ploc gasgiucd | 8 |



TERM3 Eilnsteln_RAE

Two balls, each of mass 0.45 kg, are attached to the ends of a light rod 0.45 kg 0.45 kg
of length 0.46 m, as shown.
What is the moment of inertia of the system about the center of the rod?

® 0.024 kg'm? 0.048 kg-m? © 0.095 kg'm? ®© 0.190 kg-m? 0.46 m

A toy consists of two spheres, each with a mass of
/ 0.35 kg, connected by a light (massless) rod.
0.12m—+ | Two vertical marks are drawn on the figure. The left
£ mark is a distance of 0.12 m from point O. The
T " moment of inertia of the system about the axis

O perpendicular to the page and passing through O
is 0.048 kg-m?.

What is the value of x, as shown in the figure?

i | =7 0.35m
2. WO ol .(-).18 m
3. | .0.4.7 m
4. 0.‘24 m

A simplified model of a twirling baton consists of a thin rod with two round objects at each
end. The length of the baton is 0.66 m, and the mass of each object is 0.30 kg.
Assume the mass of the rod is negligible.

1 033m ! 0.33m!
] I ]
- a—
0.30 kg . 0.30 kg
"
] ]
b -4
] ]
MDNCE T AN

The baton rotates about an axis passing through the midpoint between the two masses and
perpendicular to the rod.
What is the moment of inertia of the baton?

@0.033kgm> ®0.066kgm*>  ©0.130kg'm> @ 0.260 kg-m?

The axis of rotation is moved to one end of the rod.
What is the moment of inertia of the batoﬁ? A N LR O A AR
@0.033 kg=m? ) ([B0:066kg'm* ([ €00.130 kgm? ——@r0.260 kg'm?

A particle of mass 8.0 kg rotates in a circle of radius 2.0 m about a fixed axis.
What is the moment of inertia of the particle about|the axis of rotation?
® 16 kg-m¥=~® 3Dkg;i~ ~© 64kg'm’ —@d 2‘8'_.'k'g'mz_ J\

[ o | 0509886279 sse pline cpanllase /i



END OF TERM 3 COVERAGE (2025-20286) ‘ 11ADV

Two children of equal mass sit 0.30 m from the center of a seesaw. They then move to
positions 0.60 m from the center. Assume the mass of the seesaw is negligible compared with
the mass of the children.

By what factor does the moment of inertia of the system increase?

® It doubles It triples © It quadruples
Table: Moments of Inertia of Common Objects

© It remains unchanged

Object Location of Axis Diagram Moment of Inertia
i Axis
Thin hoop of radius r I through central diameter mr
| T
i Axis
Solid, uniform cylinder of radius r | through center 2 ( )mr?
|27 Vol = R/ pe | A
| Axis
{ |
| Uniform sphere of radius r through center 5 A (% )me
Axis
Long, uniform rod of length / | through center + é—)m.‘
—f ——f
Axis
Long, uniform rod of length / through end _ (; )m!’
_——
| Axis
Thin, rectangular plate of length / 1 2
h h : F+
and width w fhrougyceaer y A (12 )m (P+w?)
W

Four rotating systems A, B, C, and D are shown in the figure. Each system consists of four
identical masses connected by a lightweight rod and rotating about the indicated axis.
Based on the distribution of mass relative to the axis of rotation, arrange the systems in order

9 .9000
d evee
$ "9V

A thin hoop and a solid cylinder have equal mass and radius.
Which has the greater resistance to rotation?

@ Hoop ) Cylinder © Equal

What is the moment of inertia of a solid uniform cylinder of mass m and radius r?

@l=l‘l’ll.'2 | '@\I—I/mez || \|©I=2/smr2 S, @ ["'flz fﬂlz /,).

