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A ) gal) 4S jad) 1 oY) Baa gl) — damda (e JLGAY) Al

Multiple-Choice Learning Outcomes — Unit 1: Rotational Motion

An angle can be measured in degrees, in revolutions or in radians. One radian is the angle at the centre of a
circle subtended by an arc whose length equals the radius (s = r). In general 8 = s/r, a ratio of two lengths, so
“rad” is only a label. A full turn equals 2n rad = 360° = 1 rev.
s =r) 8800 shal Chal 5 ghgy 4 ylo il AL 458 5l 400 30 0 Sl Gat il o 95 sady o e sl A I 8 Sy
=2nrad =360°=1 rev ALl 5, ol 5 saa ) e AV 3 e rad 4S8 1Y ol ghs s 2y B = s/rple dauy

- iz
=3

Gl g s el dails Uiy
Common angles in degrees and radians

Jsiaa JUa
Worked Example

Worked example: (a) Convert 90° to radians: 8 = 90° x 1/180° = /2 rad. (b) Convert 31/2 rad to degrees:
3n/2 x 180°/m = 270°, (c) A body moves half a turn on a circle of radius 20 cm: 8 =t rad and the arc length x =
r8=0.20x t=0.63 m.

"0 A ¢ v R

8=90° x1/180° = m/2 rad ok 1 90° Jis (1) o s JEL
3n/2 x 180°/m = 270° :=\a 2 ) 3n/2 rad Jss (<)
063m=x=r8=0.20xmn sl JsghsB=mrrad 20 cm b i Cialis jb o3 )0 caal d al s (z)

“ D565810072 ol ol Al )
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daga o g8y CABaN
Important Notes & Equations

B=s/r
rad = deg x 1/180° deg =rad x 180°/n
1rev=2nrad = 360°

rad/s.

A aay Ay

Exam Questions

saaly A s bl Ayl
The angle of one degree

ol B o 8

" A ¢ YR

8mn rad . Amrad . 2nrad .

Common mistake: Using a calculator in degree mode for formulas that need radians; forgetting that v = rw requires w in

rad/s bia g SlhS v = rw Gl Gy 1 1 S g A Sl 3 ada g dadal) Y plaaial el Uas

Which statement best defines a radian?%5 s Jaadls (lud) )1 ci s 400 <) jlad i 1,

il s i J gl (g ghacy AN Ayl 50 il Cieal Cieal L g Jyla (g sss ) Ayl 0

The angle whose arc length equals the diameter The angle whose arc length equals half the radius
(r) il Chaal 5 sy Al gl il TLED A 4l 30

The angle subtended by an arc equal in length to
the radius

Convert 90° to radians..ok?)) A 90° Js 2.

90n rad . /4 rad I 2n rad . n/2 rad .

a3 S (o glaad G 30/2 A 1dRa 413 3,
An angle marked 31/2 rad on the circle equals how many degrees?

flelu 6 JA A gl gha) ) Le el Gl (e (5 55 LaS (e ga) Aslud) o jlie (uSe (o ) 984,
Earth rotates counterclockwise seen from above the North Pole (counterclockwise = positive).
What is Earth’s angular displacement in 6 hours?

+2nrad . +mt rad l +1/2 rad . -n/2 rad .

Thela 48 J38 (N 55 Gl 2S5,
How many radians does Earth turn through in 48 hours?

el bl B DL S

o

nrad .

p———————]

;c_ 0565810072 e ) 83 Al DA/



" e v YA

Mr.Fslam Salem Eltwanh S Grade 11 - 2027-2026

Every point of a rotating object moves along a circle of radius r. Its linear (tangential) speed is v = rw, where
w is the angular velocity in rad/s. The linear speed grows with the angular velocity and with the distance r
from the axis; its direction is tangent to the circle.

Saa gy Azl e sl @ Sua v = rw (Rededl) Adadll Lt sy or b sl a5 002 Jaa e a5l sl Akl S
5 s Lealadly ol G paadl S0 Ayl 3 Ao s A daall e 5l 925 rad /s

Worked example: a body moves on a circle of diameter 50 cm making 120 revolutions per minute. r = 0.25
m;w=120x2n/60=4n=12.6rad/s;v=rw=0.25%x12.6 = 3.1 m/s.

Addal 35,50 120 aleais 50 cm W ki s e e & el a1 s S0
r=0.25m tw=120x 2t /60 =4n = 12.6 rad/s tv=rw=0.25%x12.6 3.1 m/s.

V=rw
w=A0/At
Common mistake: Using the diameter instead of the radius; leaving w in rev/min.
Jigad 5 rev/min s o 2 iy 4 el e Jo el siada) ad Uaa

A LAy AnLy
Exam Questions

¢ ogall (o r i de @ Ayl s el y Akl eyl by 5 AR 51 6,
Which relation connects linear speed v and angular speed w at distance r from the axis?

v=rw. v=w+r. v:r/w. v=w/r.

2l 5 bAl) e s 1 = 6.38x10° m. 5 w = 7.27x10° rad/s oo N ¢l gl ba e Ak 7,
A point on Earth’s equator has w = 7.27x107% rad/s and r = 6.38x10° m. Its linear speed is about:

1670 m/s . 7.3 m/s . 464 m/s . 43 m/s .

.t 0565810072 @ —me ) Al
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© oS1 At e pos Ll gl (P (oA (s (il 51320 G W) le (ki 8,
Two points on a rotating Earth are at different distances from the axis. Which has the greater

linear speed?
L A ol Ll ! a5l o AN Adaiah
Both always have the same speed The point nearer the axis
Lgie gl e ¥ ssaall e g Al
Neither point moves The point farther from the axis

q
!
:

gl Ae e 78 rad/s. 4ug) ) 45 pe 9 0.64 m WAkl dlas 9,
A wheel has diameter 0.64 m and angular speed 78 rad/s. Its rim speed is:

25m/s - 0.41m/s . 244 m/s . 50 m/s .

AhAl ghe ju Lalad o gl gaa e Ak 10,
A point exactly on the axis of rotation has a linear speed of:

s
w
zero
w Y Gl e P J’Lui
infinite equal to the rim speed

0565810072 @ —me ) Al

l[———— 0 A ¢ R
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a=ro sl el g oldli by 03 Akl A

Learning Outcome 3: Relate a = ra

When the angular velocity changes, the angular acceleration is a = Aw/At (rad/s?). The tangential
acceleration of a point at distance r from the axis is a = ra. The point also has a centripetal accelerationa c=
v3/r = rw? directed towards the axis (added by the compiler — not in the source file).

a » )P..-l";;&rJ,ﬁw(‘,u'u.]»q}nij\&)u",.rad/szl;;,,;q:Aw/At é,‘}i‘&)d'Q}%lij\}h:\;).J ),.:;“_r_

1

oA Gk e ge g — Ml e WD) jadl mia c=VP/r=rw? S e f bl Uad ddaiilly = ra

\(_IJ () duglill dc puudll

) (a) ol gyl
y :

Ay 0y Askadl) SLST e A

Linear < angular relations

Worked example: a truck has linear acceleration 1.85 m/s* and its wheels have angular acceleration 5.23
rad/s? r=a/a =1.85/5.23 = 0.354 m, so the wheel diameter is = 0.71 m.
I\

.5.23 rad/s* WSl LY s ¢ 3 £l 4 1.85 m/s? il Lo LS Aaald o] s S0

r=afa=1.85/523=0.354 m= )Lyl )k 0.71 m.

a=Aw /At
a=ra
Common mistake: Confusing tangential acceleration (ra) with centripetal acceleration (rw?)

Arw?) s3S,d g a5 (ra) daad § Judd fpu daladl rails U

el bl B ADy S

s
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Ay Ay A
Exam Questions

o g9 gl @ ) il by 5 AR ) 11,
Which relation connects tangential acceleration a and angular acceleration a?

ol oenfl el e

tAdaall b 5,23 rad/s?. Widkaad ¢ )M g ludll 3 1,85 m/s? b g b daldl 12,
A truck has linear acceleration 1.85 m/s?; its wheels have angular acceleration 5.23 rad/s* The
wheel diameter is:

1.41m - 0.707 m . 0177 m . 0.354m .