@ Iy < I £ 1 &/l
® I, < Izl
© I <Ly <y
Qif=1 < 1) <ig

@ Depends on angular velocity

," iR, _.: ,’;' J L2} _,J

What is the mnmerrt-of mertla ofa umform saﬁd/fsphereq
@T=mr ©®I=¥me ©OI=%m? @I=YmP

0509886279 auc plac Gan dlauc /N



TERM3 Elnsteiln_RAE

A long uniform rod rotates about its center.
Its moment of inertia is:

@1=1/12 mP? ® I=Yml? © I1=mr @ 1= Y%mr>

A long uniform rod rotates about one end.
[ts moment of inertia 1s:

@1=1/12ml? ® 1= %ml? © [ =%mr? @ I=mr

Which object has the greatest moment of inertia for the same mass and radius?
@ Solid sphere @ Solid cylinder ~ (© Thinhoop (@ All are equal

A thin hoop has a mass of 12.0 kg and a radius of 3.00 m.
What is the moment of inertia of the hoop about its center of rotation?

® 36 kg-m? ® 72 kg-m? © 108 kg-m? © 216 kg'm?

A uniform sphere has a radius of 2.0 m. Its moment of inertia about its axis of rotation is 32 kg-m?.
Hint:

For a uniform sphere:/ = %mrzv\f’hat is the mass of the sphere?

®20kg ®40kg ©10kg ©3.2kg

A
A thin hoop of radius 1.0 m and mass 4.0 kg rotates about an axis passing through its center 0N
and perpendicular to its plane. A tangential force of 20 N is applied to the hoop, as shown.

What is the angular acceleration of the hoop?

® 10.0 rad/s? 3.0 rad/s? © 5.0 rad/s? ® 8.0 rad/s?

A rope is wrapped around a pulley and pulled with a constant force of 13.0 N. The pulley has
a radius of 0.150 m. If the rotational speed of the pulley increases from rest to 14.0 rev/min in
4.50 s, what is the moment of inertia of the pulley?

® 0.10 kg'ny? 147kgm®  ©599kgm>  © 8.78 kg'm?

A solid steel wheel with a mass of 15 kg and a diameter of 0.44 m starts rotating from rest
about its central axis. A strap is wrapped around the outside of the wheel and used to increase
its rotation to 8.0 rev/s in 15 s.

How much force must be exerted on the strap? 7 ? ,‘y
Hint: : :

the wheel as a solid disk: [ = %mr

7 A
®122N _|@298N “2O[355N SO 114N ||K

According to Ne'\iitoﬁ‘:s':'second l.':l.'.a\,r féf‘-fﬁfational"1ﬁ6fﬁ$n:

If

~Thet = I{X,

then X represénts: /. 2O 9 s ) \
® Nettorque @ Moment of inertia ~ (©/Angular acceleration @ Angular velocity

0509886279 sse pline cpanllase /i



END OF TERM 3 COVERAGE (2025-20286) ‘ 11ADV

A wind turbine has blades of radius 7 = 37 m and a moment of inertia of ] = 8.4 X 10° kgm?
The turbine initially rotates with an angular velocity of wy, = 1.1 rad/s

As the wind speed increases, the turbine experiences a constant torque of 7 = 1.6 X 10° Nm
What 1s the angular velocity w of the turbine blades after 27 s of wind action?

@ 8.4 rad/s _‘
@ 00]9 I‘ad;’S g = 1.1 rad/s | |
© 1.6 rad/s

@ 59.2 rad/s A—-—_J.I_A

Which of the following statements is NOT true?

® Angular acceleration increases when the torque increases.

Angular acceleration increases when the moment of inertia decreases.
© Angular acceleration decreases when the moment of inertia increases.
© Angular acceleration decreases when the torque increases.

Which point on an object moves 1n the same way that a point particle would move?
® The center of mass The inertia © The moment of inertia © The center of rotation
Center of- Notes

© Regular symmetric objects — is at the geometric center.
© Irregular objects — is found by suspending the object from different points.
© non-uniform objects — is closer to the heavier side.

Which of the following is a condition for static equilibrium of an object?
® The net force acting on the object 1s zero.

The net torque acting on the object is zero.

© The angular acceleration is zero.

© The angular velocity is constant.

Which of the following is a condition for rotational equilibrium of an object?
® The net force acting on the object is zero.

The net torque acting on the object is zero.

© The linear acceleration is zero.

© The linear velocity is constant.

Which of the following is a condition for static equilibrium of an object?
® The object moves with a constant angular acceleration.

® The net torque acting on the pbject iszero. . <2 1%
© The angular VGIOCJty af the ubject equalb its ]mear‘ Velocﬁy
© The objectmoves with a constant hnea.t acceleration.

0509886279 ssc pliac Gyanylae /1



TERM3 Eilnsteln_RAE

When two spheres collide, if one of them has more mass than the other, which of the
following is correct in terms of the force that each exerts on the other?

@ The larger mass exerts a greater force.

(b The forces depend on the velocities of the balls before the collision.
(© The smaller mass exerts a greater force.

(@ The forces are equal in magnitude and opposite in direction.

A tennis ball of mass 0.060 kg travels horizontally at a speed of 25 m/s.
The ball hits a tennis racket and rebounds horizontally at a speed of 40 m/s, as shown.

The ball is in contact with the racket for 50 ms. bal [ o .
i) b m/s
What force does the racket exert on the ball?

before hitting racket after hitting racket

@ 78N ©® 18N © 0.078N @ 0.018N

A ball has a mass of 0.30 kg. It moves horizontally with a speed of 3.0 m/s in the
direction shown. The ball hits a wall. After hitting the wall, the ball rebounds with a
horizontal speed of 2.0 m/s. What is the change in momentum of the ball?

® 030kgm/s ® 1.5kgmis
© 1.0kgm/s @ 5.0kgm/s Y (e R

A 0.50 kg ball 1s moving to the right with a velocity of 8.0 m/s. It strikes a wall and rebounds

with the same speed in the opposite direction.

What is the change in momentum of the ball?
¥ N

® 0 kg'm/s § ) U
pi=+B.0kg-m/s -.\ ¥ py=—-80kg-m/s

® —4 kg'm/s y

© —8 kg'm/s /

©® 16kgm/s i

A moving ball with a momcn‘rum of 25 kg m/s collides hcad -on w1th a wall, as shown.

The ball rebeunds ﬁ‘om the wall wn;h the same, speed but m the Dppﬁ‘ilte direction. il

The time of coHlisionds 50 ms. O

What is the average force exerted on the wall by the ball durmg the collmon”
0 ."'l

® J000N | B) (C500N - Y
© 100N & @ ofs0N
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An object of mass 1.2 kg is moving with a velocity of 2.0 m/s when it is acted on by a
force of 4.0 N. The velocity of the object increases to 5.0 m/s.

For what period of time does the force act on the object?

@ 3.6s ® "\ 1.5s W/ &2 @ 0.90s

A tennis player hits a tennis ball with an average force of 125 N.
The ball remains in contact with the racket for 0.0400 s.
What is the change in momentum of the tennis ball?

® 5.00 kg-m/s 4.50 kg-m/s © 3.94 kg-m/s © 1.30 kg'm/s

A car with a mass of 1100 kg is brought to a stop by a force of 124 N acting for 0.150 s.
What is the impulse on the car?

® 18.6 N's 8.87 N's © 18.6N-s ©® 827 N's
The momentum of a 3000 kg truck is 6.36 X 10* kgm/s

At what speed 1s the truck traveling?
@ 18.2 m/s ® 21.2 m/s © 242 m/s @ 27.2 m/s

A 1300 kg race car is traveling at 80 m/s, while a 15,000 kg truck is traveling at 20 m/s.
Which object has the greater momentum?

(@ The race car

(b The truck

(© Both have the same momentum
d Cannot be determined

A 300 kg snowmobile is traveling at 30 m/s.
How fast would a 200 kg snowmobile need to travel to have the same momentum?
@ 30 m/s b 40 m/s (©) 45 m/s @ 60 m/s

A loaded delivery truck has a mass of 5000 kg and is moving at 8 m/s
The truck is unloaded and then travels at 12 m/s
If the truck has the same momentum in each case, what is the mass of the empty truck?