Al & e Jadl) § ) gkiall @ i 48 cm YDhae kb 5 ghila Al e 13,
The truck tows a trailer with wheels of diameter 48 cm. Compared with the truck, the trailer’s

el bl B DL S

linear acceleration is:
sl Al
larger the same
zero smaller

15 shiall Claal g 91 3 £ ledl) (Galead) J gl B 14,
For the trailer in the previous question, the wheels’ angular acceleration is:

7.71 rad/s? . 2.57 rad/s? . 3.85 rad/s? . 5.23 rad/s? .

1G9 e el HUBEIIL 15 5 VA 78 rad/s JMias A gl I e s daE Alas 15,
A wheel increases its angular speed by 78 rad/s in 15 s uniformly. Its angular acceleration is:

93 rad/s? . 0.19 rad/s? . 5.2 rad/s? - 1170 rad/s? .

" A ¢ YR

T 0565810072 s W43 R DV
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A ) gall AS jall Ol piie Jileea Ja g 1o = 2mf 14 Alad 7 A
Learning Outcome 4: w = 2nf; solve rotational-variable problems

Angular frequency is the number of complete revolutions per second, f (Hz); the period is T = 1/f. The angular
velocity is w = 2nf = 2n/T. Rotational variables are linked to linear ones by x = rB, v=rw and a = ra, and for
uniform rotation AB = wAt.
T=1/f sl gty ¢(Hz) f a4 AL &) ) 222 g2 0 58l
I

il J';,.'..’.'9_'!3.a:ra,v:rw,x:reéﬂ)aﬁ‘_ji__daﬂq:\__ﬁl),;h G pmtdibd iy = 2nf = 2m/T Gl i de judl

A8 = wAt

6 dssulauil Sloasd)

asiljgall as il

or

(o Theta) digli)l axijyl
presnandl Wpgap AN duglii Jlaa

(rad) JLalJu A\aas

{ o Omega) asglill ace junll
st b il gt AW ) Jase
A O
At

D

( «x Alpha) sa9ljill g Ludl)
s bl Apnilly dgal il As sl 4.

A w

At

x

a s AD AT el AS 2l & L eS|

Basic rotational quantities A8, w, a

Worked example: the Moon turns once in 27.3 days (r = 1.74x10°m). T= 27.3 x 86 400 = 2,36x10°5; w =
2n/T = 2.66x107° rad/s; v=rw = 4.6 m/s.

r=1.74x10°m) L2 27.3 S iS5 558 paill o 1] sae s
T=27.3x86400=2.36x10°s!
w=2n/T = 2.66x10"°rad/s v=rw = 4.6 m/s.

f=1/T
w=2nf=2n/7T
1 rev/min = 2n/60 rad/s
A0 = w At

" A v R

Common mistake: Mixing rpm, Hz and rad/s; forgetting the factor 2ntin w = 2nf.

= 2nf B 2n Jaladl leds trad /s s Hz 3 rpm ox il fa85 Uaa

S el k) b ADL aSe

A

e 0565810072 o 62 Al AN/
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Exam Questions

g ) e e Al JSdolud) o jlie (uSe Baalg B ge s Al 17,
A toy makes one counterclockwise rotation per minute, Its angular velocity is:

+60 rad/s . +6.28 rad/s - -0.105 rad/s . +0.105 rad/s .

189V 4o i 8.0's JUA HUBIL i 435 635 rev/min S Al L) ghul 18,
A washer drum turning at 635 rev/min stops uniformly in 8.0 s. Its angular acceleration is:

-8.3 rad/s? . -79 rad/s? . +79 rad/s? . +8.3 rad/s? .

T S A il Bad e 5 hual Lhadld) A i Lags 27.3 JS BsS Js (r = 1.74x10° m) &l 19,
The Moon (r = 1.74x10° m) rotates once in 27.3 days. The linear speed of a rock on its equator is

464 m/s . 46 m/s . 4.6 m/s . 0.46 m/s .

g M Ae ) (19555,5 cm ) 1 = 2.7 em (e JESY) e 1.4 mfs. A0 Abal) A judl A5 Suay a8 s 20,

~

(Rl y s Ldeat) Anieal) Y W s 201 G LAN) S g 9030 330 F 9 50 g 5 Altaa 1 16, el

Which equation relates frequency f to angular frequency w? (options reconstructed from a poorly g
scanned page)

1

w=f. w=2n/f. w=2nf. w=f/2n. 3

about:

A CD track spins so the linear speed is constant 1.4 m/s. Fromr = 2.7 cm to r = 5.5 cm, the angular
speed:
5. 52 rad/s A5 52 rad/s ) 25 (= 2l 5
_g stays 52 rad/s increases from 25 to 52 rad/s
% 25 rad/s A5 25 rad/s ) 52 U JE
stays 25 rad/s decreases from 52 to 25 rad/s
” ’ .
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Learning Outcome 5; Same angle/rate for all points, different distances

A rigid body does not change its shape while rotating. All its points turn together, so they have the same
angular displacement, angular velocity and angular acceleration. They differ in distance from the axis,
therefore the linear speed v = rw and acceleration a = ra are larger for points farther from the axis, and equal
to zero on the axis.

Bl Leads o g 50 g Ll Ayl I Ao sl s 4y 90 Al Y0 g g Les el e ) 8 ()5 pal) o8 S s Y Ll sl
o) e Ve G duds sl e a1 LA 581 a = ra g bl s vs e Akadl de pudl S5 el sl G Ly

Ll A g e AL '.AJ-,;..J,;G.J‘;'I;J;,.‘DJ!QLU
Ceiling fan blades Examples of rotation: Earth about its axis

Note: Source coverage is partial: only the introduction (rotation vs circular motion) and conceptual questions are in
the source.

5 A ALY 3 (R 50 S 2y 5201 S il b gy i el s A de

Worked example: all points of the Earth have w = 7.27x107% rad/s, but a point on the equator (r = 6.38x10¢
m) moves at v = rw = 464 m/s, while a point at the pole hasv =0,

464 = v =rw ¢ s (r=6.38x10°m) ¢/ Sl Jai e Adads (Sl i) = 7.27x107% rad/s L ¥! bl asaad o e UL
0= e ju il e diiy im/s

wa=wg (same rigid body)

vVa / Ve =Tra I s
Common mistake: Saying that outer points have a larger angular velocity; they have a larger linear speed only.

SY1 b b Al g o o gramaall 581 g e e g i i S ) i s Ui

plyJall) B DY aSa
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Exam Questions

I e e 8 B s 21,
All points of a rigid rotating disk have the same:

q
!
!

PHE BRUE ST s a1 B Vgt Ay 30 Al 30
linear speed angular displacement in the same time

Lgaat de g A3l s sl g Ll
distance travelled linear acceleration

i(rad) B Aug)) auadl jsu asic p ol o Al Lgakis 3N Adleall 22,
The distance travelled by a point at radius r when the body turns through 0 (rad) is:

ol o ew o

T (g g1 3 ) 5 ik e e gaall 08 (o AT Ak ) i a5 A 23,
A point twice as far from the axis as another, on a rigid body turning through the same angle,

travels:
i) s Al i
twice the distance half the distance
Aaludl J..hl 3.-.;)‘ gt A8l
four times the distance the same distance

(ke ) el (Aia) o W1 fasaia o) Lall i 24,
Which statement is correct? Earth (rigid) vs the Sun (not rigid).
Alia Sy 8 A (i 5y Lalis

Different points of Earth rotate at different
rates

S Ganll) ol ol Ll s Jaeddy 535 2 W1 6l Jal puan
All parts of Earth rotate at the same rate; parts
of the Sun do not

i Joadly 98 pandd) ¢l paa
All parts of the Sun rotate at the same rate

" e ¥ v A

Ldide pulygia gV 2y
Neither body has an angular velocity

«— 0565810072

- il o2 alls AN/
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g ) e e 08 )50 s g B e (5aa) B g (JSa) <) A ol 25,
Two spots A (near centre) and B (far) on a rotating rigid disk. Compare their angular velocities.