@2500kg ®3000kg ©3333kg @ 3750 kg

A meteor moving through Earth's atmosphere has a momentum of 1 154 kgm/s
As it fallsy fnc‘tlon w;th the atrﬁosphere slows lt tcr— of 1ts ongma} Qpeed, ,.whlle its mass

decreases to Oths onglndl mass. o’

What 1s 1ts new momentum?

@0.064kgm/s  [(®0.128 kg'm/s,_ © 0256 kg'm/s 0 @.0.512 Kg'm/s
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ko) @ 13). (12 kg. m/5) gslud il Leads H)ida o u 200 A sy &y 2lymls
A ey oLy po (030 LAGS Cideling dupey upall 1 LS
Sl Less)lada puia) oS8

A cart moves at a constant speed; Its linear momentum was equal
to (12 kg.m/s). If weights are added to the cart such that its mass
is doubled while its velocity remains constant.

-o. What is the magnitude of its linear momentum?
|‘ (12 kg.m/s) |‘
[— =5 [ faxeamin |~ > | ﬂ
|‘ . e ,(Z;gsm/s) e o . |‘
To give an answer must know the I e VT (RO ‘
velocity magnitude

An object of mass 4 kg 1s initially at rest. A constant force acts on the object over a period of
time, as shown in the force—time graph.

What is the magnitude of the change in momentum (Ap)given to the object?
® 225 kg'm/s 900 kg'm/s © 3600 kg-m/s © 14400 kg m/s
Determine the final speed (vf)of the object immediately after the force is applied

® 225 m/s 900 m/s © 1440 m/s © 3600 m/s

The graph below shows the result of applying an impulse of 500 kg m/s to an object over a
time interval of 10.0 s. N

Determine the maximum force (F,,,)exerted on the object. 5 &

®25.0N ® 50.0 N © 100 N ® 5000 N a e
/_,.,
1 Tina (8} 10.0

During a crash test, the force acting on a dummy is recorded and displayed on the force—time gr aph.

Determine the magnitude of the impulse given to the dummy during the collision. oy (TT AT

® 50 N-s ® 100 N-s A

© 50,000 N-s[© 100,000 N-s Lr M O [1<2 & o X ] ‘TN
o \ --:,_\‘. A ."."I-' 0\ | | : ; ", _I-\_‘. ; .l_:_« ":‘._ | ’ ‘. ""'II {I\I ‘.]fl <| .I. raEEEEEEET
ANL )] (I? r:.:: /) ) )\ _,I - .,ﬁ;._ — | _:r | ’ 3 | - E s

Calculate the average force (F;vg)exerted on the dummy during the 10 ms collision interval.
®25kN  ® 5 0 kN © 10 kN @ 50 kN () \ A 0 ([0 {
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A 7.0 kg bowling ball is moving at 2.0 m/s. A constant force of —5.0 N acts on the ball for 1.0 s.
What is the resulting velocity of the ball?

® 0.71 m/s opposite to the original direction
1.3 m/s opposite to the original direction

Force (N)
Ui © W

© 1.3 m/s in the same direction as the original direction
© 2.7 m/s in the same direction as the original direction Time (s)

The sketch graph shows how the force acting on an object varies with time. The mass of the
object is 50 kg, and its initial speed is zero. Based on the force time graph,

calculate the final speed of the object at t = 25 s. i

® 2.5 m/s \
4.5 m/s ®
© 5.0m/s
© 225 m/s

o

o 5 20 25

The graph below shows the relationship between the force acting on an objeg?and the time
interval during which the force acts.
What physical quantity is represented by the area under the force—time graph?