wA>w B i s
e Equal and non-zero

ho Lalils
Ha wB>w A

Both zero

{
!
3

Torque measures the ability of a force to produce rotation. = F:L = F r sinB, where r is the distance from the
axis to the point where the force acts, 0 is the angle betv_veen the forceand r,and L=rsinB is the'leve_lf arm
(the perpendicular distance from the axis to the line of action of the force). Torque is a vector: by convention
counter-clockwise is positive (+) and clockwise is negative (~) (“clocks are negative”). If the line of action
passes through the axis, L=0and t=0.
gl By s il 5 Al ) sl eaa (e Ailead) P &um iT= Fol = Forosin® s sl Slaad le 515 sl e w5l
el G jie e Gl sl Agata 4308 a5all (55l dae Jad g ) sad) G g gendl Ailecdl) 580l 155 L = rsin@ s ers i) O
X=0sL=0H jeadus @ Jee dad ja i)y («ila deludl G e p) (=) sl delidl G fie aa g (+) win e
The net torque is the algebraic sum of all torques about the same axis, £t =1 + Tz + .... Torque increases with
a larger ‘force, a longer lever arm, and a force applied perpendicular to the lever.
e g8l g0 el 5y 8l By pall Sy L H ST HZT =T A jsadl dgaa g el OS5 il § saaddl (8 25 jall Alaa
£ e Ge e 340 20

& 72 B
o’ s Y !
|7 A N\
‘;{}.;AQ,. "l
% \‘. ‘Hr"
4
sdlgl
‘ : Lever arm of a force
Sl e Al gL i 8
Same force, different positions of the door handle
0565810072 ol 42 Al AN/
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Worked example: a nut needs a torque of 35 N-m. With a 0.25 m wrench and a force perpendicular to it: F =
t/L=35/0.25 = 140 N, A longer wrench needs less force.

gl A gee 3585 0.25 m A sh Ui 35 Nem p e () 4 sabea a3 1 sl SO
A s gl ol Pl Jola o5 LIS, F = 1/L=35/0.25 = 140 N

T=FL=Frsin® (N'm)
L=rsin®
IT=h+z+.. (CCW+ , CW-)

Common mistake: Using r instead of the lever arm r sinB; forgetting the sign of each torque before adding.
aeaadl Jd a e JS 8 LS iy orsin® sl g1 53 S r pladia) fadl Uaa

A LAy Ay

Exam Questions

08 ALl G e s sl g ) s 531 ) catall 3G s 26,
By convention in this course, a torque tending to turn the body clockwise is:

¥ Lo e

negative positive

oo K142 ) pusg) | a

either, chosen at will for each torque zero

a5l aude dudgas 5 iy 25 cm ldall J gk 35 Nem aJe wisthall 27,
A 35 N'm torque is needed. The wrench is 25 cm long and the force is perpendicular to it. The
force needed is:

1400N. 140N- 87N- 8.8N.

1R e 3Rl £150 Jgh (S O s 1A e s gas 135 N B8 aall 55,0 Nem e J ganll 28,
To obtain 55.0 N-m with a maximum force of 135 N perpendicular to the lever, the lever arm must
be at least:

0.0245 m . 7425m . 245m . 0407 m .

" A ¢ YR

e | 1 T Uy — )

el bl B DL S
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Moment of inertia | is the resistance of a body to a change in its rotational motion. For a point mass at
distance r from the axis | = mr?; for several masses | = £ m r* (the axis position matters). Newton's second law
for rotation: It = la. The moment of inertia of extended bodies depends on their shape and the axis (see the
table).

I=Xmr? JSsaly = mr? el fe rad ki Al A1) ol 48 el adla 3 5aill il Al jie 5o | SO ) sl 550
Olosd) amey eSS o sxiedl sluadl jpeaidd oo adingy T = la 10l sall PO e Gl y (sadl puase e g )
(sl )

el bl B DL S

Sasate abas¥ 00 jeaddl aie 2 Jeanat

mr? el

=z
) =
—

- | = | e |
rm’({) .'_I»A:JI__ Ll ais L.I-T-utl:-h J::-‘
=
oreen | 2] |
L' , "ﬁm_d
s slal A el 2 0

Moments of inertia of common shapes

" A ¢ YR

Worked example: two 0.30 kg masses at the ends of a 0.66 m light rod, axis through the midpoint. r=0.33 m;
1=2x0.30 x 0.33 = 0.065 kg-m?.

tr=0.33m Al 2 ol 5l J,:-,O.Gﬁmd;hdﬁiw-‘éqi)hit 0.30'(3;1‘-:\!5:;1}‘5—.3:\-
|=2x0.30 x0.33% = 0.065 kg:m?*.

“— 0565810072 il 2 Al AN/}
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I=mr* I=Imr?
It=la
hoop: | = MR?* solid cylinder: | = ¥MR? solid sphere: | = %MR?
thin rod: about centre | = (1/12)ML* about end | = (1/3)ML?
Common mistake: Using the distance between the masses instead of the distance to the axis; adding | of different axes.
Adline jglae Jea jpalagie aaayt ) o A IS s Jay Al s Al Bdi) fadl Und

A sy ALy

Exam Questions

ASaa gy g enall (e p e Akl AN A gaill 230 29,
The moment of inertia of a point mass m at distance r from the axis, and its Sl unit:

I =%mr?, N'm - I =mr, kg-m/s . I =mr?, kg:m? - | =mr, kg'm .

ghaaila Jga Wyl a e 0,66 m W sh Adds sl B b s 0,30 kg GLS tLas 30,
Baton: two 0.30 kg masses at the ends of a 0.66 m light rod. | about its midpoint is:

0.0327 kg'm? . 0.0653 kg:m? . 0.196 kg:m?* . 0.131 kg'm? .

2 Jras o skl aal ) Cluatiall (e gaall R (AR Laall 37,
For the baton above, moving the axis from the midpoint to one end makes I:

half as large il cial twice as large 4wl Ciaa

four times as large JU! 4a; ) unchanged i (32

tdalaay gl 238 333 Aaga i a0 0.6 M ) 0.3 M Oa Gl ghedia GUES JST 32,
Two equal masses move from 0.3 m to 0.6 m from the pivot of a see-saw. | of the system
increases by a factor of:

] I e 3

" A ¥ R

)

el bl B DL S

e 0565810072 —- ) Al %)
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The centre of mass (CM) is the point of a body that moves as a point particle would. For a uniform body it lies
at the geometric centre. For an irregular body, hang it from a point and draw a vertical (plumb) line from the
suspension point; repeat from a second point: the CM is where the lines cross. A body is stable if its CM is
above its base; a low CM and a wide base increase stability, and a body topples when its CM moves outside
the base.
e il i) e pusally | aniiel o 58 5a A al kil pucal) iy el pptiall o s LS o TS sl 3 i S S
50 @8 15 e il S5 k) QS i AESY S pu 05 0 A S0y T A (g 0 k) 3 A
Aell Ge AT a3 130 pusall Gl g o ) Y 31 ) 3o\l Sl g ABSH S ja il LSy el 38 31K

{
!
3

“-_s)-uJ‘P

; plilie b pcn AIE K pe s CM of uniform shapes
Stability of vehicles

Finding the CM of an irregular body

Reasoning example: a person standing in a bus spreads the feet apart — the base becomes wider, so the CM
stays above the base when the bus accelerates.

AR p s v 8 S S j iy ATl i DBl 3 el 0 pastl) sely sg il M

m;Xx; + m;x; +
e
m;+m;+ ..
Common mistake: Thinking the CM must lie inside the material of the body (a ring's CM is at its centre),

§ (48 e A ALY TS S ) aneall fole JAs Ly AKSD S e ) i) e L
E
\l_ 0565810072

e ——— o 63 Al ANt/
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Ay Ay A
Exam Questions

_

U a0 aliia 8 haeis ae ANS S je aaadl 34,
To find the centre of mass of a flat irregular object experimentally you:

q
!
!

Calusa (el Ny
measure its area weigh it
< 4 Lgadalis e AESH 35S ja gleipual ) taghas aus 53y dilisy Lali3 e ailas
A4S o )y i s . ol i
ot fast suspend it from different points and draw vertical lines;
R the CM is where they cross
TGS 38 pe (9 Ladie GG ST aad) (5% 35,
A body is more stable when its centre of mass is:
higher k! lower  aisl
onitsedge  4dla i outside its base Aleli m ja
SRS A e 8 A8 jal) Jaas uds i 36,
Which change makes a vehicle LEAST likely to roll over?
|
Ol e Bual i e gl 4
Narrowing the wheel track Raising the load on the roof
Cidlnall (g Aiaa]) g g ALSY 6 50 i el S
Lowering the CM and widening the track Moving passengers upward
TAGLS S jas jlall ol 1 Jadl) ad Lasie (§ gaiiall AL 38,
A box tips over when the vertical line through its CM:
Ll )yl Hgaa s aicli Jabs
passes through the pivot only stays inside its base
Lﬁil 0 )\&5 ) sacld z BLE
is horizontal moves outside its base of support

I[— O e ¢ R ==

0565810072 il 630 Al A/
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A body is in static equilibrium when its velocity and angular velocity are zero (or constant). Two conditions
are required: (1) £F = 0 —translational equilibrium; (2) £t = 0 about any axis — rotational equilibrium. To solve
a problem choose a convenient axis (for example the point where an unknown force acts), write the sign of
each torque, and apply both conditions.
OV = 3F =0 (1) s p 5l oSS gl Ve g 30 e g At e STl (S0 O B el 008
S 8 ) 3y (A g 58 000 A 0] Ui 1y g 5585 ) Jad g 305 080 3= s 5 Jm Er = 0 (2) s )
B

el k) B Dy S

e ey

00 Al a0 g a0 1) el A
Sec;aw: torques about the pivot

IF=0
It=0
Common mistake: Writing only It = 0 and forgetting the support reaction forcesin IF = 0.
IF=0 Al Jad o o Sl g Sl Fr = 0 48 1l Laa

" A ¢ R

Ay Laay ALy
Exam Questions
Ta 0k SO )3 B avad) (98 S 39,
For static equilibrium an object needs:
IF =0 only JF=0and It=0
IF#0andit=0 It=0only

0565810072 ol o) s AV
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Th a0 093 (192 48 b aea ALS S 5a e i 548 40,
A force acts through an object’s centre of mass, accelerating it with no rotation. The object is:

ul

D ) 53 Sl ) 5 i

in translational equilibrium in static equilibrium g
LV usay Y G yge -

neither in rest nor motion in rotational but not translational equilibrium 3
-

103 e (e (kliA Gl B ) NS O ) e (leaSlatia (U gledia (15 g8 41,
Two equal, opposite, parallel forces act at different points of a body. Then:

IF=0butirz0 IF=0andIr=0
JF#0and2tz0 JFz0andit=0
10 e AN )Y 42,

Translational equilibrium means:

o3 Y paall Jhes pyjall Alass

the object is not rotating the net torque is zero
Sl paead) Jhea A Al G il ALY sead)

the object is at rest the vector sum of external forces is zero

10 i A G 43,
Rotational equilibrium means:
Sea psaa gl dgnagiall g Y1 g saadl

the signed sum of torques about any axis is
zero

sl e 2K S 5 L33 jhea 4551 1) el
the CM is at the pivot the angular speed is always zero

o 5l § pana
the sum of forces is zero

l[———— 0 A ¢ R

0565810072 il o2 alls AN/
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In a rotating frame such as the Earth, a freely moving object appears to be deflected. This apparent
(fictitious) force is the Coriolis force; itis not a real interaction. On Earth it deflects winds and ocean currents
to the right in the northern hemisphere and to the left in the southern hemisphere, which makes large
cyclones rotate counter-clockwise in the north and clockwise in the south.
Ul 50 558 A (Rren gll) G alal 3.l oda g o Jlase (o iy ey S aidl mall ol iy (W i V38 an e il B
298 gl ) gy Il 58 il A Gl g Al Sl el G as ) ey Uiia 100 S
st Al e aa g il S el G i (e 6 Sl pale Y

{
!
3

Coriolis effect: apparent deflection in a rotating frame
Common mistake: Treating the Coriolis force as a real force exerted by another body.
oh pain Ly i e Sl ) sS 58 i 1o Uni

A LoAY) ALY

Exam Questions

gl Ol g ) 58 5 48 s 55 44,
The Coriolis “force” is best described as:

EPEAPE LR PIS PR P B L PRI

3S aid sy e Aok Akin 3.8

an apparent force seen in a rotating frame that a real force from a contact
seems to deflect moving objects

Lulla.sgé Liasgd

a magnetic force a gravitational force

A s 42 8 Sl Gl ja 5 158 o B e § S AN 45,
A ball is thrown across a rotating disk. A fixed outside observer sees its path as:

" A ¢ R

iy jla L.

a spiral curved
Sy ' 35 2l Ao juep Ui Ut
zero motion a straight line at constant horizontal speed

0565810072 ol o) s AV
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B s sau )53 pa Al e B ja ) Al 46,
For an observer on the rotating disk, the ball’s path appears:

-

pe 4235 IS e
straight curved, as if a force deflected it
G sl
vertical stationary

SOV chagh (3 baudd (a1 e Ak (e Vi 4008 adas 3k 47,
A cannon fires due north from a point on Earth. The shell lands east of the target because:

NENRE]
#la k) B AD aSia

8 5 il 23050 5% i )

Earth’s gravity is weaker in the east wind blows east
Dl A o N e s e 81 3858 de sy a0 d050)
the shell starts with a larger eastward speed
than ground farther north

PR PR W F]
the shell speeds up eastward by itself

B mSh juale) )52 (adl g 598 500 s 48,

Because of the Coriolis effect, large cyclones rotate:

il i g e ey el b Aol G e S0
counterclockwise in the northern and
clockwise in the southern hemisphere

Jada 233 Cpealll A deldl o Jlie s

without a preferred-direction counterclockwise in both hemispheres

) 3 Sl e L) e ae

clockwise in the northern hemisphere

0565810072 il o2 alls AN/
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ad 3l g adall (ALY Baa gl — ddada (pa SLSAN) Alil

Multiple-Choice Learning Outcomes — Unit 2: Impulse and Momentum

When a force acts on an object for a time interval At its momentum changes. Impulse is the product of the
average net force and the time interval, J = F At (N-s); it is a vector in the direction of the net force.
Momentum is p = mv (kg:m/s), a vector. Derivation: F=ma=m(v_f-v_i)/At,so FAt=mv_f-mv_i. The
impulse equals the change in momentum (impulse-momentum theorem), and F = Ap/At — Newton's second

el k) B Dy S

law in its general form.
sy NS S g ) = FAL Gl o dloand) 550 fasigin o jn Joola ga addll 4d ) ady At o) U35 pasn 358 350 Lic
FAt=m <y /At{v_f-v_i)F = ma=m G5 43 o skgm/siagp=my ¥y Aasd sl ool 830058
g g ) A Alal) Aiseall a5 F = Ap/OL s oad —pdall 45 k) i 3l (8 padll g gy addd v f-mvi

Worked example: a driver brakes; the average braking force is 5.0x10* N for 2.0 s. The impulse is ] = FAt =
5.0x10% x 2.0 = 1.0x10* N-s, opposite to the motion, and the car's momentum decreases by 1.0x10* kg-m/s.

& 2,055 5.0x10% N 80 5 ¢ o i (683 =S 30 Dy o gl S0

J=FAt=5.,0x10%x 2.0 = 1,0x10* N's D5 ) a3 5 pallyg A all olall Se 1,0x10% kg'm/s.
p=myv
J=FAt
J=Ap=m (Vi=Vj)
F=A4p /At
Common mistake: Confusing momentum (a state of motion) with impulse {the change in momentum); ignoring the sign
of the direction.

S8 S Juanly (a0 50 3 i) @l s (3S jadl Ala) pa 3 G BN it Uas

"0 A ¢ v R

“ D565810072 ol ol Al )
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Ay Ay A

Exam Questions

tad alie Aad N5 SN e §gal 3335 5 8L G pdaal) adal ¢S 49,

During a bat-ball collision the force on the ball rises to a maximum and then:

q
!
!

B s e s

keeps increasing stays constant

L2513 A s prieatd Jhall ) 3 a3

becomes negative forever falls back to zero

) e Juasd (F = ma) A (g (98 4S Salels 50,

Newton’s second law (F = ma) rewritten gives impulse as:

szAv. F+At=Ap. F/At=Ap. FAt=mAv=Ap-

M gal) pUBD) B adall Saa g 51,
The Sl unit of impulse is equivalent to:

kg:-m/s . kg-m/s? . J . N/s .