@ Impulse \
(D Momentum i
(© Torque (Moment of Force)

) Acceleration Jokodee

30 M /S eyl abe dc e Jailxy Lsgec pulnias 58 g Lali€ on;) (w5 5,8
L 352 G 35300 51tda O L(A) JS ST manga 9o LeS (L83 Leavas Be Ly 15 AS
Jetad 05 F o ar L Besd (sadT J] el G ol /1 (§ eind 5,801 e 5lasd)

L (pladaa¥) 31500 fa3s 3,800 e slasetl L 31 S0 F 3580 500E0 Ce 230
AB) AL ol Gl m Il

Salila oY) .L...\F,,mx _,SJ1_,L:,'-_1.—.-_JIL¢,4,..@.H ,m«.._awnﬁmu

A tennis ball with a mass of 58 g collides vertlcally with
a wall at a speed of 30 m /s, and bounces back at
approximately the same speed, as shown in Figure (A).
The amount of force exerted by the wall on the ball
continues to increase until it reaches its maximum
value, F,, ... The relationship between the amount of
force exerted by the wall on the ball, F, and the impact
(collision) time, £, is represented by a graph shown in

' ®) | Figure (B).

What is the maximum value of the force exerted by the
wall on the ball, F,, ... during the collision?

F(N)

t{ms)

| 870 N |
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During a crash test investigation, two cars, A and B, collide head-on with a wall at the same
speed. The change in momentum of car A is equal to the change in momentum of car B.
Based on the force-time graph, what is the magnitude of the average force exerted by the

wall on car B? My A
® 25.7 kN
45.0 kN g > o
© 51.4 kN g
© 90 kN =
0 0.2 0.35
Time (s)

A box of mass 100 kg 1s placed on a truck moving eastwards at a constant speed of 20 m/s.
The driver applies the brakes, and the truck comes to rest uniformly in 5.0 s from the instant
the brakes are applied.

Calculate the average frictional force (F;Wg)acting on the box that is required to prevent it
from slipping during this time interval.
® 400 N westwards

400 N eastwards

© 2000 N westwards

© 10000 N westwards

A 2.0 kg jackrabbit is running at a speed of 18 m/s.

It runs into some briars and experiences a constant stopping
force of 200 N until it comes to rest.

For how long does the stopping force act on the jackrabbit?

® 0.18 s ® 0.36s © 5.56s ©1l1.1s

A 2200 kg vehicle is traveling at a speed of 94 km/h. If the vehicle crashes into a concrete
wall and 1s brought to a complete stop in a time interval of 0.22 s, what 1s the magnitude of
the average force exerted on the vehicle during the collision? —ax

®2.7%x 103N
1.5x 10*N 2200k
© 2.6 x 10° N S :
©® 5.7 x 10* N mg“ . : |
Question
Which row correctly describes the changes in the diver’s: ‘\% ‘;f; .
e \‘\,1-,‘- 5
« moment of inertia, and angular velocity 4 ’;?
as the diver brings the limbs closerto the body? =~ o |1 EL 7
A | Increases '~ Increases ux Jf"
B Decreases  Increases /
D : NS ayt __\

Decrgages ~  /-) |\~ Peéreases /7
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Tvpes of Systems «? ===
o Isolated System = U ?ﬁ? j

% No energy or matter enters or leaves —
% Only internal forces act i o
M
o Closed System el
% Energy may transfer s _ =
%+ Matter cannot enter or leave Heat +| Heat .|
Transfer —— Transfer —
e Open System
+ Both energy and matter can enter or leave
i, Important Note Open Closed Isolated
System System System

You can apply the law of conservation of momentum only when:
e The system is closed
e The system is isolated
« External forces are negligible

L. Warning

Conservation of momentum can ONLY be used in isolated systems.
non-conservative forces such as friction, air resistance, or external pushes
must NOT be acting on the objects.

Which of the following statements about a closed system and an isolated system is
incorrect?

(@ The momentum of any closed and isolated system remains constant.

(D) No system on the Earth's surface can be considered completely isolated.

(© The net external force acting on an isolated system is not equal to zero.

@ A closed system is a system that neither gains nor loses mass.

Mr. Abdulrahman Esam was studying for his Grade 11 Physics final exam. While reviewing
the Law of Conservation of Momentum, he found that part of his notes was unclear and
unreadable, as shown in the figure.