Al e e +15 Nes Wads AL (1-47 m/s 4815 Wie ju) 0.145 kg Y358 55 52,
A 0.145 kg ball (initial velocity -47 m/s; assumed, value illegible in the scan) receives an impulse
of +15 N:-s, Its final velocity is:

-150 m/s . +103 m/s . +56 m/s . -47 m/s .

fadie i peaa B pall gdal) 5% 53,
The impulse on an object is zero when:

" e ¥ v A

s uSs gl B s ALK S5
the force is large its mass is small
i pyd py d )y iy

it moves fast its momentum does not change

e 0565810072 @ il ) Al Akl
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Impulse can be found in three ways: (1) 1 = F At for a constant (or average) force; (2) ) = Ap = m(v_f - v_i)

from the change in momentum; (3) from a force-time graph, J equals the area under the curve (rectangle,
triangle, trapezoid, or counting squares). For a varying force, F At uses the average net force.

e e (3) 123 30 3 a3l e (v_F= v i) = Ap = m (2) i) ol s all )= F AL (1) 13k S0 adall eyl (S

Lo gin paiindh 5 il ally (e pall ey gl i apd gf S ) Jilan) (il aad Fabiad addl g gy i (g 5 g1
Alas sl

{
!
3

Varable colission force: impuise = srea under Curve

15000
Ny 12500
- » Z 10000
iw | o g 7500 4
L .
.. s ; < ] l
o 2400 1
o )“—. et 0 =
’h -15 =10 =-05 00 05 1.0 15
Force~time graphs Time (ms)

F aie casdaldl = ol 8 aias d
Variable force: impulée = area under the F—t curve

J=FAt
J=Ap=m(Vi— Vi)
J = area under the F—t graph

Common mistake: Forgetting to convert g and ms to kg and s; using the area under the graph with the wrong units.
Adbla Slaa ¢ el Cad Aaludl Uaa ’Sjkgu’,fﬂSng,'ﬂd-}J:é-:u

A LAy and
Exam Questions

TR (s gl A0 5 R Ala 3 59,

E

For a constant force, impulse equals:
|| FxAx. F+At. F/At. FxAt.
- 0565810072 g2 Al ANt/ -




Mr.Eslam Salem Eltwaah SSSSSSSSSsssssssSS Grade 11 - 2027-2026

1 (Gl — B gAl1) Aada Caad Aaleal) 55,
The area under a force—time graph represents:

38 ) A3 ie
kinetic energy velocity
s o
impulse position

q
!
:

Banall Aie pu 43S sladl B 45 Nes ds Al 2.0 m/s 48 e & 2 7,0 kg 455 o 56,
A 7.0 kg object moves at 2.0 m/s and receives a +5 N-s impulse in its direction of motion. Its new
speed is:

0.71m/s - 7.0m/s . 2.7 m/s . 2.0m/s .

Sl ey (3 Alaall) Ll -5 Nes b Ak auad) AL 23 57,
The same object then receives a -5 N-s impulse as well (Practice Problem 3). Its final velocity is:

2.7 m/s 0m/s

a3 i 2.0m/s

-20m/s .
2.0 m/s in the original direction

0om g S (Sas 6 ) § 5all 58,
For a varying force, the average impulse can be found from:

F—t inie ot Raliedl o 4 305yl x 3480 o gia
average force x time interval, or area under

e M x 358 puaill

maximum force x time

the F—t graph
Fot sk J Ao ju el x UK
the slope of the F—t graph mass x maximum speed

0565810072 @ —me ) Al
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A system is the group of objects we study. An isolated system has no net external force, and a closed system
neither gains nor loses mass. For an isolated closed system the total momentum is conserved: Zp _initial =
3Ip_final. In a collision the two objects exert equal and opposite forces for the same time, so what one gains
the other loses. Momentum is a vector: choose a positive direction first.
Pl iy A iz 35 g JA5 Y Bt Uty Alana Bin Ja 38 4 S5 Y Jypaddt pUadl Al ol 58 ¥ de gan sl
s o ) S8 (pfSlaia (5 e G e Chansall S pilacl) ol 3ny = Bp U T s sinn S i 30 5665 e g e
Miga a3 Y G a5 gAY aiy Laaasl 4
Collisions: elastic (momentum and kinetic energy conserved), inelastic (momentum conserved, kinetic energy
not), perfectly inelastic (objects stick, momentum conserved, maximum loss of kinetic energy). Recoil: a
system at rest has zero total momentum, so after a “explosion”m_Av A=-m Bv_B.
Si ] g p 30 kg Caneall p) Ly pal poe ol (i o I akad) g 3 (S o) A8 5 o 0 ) ) 3o 2L
M_AV_A=-m_Bv_B « iy sy 14 jia LSl a5 8Ll sl 1l Y (A8 el ikl

{
!
!

1) Bounce apart — betore a] Bounce apart — after
il wif wif
() Stick together — before (b) Stick together — aftes

v vil v_1 (commeon)
‘ s . —

P PR (B EPH)
Types of collisions: bounce apart and stick topt_h’or

Worked example 1: a 1875 kg car at 23 m/s hits from behind a 1025 kg car at 17 m/s and they stick:

‘el 17 m/s ds e 1025 kg L3 5 )y A (e padaidi 23 mfs Ao sy 1875 kg LS 6 j 11 JB

e ) 43 Al AN/
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Aaga Ol gy CABaa
Important Notes & Equations

_

MaVyi + M2V = My + mavef
mVy + mava = (M + ma) v_f (stick together)
0=mAvA+mBvB (recoil from rest)

q
!
:

|| Common mistake: Forgetting signs of velocities; assuming kinetic energy is conserved in every collision; applying the law
when a large external force acts.
Il S ia e syl dga g ae o plill Buda g sadleal S Ak ghae A8 pall ABUaD o lall g e ) Sl LD (e S0l Una
Ay Loay Auuy
Exam Questions

tlagly QUIALGAN (G gl (0 S aslial A 59,
In a collision between two balls, the forces they exert on each other are:

Jo s 8 e sl s a1 s 5 e
larger on the heavier ball equal in size, same direction
WL Uiullate g 17aka A% lidia o
equal in size, opposite in direction zero
10 Lasie Aagliial ad ) Bis; 60,
Momentum of a system is conserved when the system is:

(A5 ima) oo B J3) (o Al Ui g dalas LS ENrY VT I PR
closed with zero net external force (isolated) open with outside forces

accelerating any system at all

" e ¥ v A

L 0565810072

o 42 Al ANt/
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foail) A Allaa i poliadll aay (liuail s 61.
Two objects stick together after collision. Which equation is most appropriate?

MV + MaVai = (my + ma)v MaVai + MaVay = Myvif + mav,f
F=ma \3‘-\-1-30=m.v,+m,v.| i
€81 ey gl Gladlahy 25 ol e lidi 75 kg 5 50 kg el el i i) 62, é
_-1.,1..9.,5:\1. Jq;\«-u. 75kgzhs:u.-s.a. Sokgm's-nl-a. g
B
pad¥) s de jull ASlu 1.0 kg LAlS 4 ja aali 3.0 m/fs de e & 2T 2.0 kg el L e 63,

3.0m/s . 2.0m/s . 1.5m/s . 1.0m/s .

Al M5 ) e ju 8. 400 M/s. de e 0.010 kg L4l dala ; 4,0 kg Le3lS A 31l 64,

100 m/s . 10 m/s . 1.0m/s . 0.10m/s .

(Lol pladll) A3y yall poe pli pbaill 3 65,
G B PEE SN EUIN B 38 a4 Jasdy ) as 5 Bk
Loge 551 1ainy Y Laa 3 Luin

spdlaadll 2ay KN 4l 5 412 kg'm/s pleadll J8 SN 4 5 J g jaa oL 66,

24 kg'm/s . 12 kg'm/s . 6 kg-m/s . Sea .

tadleadll day Laadll 5 Ledloald slad¥) 8 lusSlaie g jlidadl B s sl Laalad j Gl 67,
Y i a3l i IS e B 5
spadl Sy ¥ JBY) paall o b IS oy

: |
S.
5
b
.lL 0565810072 @ —me ) Al
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From F = Ap/At, for the same change in momentum the average force is smaller when the time of the stop is
longer. Air bags, crumple zones, bending the knees on landing, and catching a ball with the hands moving
back all increase the stopping time and so reduce the force. A large impulse needs a large force acting for
long enough.
SN By sanll Blalia g A0 el S M i ) ay 015 LIS 8 Al e i 508 301 A At Sl e oF = Ap/At A8 s
LES Ul B S o pling el ahal LS 5 il ik (a8 g (5e g 58 LIS S0 LG e () Canaag s gl e

Worked example: a 1400 kg car moving at 15 m/s stops in 0.30 s against a pole: F = Ap/At = 1400 x 15 / 0.30
= 7.0x10* N. If an air bag extends the stopto 1.0 s: F= 2.1x10* N.

13 gans Lgalalaials 0,30 s A il 4T 15 m /s de s 1400 kg L35 5 s 1 gaa JU

F=Ap/At=1400x15/0.30=7.0x10* N o g (e 5 A0 el Bali gl 04 1315 1.0 s o8 F=2.1x10* N.
daga (il gl g ciBiadla
Important Notes & Equations

F=Ap /At (same Ap: larger At =smaller F)

Common mistake: Believing that an air bag reduces the impulse; it reduces the force by increasing the time (the impulse
is the same).

s gl sy 50503 5 S g Skl B A g Sk o 01 L

A LAY ALY
Exam Questions

2OV 8 A gial) 5 gall ¢y 985 A0 gl Bkaa gl e Zitla B gl il g5 68,
A driver stops in a crash. With an air bag the average force on the driver is smaller because:

el a8 g ey I adall

the stopping time is shorter the impulse is larger
tha drivarsiniss s aralll e stopping time is longer for t ‘e same
- impulse

l[———— 0 A ¢ R
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s bl de i 569,
You bend your knees when landing so that:

"

5. G i ) 5 s

. . 2 » v ‘
the stopping time is longer so the force is bl el oy

the momentum change is larger

smaller
S T a3y

you stop sooner the impulse increases

IE[E=D
el k) B Dy S

Tl (a3 e saas Gl 1 70,
Which application relies on increasing the time of impact?

Sasta 3 s 5 jaadl i lasi¥) il
Hammering a nail Crumple zone of a car
&.J—.J ‘J.\L.a' 4.;!‘)\5 1}).‘.
Bullet impact Karate chop

T L eyl A sl B gh JHiS 71,

An air bag also reduces injury because it:

oled i Ui ) gl

stops the car adds momentum

Y- E R Y- 3% sl 5

spreads the force over a larger area of the body increases the force

e ) G B ydea 58 (e S g e Jguaall 72,

To get a large impulse from a small force you must apply it:
G eald e 3l

for a very short time

SpS Ay
at a large angle

sl e

for a long time

Liii.bl,‘)-

only once

0565810072 il o2 alls AN/
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Angular momentum of a rotating body is L = lw (kg-m?/s). The angular impulse equals the change in angular
momentum, TAt = L f- L i. When no net external torque acts, L is constant, so changing the shape of the
body changes | and therefore w: a diver or skater who tucks in the arms and legs decreases | and spins faster;
extending them increases | and slows the spin.
pidl paadt i s TAt= L f= Ligall s 30 il g o) 30 @ddlly kgim?/s Saa s L= lw 3 muadl o) 311 a8 500
e o 338 | Jiy Adlasy e 3 acday g g il b udadl) 1) o ey | phg peind) 85 i G | iy ) o 180
A M de i i g | 3 Lasely 13l gyl 3l

Arms out: | large - w small Arms in: | small - w large

-8 -

W L T il
Skater: | decreases = increases

A student sitting on a free-turning stool has an initial moment of inertia of Ii = 2.25kg\ m2 and
rotates with an mitial angular velocity The student pulls the weights inward, causing the moment of
inertia to decrease to If = 1.80 kg\ m2. What is the final angular velocity in terms ?

oallall Callall A8 13 g 48100t Ay gl HAe ja il ) gaa Jen D jas el = 2,25 kg'm? (SIEY) (s ) seal 2 50 pues
Callall 138 & Ak il 400 5l LSl g gLy € A0 e ) A1V Agll 4y 30

" A ¢ R

2.25
Lw = Lwy = 220w = 180wy = wy :-1780(4 = 1.25w;
l‘l_ 0565810072 i g3 Al AN/
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L=lw
L=rpsind
li wi = Is Wy

Common mistake: Thinking that w stays constant when | changes; angular momentum (not w) is what is conserved.
w0 s g0 b ol o]k e 335 S g of B 1okl L

A lsay) AnLy)
Exam Questions

q
!
!

TS 133 pead 5 9030 a8 il 73,
The angular momentum of a rotating object is defined as:

L='la. L=Iw. L=tAt. L=mv.

o Al lgEe ey Wl ae el 3 Aad e aui 74,
A skater pulls her arms in. Her moment of inertia ___ and angular speed __.

Jas tala ala 38 iy
increases; decreases decreases; increases

3l 3 1G8 ig Ju sy
stays the same; increases decreases; decreases

(8 Sl et I ) gl e 54431 75,
To increase her moment of inertia the most, a person should:

o e Il fyed 3 s
bring the legs together pull the arms in

sl e Vo cped 53 e a1
stretch the arms far from the axis bend the knees

" e ¥ v A

sl A Sl s gl 30 a5l ) gl A A b aias 76,
A diver tucks in the air. Angular momentum is constant, so tucking:

Olosdl g s | Il sl (haslu

decreases | and speeds up rotation increases | and slows rotation
$ M Al Gl w Al

removes the angular momentum keeps w constant

«— 0565810072
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=

Conservation of angular momentum: for a closed system with no net external torque, li W; = lf Wy. Friction
or any external torque spoils the conservation. Applications: ice skating (spin starts with a push on the ice,
spin rate changes with arm position), diving, spinning tops and gyroscopes, which keep the direction of their
axis because their angular momentum is conserved.

IS p e ol D) sy e dind Jlayy ) W = bW 058 Jeana (2 S e ad i Y Blae plai gl a3 50 dada

Lailay 30 oSy pally il gally adaall g ((ped 3 pan g alsna iy lall iy ) pall L) all e 5300 st e
RTEIS EPESP N P TTORIEN i

{
!
:

An ice skater is spinning with an initial moment of inertia l; and an initial angular velocity w; If the
skater pulls her arms inward such that her moment of inertia is halved k= 0.5l;what happens to her
final angular velocity wy. and her rotational kinetic energy (Krot)?

Lo ) 53 ey ol 1) @ (Al (F1D ) g e gl AR A5 SR pe W e g 53 A 5 lall e dad i o jaT
A jall Btal 5 (), el 45 5) 3 gt pud Saaay LS ¢ = 0.5k aadll ) (S W ) gead 5 e aidl Suay Jalall
(Krotytsl 534

:(Conservation of Angular Momentum) ss'3% ad i Bia ]
1
Lw = Lwy —> Luw = (EL)WI = wy = 2w

:(Rotational Kinetic Energy) 4l sl 4 al Al 2
Ky =300 =5 (34) @a) =5 (35) W) =2 (352 = 2K

(030 30 aia s3c VSIS Sas il gl jiA) Gl oY Cilicluad 3K jall 28D o )

Li=Ls
li Wi = Iy Wy
Tnet At = AL

Common mistake: Applying the law while a friction torque or an external push acts.
o ph | iSia) e Sga g e gl el ta Uas

" e v YA
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Ay Ay Al
Exam Questions

_

(e s a8 N Bia ) 6B el 78, i
The law of conservation of angular momentum states: é-
lw=t lhw, = l;w, when net external torque is zero -45
lw = 0 always |w increases with time 3
Iy
Tt AU (5 9130 p8 30 Ban g 79,

The SI unit of angular momentum is:

kg-m’/s . N-m . kg-m? . kg:m/s .

gt Al 590 3 adall 5 gl 80,
Angular impulse equals the change in:

S0 a3l AUyl 5 50
angular momentum moment of inertia
Lk 3 ) 31 Ayl G guia gl

angular speed only angular position

(N Aad Ol 1hea 3 e Jle Juanall A AN el (S 13 81,
If the net external torque on a rotating object is zero, its angular momentum:

Jiy sy

decreases increases
ies ey s
becomes zero remains constant

L G Ry A g de ) el 13) 82,
If the angular speed doubles while | stays the same, L:

Ciall) e Ll
halves doubles

S Gyl e Prh
quadruples is unchanged

) 42 Al A/

0565810072
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Alial) ALY @)l aladl) cla A

Free-Response Learning Outcomes

W = AB/Ats AB ciu i 117-1 alxdll 7 A
Learning Outcome 17-1: Define A8; w = AB/At

.,Qh_“ CJ,:J\

Explanation

Free-response outcome: the explanation is given under Learning Outcome 1 above; the key equations are
repeated here.

A Al ol ) STy edtel 1 ket i s pe e S 2 A
A6 = w At
w=A0/At

x=r0

A LAY Al

Exam Questions

D cleldl e (g) G G e () s wie (1) £1.00 h S dela o jie J9 4 3 dal Y L 83,
A gina o8]
What is the angular displacement of each hand of a clock in 1.00 h? (a) second hand (b) minute

hand (c) hour hand. Three significant digits.