Help Mohammed complete the missing statement and answer the following question:

What is the missing phrase that describes the conditions under which a system's
momentum is conserved?
(@ Closed and isolated e s

(D Closed but not isolated (does not changE] in any
Lol P ay; system

(© Open and isolated
@ Open and not isolated

Which type of\ svstem allows energv transfer but daes not allow mﬂiter to enter or
leave? S e 7R =< U
@ Isolated Systcm @ Closed Sys“oem © Open Systcm @ Umform System
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A ball of mass 0.16 kg is moving forwards at a speed of (.50 m/s. A second ball, of mass
0.10 kg, 1s stationary. The first ball strikes the second ball. The second ball moves
forwards at a speed of 0.50 m/s.

What is the speed of the first ball after the collision?

@  0.50 m/s ® 0.31 m/s © 0.19 m/s @ 0.0m/s

P g ol g 5,0 /580 o 050 3 S o
iy P (g el s g Lt g

Beforal4 u—o» f LA S 0 , :
A billiard ball moving with velocity 3.0 m/s to the right
collided with a stationary identical billiard ball in an
elastic head-on collision,

After the collision, which of the following is correct?

@ vf(l,x) = 0.0 WS, vf(Z,x) = +5.0 m/s @ 'Uf(]_‘x) = +5.0 mx’s, vf(Z,x} = —50 m/s
© Vrx) = —2.0 m/s,  Vrexy = 0.0 m/s @ Vrix) = —2.5M/s, Vpax = +2.5m/s
Two objects X and Y move directly towards each other. The objects have the same mass.

Object X has a velocity of 5.0 m/s to the right

Object Y has a velocity of 3.0 m/s to the left. O —..5‘0 /s - 3.0m/s O

Objects X and Y collide and stick together. X Y

What is their velocity after the collision?

@ 4.0 m/s )] 4.0 m/s © 1.0 m/s @ 1.0 m/s
to the right to the left to the right to the left

A car of mass-1000 kg travellmg 1at 8.0 mys colhdes w1t11 a lor.ry ofmass 3000 kg
travelling at2.0 mfs inthe f.ame direction, L)) - YL
After the (.0"15!0[1. the two wh:clcs stlck together

What is their speed after the colllsmn?

06N
Ly

® oo H\l8Bsmss> © s S\ @ 20ms
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An object of mass 3.0 kg, travelling at a speed of 6.0 m/s, collides with an object of mass
2.0 kg, travelling in the opposite direction at a speed of 2.0 m/s. 80ms—= —20mis

The objects stick together during the collision.

What is the speed and direction of the combined mass after the collision?

@ 28m/s ® 2.8m/s © 4.4m/s @ 4.4m/s
to the right to the left to the right to the left

A bullet of mass 0.10 kg travels horizontally at a speed of 600 m/s.
[t strikes a stationary wooden block of mass 1.90 kg resting on a frictionless horizontal
surface. The bullet stays in the block.

What is the speed of the bullet and the block immediately after the impact?
@ 134 m/s ©® 60m/s © 32m/s @ 30m/s

A trolley of mass 4.0 kg is moving with a velocity of 4.0 m/s. It collides with another
trolley of mass 2.0 kg that is moving in the same direction with a velocity of 2.0 m/s.
After the collision, the velocity of the 4.0 kg trolley is reduced to 3.0 m/s.

What is the veloeity of the 2.0 kg trolley after the collision?

40m/s 20m/s 30m/s v
—_— —_— —_— —_—
4.0kg 2.0kg 4.0kg 2.0kg
-O—G)r HO)—O)
before collision after collision
@ 0.25m/s ® 4.0m/s © 5.0m/s @ 16m/s

A 2000 kg car traveling at 20 m/s toward the east rear-ends a 1000 kg car traveling
at 10 m/s toward the east.
The two cars stick together after the collision.

What is the speed of the combined cars immediately after the collision?

>
|

® 167l (B1S0S|| @ LBy B1TTWAILIL)|
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yxid Jolidl JI (400 kg) i oSlu )8 00 (B0 kg) S Ja, 543,
(1.0 M/S) Lajliie 3Ga8 Aoy ol e Vinieh Soplall

A man with a mass of (80 kg) jumps from a stationary
boat with a mass of (400 kg) to the shore. The boat moves
away from the shore with a horizontal speed of 1.0 m/s.

- What is the speed of the man's movement? What is its
_ direction?

0.2 m/s,(Towards the shore Ll g=3)

0.2 m/s,(Away from the shore :LLiIl il

‘ 5.0 m/s, (Away from the shore  LLLI < lia) \

5.0 m/s,(Towards the shore  LLil =)

An astronaut at rest in space fires a thruster pistol that expels a quick burst of 35 g of
hot gas at a speed of 875 m/s.

The combined mass of the astronaut and the pistol is 84 kg.

How fast and in what direction does the astronaut move after firing the pistol?

_'_. +x
(@ 0.36 m/s to the left (i (e
(® 364.6 m/s to the right >
© 364.6 m/s to the left ) | I 2
@ 0.36 m/s to the right | \
L = c:'_':" Vector Diagram

A spinning top has a moment of inertia of 2.5 X 10~* kg m”and rotates with an angular  «»,=s.+#,
velocity of 140 rad/s. What is the angular momentum of the spinning top?
® 0.035 kg'm?/s 0.025 kg-m?/s © 0.015 kg'm?/s © 0.045 kg'm?/s

N .o < M O 17 st 1140 R /M (]
A gymnasl;-;:qﬂalteé:\l around @ Bprlvulgth a moment of iiertia of 15kg m’ and an angular velocity

of 6.0 radfsWheﬁthe:\g)rmnaétleSmg(l{I!t/s, he tqclf.?/lzns bodyﬂndreauchslllnis moment of

inertia to 3.9 kg m?. Assume no external'torques act on the gymnast.
What is his angular velocity while in the air? i
®23radls @19radls ©26radls, ®17radls

f \ s
s

J ) (RS

B

L/
\
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A closed and isolated ice skater spins with her arms held in.

Her angular momentum is 1.3 kg m? /sand her angular velocity 1s 3.2 rad/s.
What is her moment of inertia with her arms held in?

® 041 kg'm? 40kgm?> ©0.51kgm? ©1.0kgm?

A diver turns in the air with a straight body and a moment of inertia of 15.5 kg m?.

She then changes to a curved body position with an angular velocity of 12.6 rad/sand a
moment of inertia of 3.40 kg m®.
What is the diver's angular velocity when her body 1s straight?

® 0.439 rad/s 12.6 rad/s © 2.76 rad/s © 42.8 rad/s
An 1ce skater pulls her arms inward while rotating.

What happens to her moment of inertia and angular velocity?
- Moment of Inertia Angular Velocity

' A | Increases _ Increases

' B | Increases Decreases

| C | Decreases Increases
D | Decreases Decreases

An ice skater is spinning and then extends her arms outward while no external torque acts on

her. What happens to her moment of inertia and angular velocity? *
Moment of Inertia Angular Velocity
' A | Increases Increases
B | Increases Decreases
' C | Decreases Increases
D | Decreases Decreases

The figure shows an ice skater spinning with his arms outstretched in case A and pulled in
above his head in case B.

Assuming that the skater's angular momentum remains constant, which of the following
statements is correct regarding the moment of inertia and angular velocity?

(@ The angular velocity in case A is less than the angular velocity in case B.

() The angular velocity in case A is greater than the angular velocity in case B.
(©) The moment of inertia in case A is equal to the moment of inertia in case B.
@ The moment of inertia in case A is less than the moment of inertia in case B.

Which of the following statements is not true about a rotatin;: object?

@ The objéct's angular velo¢ity remains-the same even If the shape of the object changes.
(® The moment of'i mertla depend‘; on, the Jobject" § mass. J L)

(© The moment 6Eiffertia depends on he}!@/ 'the object's mass is distributed ahout the axis of rotation.
(@ The angular velocity of an object can change even when no external torque acts on it.

(il
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