0B G (g) G e () Slelud) e (i) 2 Ligi 3l Aa1Y) L (el oL 5 5 84,
A movie lasts 2 h. What is the angular displacement of (a) the hour hand (b) the minute hand (c)
the second hand?

" A ¥ v (R

el k) A ADl (aSia

e

% 0565810072 62} aae ahaal/i 3
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e e Lo () €3 miin o gl 30 a3 L (1) AR JS ALl G jie (e ALALS 5 g0 305 Jik s je (38 4l 85,
b Sl o i g (5 91 g s JA (i g 131 () Srad/min Ban dug) 0

A toy above a crib makes one complete counterclockwise rotation in 1 min. (a) Angular
displacement in 3 min? (b) Angular velocity in rad/min? (c) If it is turned off, is its angular
acceleration positive or negative? Explain.

Free-response outcome: the explanation is given under Learning Outcome 6 above; the key equations are
repeated here.

M Ll ot gl S5y e3el 6 et £ A B s gn ge il 1 i el 7 A
t=Frsind
IF=0 Jr=0

A Lsay A
Exam Questions

g3 b L (1) .oadall e 60.0° 4y s el 25 cm Algh rlika 213850 35 Nem s 4 gala 35 i 86,
SRl e U gas & 5 13 La U0 5 Rl La () $Aa IO 5 gRl) La g § gl

A bolt must be tightened with a torque of 35 N-m using a 25 cm wrench pulled at 60.0° to the
handle. (a) How long is the lever arm and what force is needed? (PP11) What force is needed if it
is applied perpendicular to the wrench?

O e ¢ A
2,
2. SO
-5

-k..- -

T 0565810072 s W43 R DV
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%3300 55 £1,3 Jba Lab (135 N LISy iSas 5 8 i clSy A gabia 5531 55,0 Nom o8 30 131 87,
If a torque of 55.0 N-m is required to turn a bolt and the largest force you can exert is 135 N, how
long a lever arm must you use?

el ikl B Dy aSa

B () Suaiall pa dug)) sl b 232 N Sk (1) .32.4 Nem L e b () s 0,234 m 4)sh rGia 88,
Yigg) ) sl L 1275 N Ji pobiiens

A 0.234 m wrench must give 32.4 N-m. (a) With a force of 232 N, what is the smallest angle with
respect to the handle? (b) A friend can exert 275 N: smallest angle?

Sl L i JS e 08 18 om 2y AR (358 35° Al i) Jaad Aa s Al gs e (65 kg <) il 89,
(8 =9.8 m/s?) T4 S5

You (mass 65 kg) stand on a bicycle pedal. The pedal makes 35° above the horizontal and is 18 cm
from the chain-ring centre. What torque do you exert? (g = 9.8 m/s?)

£

ALS Jani) €50 ) Al pudg i (ul 175 m sk Aasa i e o ) (43 kg) At g (56 kg) b S 4 5 90,
{cst

Kariann (56 kg) and Aysha (43 kg) want to balance on a 1.75 m seesaw. Where should the pivot
be? (Seesaw is massless.)

O e ¢

v, a
"'—"_.|

Fy 1\- L

e 0565810072 e Al W —2J
S r——e—— R e




" A ¥ R

i AMr Fslam Salem Eltwaab

Grade 11 - 2027-2026

0.23 Auli 1.1 cmys A Alull 4,5 cm BN Ciaal) bl Gdld 00 S e Gl Gliles (Sl 4456 Ul 91,
?Ai.t..ni.\:su,(‘}.:nqiuskg

Two stationary baskets of fruit hang from strings on pulleys of different diameters (radii 4.5 cm

for basket A and 1.1 cm for the 0.23 kg basket, read from the figure). What is the mass of basket

A?

8. Two stationary baskets of rult hang from strings
on pulieys of different ameters, as shown in
Figure 0. Wiat i the mass of Dasket A7

ikl o8 0,15 m s B 5 okl i e 0.60 m 2w A fgsles e 3G 1,80 m 4k 5.8 kg 43S alu 92,
(8 =9.8) fdala JS L Jis: A il La | AY)

A 5.8 kg, 1.80 m ladder rests on two sawhorses: A is 0.60 m from one end and B is 0.15 m from
the other end. What force does each sawhorse exert? (g = 9.8 m/s?)

1.80 m 0.15 m

Seom PET AL ¢

AR

Fa F
a— { { P
lp’m
y—n
it i

‘e

9

Ans of rotahon
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0.45 m ) B Jalall (e ikl (£ 0,30 m ) A Jaladl e jis 1,92 m 415k 7.3 kg 435S alu 93,

(3) Aol pilg F_g AN F_A (€) s 0N tan () paad (1) ANSH S 50 sie ) gnall (coall il o
ALK 3S e B A s i .

A 7.3 kg ladder 1.92 m long rests on sawhorse A (0.30 m from the left end) and B (0.45 m from the

right end). Axis at the centre of mass. (a) torques (b) rotational equilibrium equation (c) F_A in i
terms of F_g and numerical forces (d) effect of moving A close to the centre of mass. §
-s
3

40, CHALLENGE A 85-kg diver walks to the end of
a diving board. The board, which is 3.5 m long
with a mass of M kg, is supported at the center of
mass of the board and at one end. What are the

forces on the two supports?

Fgue 20 | 192m )
! 0.30m 086 m 0S5t Qem !
| ’ ; ’ ]

e L v—
A 8

OUsl L oyl ol s AN 55 pibun ¢ U1 S ja iad Labaal 1oBlala 41 24 kg 4SS5 4.5 m sk 228 ¢ 51 94,
ToSlalall lagy g

A 4.5 m wooden plank with a 24 kg mass has two supports: one directly under the centre of the
board and the other at one end. What forces do the supports exert?

e Ak sai die g 43KS 3S e e ageta (14 kg 4SS5 3.5 m Al gubd ol i b sie Gl 85 kg 4GS kel 95,
S — 38 Allaal) JS2 A juiaall A g gdaall JEA ¢ Al Gl die ekl 1a) Y1) Soatal) e o sl
(A

An 85 kg diver stands at the end of a 3.5 m, 14 kg diving board supported at its centre of mass and

at one end. What are the forces on the two supports? (Assumed layout: diver at the free end;
figure printed in the source is that of PP38 — see report.)

£

O e ¢

40. CHALLENGE A 85-kg diver walks to the and of
2 diving board, The board, which is 3.5 m long
with & mass of 14 kg, is supported at the center of
mass of the bosrd and at one end. What are the
forces on the two supports?

Fgure 20 18m I
'0¥n 056n iSlm 8= !

‘-x'-r- . _.r '

Ve 0565810072 LR o — |
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Free-response outcome: the explanation is given under Learning Outcome 7 above; the key equations are
repeated here.

L Bl ot gl S5y el 7 et 2 i B a g ge il 1 el 2 A
It=la
hoop MR? - solid cylinder 2MR? - solid sphere %MR? - rod (1/12)ML? / (1/3)ML*

1
i
3

g LAy AuLy
Exam Questions

dsilaia Ldia 5 S (g) Aaibaie Adia Al gl () Aad ) Adla (1) 2 AN gudlil) 230 caal 2 Jgaad) aladiud 96,
1.0 kg 43585 2,0 m L4e JS el i

Using Table 2, calculate the moment of inertia of (a) a thin hoop (b) a solid uniform cylinder (c) a
solid uniform sphere, each of radius 2.0 m and mass 1.0 kg.

Leww 3 Mosserey of e i vasoce ORyects

Trew Ny - - e aTe tovem

S vt b AR C Pyt e

[ e -

D
(ehes mbue o aetee P e é ({h
=
.._

e e i ol ey e

e e e

oo o T mmpe | W glerees

8.0 () Jual 0 21 L sSaall (a5 La 53 J g 0155300 5 A (0.44 m L kb (15 kg) Al A5V ¢ Alae 97,
AN e s L 11315 500 L () S50 20 e (1) 15 s A rev/s

A solid steel wheel (15 kg, diameter 0.44 m) is free to rotate about its central axis; it starts at rest.
It must reach 8.0 rev/s in 15 s. (a) What torque must be applied? (b) If applied by a strap on the
rim, what force?

" e ¢ YA

-‘_ 0565810072 @ - W) Al D
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i i (2.5 kg 435S 5 0,180 m o k) siual o B pe Anddi jgaall e Culla 0,26 kgem? 058 2 6 2 98,
2.57 rad/s?. Uyl & jd 4 ganall plae da 301 5 gkl 33 5) | ¥l o jill g cigile

A disk with | = 0.26 kg-m?* is mounted on the same axle as a smaller disk (diameter 0.180 m, mass
2.5 kg). A strap around the smaller disk is pulled. Find the force needed to give the system a = 2.57
rad/s*.

30. CHALLENGE A cine wiin a momwnt of inerlia
of 226 bgm' 15 attached 1o 2 smafey Sk
mounted on the same axvie The smaiter disk han
o Sureter of Q180 m and e mesx of 2.5 Wy,

A 3380 b wreoped Around the wnater dink
" om0 Figure . Find the force needns
10 grve Bhia system an saguier acceler stn of
257 redty*

el k) B D S

5580 L () a3 a5 La (1) .35 s A 12 rev/s ) Jea O s ASLa (0,55 m Wk (5,2 kg) dula Alas 99,
$AHAY Jga (Ll e i 1Y

A solid wheel (5.2 kg, diameter 0.55 m) at rest must reach 12 rev/s in 35 s. (a) What torque must
be applied? (b) If a nylon strap is wrapped round the outside, what force?

F o=

Figure 15

055m

14.0 rev/min () 0 (4 3830 48 2235 13,0 N 558 o (0,150 m W kb ciuas) 5,8 Jgs <isila s 100,
TN gl e e 4,50 s A

A rope wrapped around a pulley (radius 0.150 m) is pulled with 13.0 N. The pulley speeds from 0
to 14.0 rev/min in 4.50 s. What is its moment of inertia?

"0 A ¢ v R

e 0565810072 i 42 Al AN/ ———————7
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A iy Anu

Exam Questions

$9 gal ) 3 gl Lpasd pual 23,05 P8 CigS (1 = 0,50 kgem?). A8 35 ,512,5 Jmas Aad e 455101,
o bugiay sy adally

An ice-skater spins at 2.5 rotations per second (I = 0.50 kg-m?). She slows to a stop in 3.0 s by
dragging a toe. Find her angular momentum, the angular impulse, and the average torque.

el bl B DL S

2.3x10"" Uau gia Laje SN b5 5,0x10° rpm (I = 8.0x1072 kg-m?). U35 0,25 m A ki jLiia 5 ik 102,
fi gill liad A 5S Nem,

A 0.25 m diameter saw blade rotates at 5.0x10? rpm (I = 8.0x10"* kg-m?). Friction gives an average
torque of 2.3x10™" N-m. How many seconds to stop?

42 pdl 25 | = 8.0x107° kg'm?. 10.15 s 4sa ) (3455 16,.0x10% rpm sok 495 Adiaia § S oY a2 103
2 B gia g s KU ) 3

A pitcher throws a curve ball rotating about 6.0x10? rpm; the throw lasts 0.15 s; | = 8.0x107*
kg-m?, Find the ball’s angular velocity and the average torque exerted.

" A ¢ YR

Te 9130 Aadjla 1 rad/s. s ) A8 pas 50 2 kgem? A 0 5l 550 A 104,
A body of moment of inertia 2 kg-m? rotates at 1 rad/s. What is its angular momentum?

e | 1 T Uy — )
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Free-response outcome: the explanation is given under Learning Outcome 11 above; the key equations are
repeated here.

s Tl ot @ S8 oodtel 11 Al g jde o e 2 5 1Ml et 7 5
p=mv
J=FAt=Ap

el bl B DL S

LAy Any
Exam Questions

plabaals (£) 3.8's DA 52 (<) 215 DA 3 (1) i 55 94 km/h (26 m/s) 48 s 2200 kg Y258 48 44 105,
Al JS 35 i) hagia g pdall g ad 30 2251 10,22 5 S laa

A 2200 kg vehicle at 94 km/h (26 m/s) stops (a) gently in 21 s, (b) hard in 3.8 5, (c) in 0.22 s hitting
a wall. Find its momentum, the impulse, and the average force in each case.

A5 W 2175 kg WS 5 b () Lgad 3 aa gl (1) 855 115 km/h A8 s juas 725 kg WSKS § a5 s 106,
e jou Lo Al

A 725 kg compact car moves at 115 km/h east. (a) Find its momentum. (b) A 2175 kg car has the
same momentum: what is its velocity?

" A ¢ YR

fad 0 B ,ad La (15.0%10° N. (A gia 358 58 2.0 s 5aal geilSall (NUM-34) 5 sl 5 jundd) 3l by 107.
el g Ao iy 2l M1 L ()

The driver of the compact car (NUM-34) brakes for 2.0 s, giving an average force of 5.0x10* N. (a)
Change in momentum? (b) Momentum and velocity afterwards?

e | 1 T Uy — )
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Bagia () Sada) /a8 50 A i () .60.0 s SIS 28.0 m/s ) 6.00 (4 240.0 kg W4-5S i 4 e £ s 108,
o5 i)

A 240.0 kg snowmobile is accelerated from 6.00 to 28.0 m/s over 60.0 s. (a) Change in momentum
/ impulse? (b) Average force?

38.0 A& s (uSlaall oA B o a5 o i 09 26.0 M /s 48 e Ukl Cili5 0,174 kg RIS J 558 goe 55 109,
10.80 M (eadall st 13) 5 5il) o g () @ () o330 B LA (im/s. (

A 0.174 kg softball is pitched horizontally at 26.0 m/s and after being hit moves in the opposite
direction at 38.0 m/s. (a) Change in momentum (b) impulse (c) average force if contact lasts 0.80
ms.

BoillLa 0.1 Bl (34 A8 peall (gl 255 o3 4adB 4 ) 35 10 m/s 48 s )23 0.2 kg WA5S 5 S pshea 110,
T g S A

A 0.2 kg ball hits a wall at 10 m/s at a right angle and rebounds at the same speed. Contact time
0.1 s. What force does the wall exert on the ball?

ALl 3 adall el 20 Mfs. 48 e oS G 55 30 M /s A8 ews issa Ml aakaai 0,2 kg YAES Abikaa 3 S 111,
B AU Cs )

A 0.2 kg rubber ball strikes the pavement at 30 m/s and rebounds upward at 20 m/s. Calculate
the impulse the pavement exerts on the ball.

Mr.Eslam Salem Fltwaab Grade 11 - 2027-2026 SSS————==

slulll B ADy LSl ST

»

3 |
S f
| f4ad j jldka e 4000 ) S ) 45 80 kg 435S ¢l 112,

| A runner of mass 80 kg has kinetic energy 4000 J. What is the momentum?

|

e 0565810072 il 45 Al aShsl/ - )
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Free-response outcome: the explanation is given under Learning Outcome 13 above; the key equations are
repeated here.

s Tl ot @ S8 codtel 13 Al g jde o ez 1Ml et 7 5
Ip_i=Xp_f

My + MaVz = My’ + mavs'

1
g
3

g LAy AuLy
Exam Questions

(Al sla3Y) ladl e 17 m/s 48 e 1025 kg 3 s <RI (s axhat 23 mfs 48 e 1875 kg 5k 113,
AS flall Lage g 22 g)  Chanili

A 1875 kg car at 23 m/s rear-ends a 1025 kg car at 17 m/s (same direction, on ice); they stick. Find
their common speed.

Ay Lo 84 Kg (eteeall g 21 U S ALSH 875 m/s. 48 jeas W) (4 35 g hihs Ldesa (3l (5L pluad 231 114,
SAalas) g 21 )

An astronaut at rest fires a pistol expelling 35 g of gas at 875 m/s. Combined mass of astronaut
and pistol = 84 kg. How fast and in what direction does the astronaut move?

" e ¢ YA

-Lc_ 0565810072 @ - W) Al D
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’ Le A0Sl 5 AY1 5 2.2 /s 48 jeu & A% Ladlaa) tobaail g Glaskual 3,0x10° kg Laga JS ALS (ki Gs £ 115,
' (Otas ad) = da glaiall) T4 A2 yudl)
Two freight cars of mass 3.0x10° kg collide and stick; one moves at 2.2 m/s and the other is at

rest. Final speed? (system = both cars)

Ao gliiall) TR L S pur sl (Sl 75 kg 435S a3 s kil 24 m/s A2 e 0,105 kg 43S S 02 116,
[ (wesad + o il =
| A 0.105 kg hockey puck at 24 m/s is caught by a 75 kg goalie at rest. With what speed do they
| slide? (system = puck + goalie)

S el k) A AD Sl

5 512.0 m/s. 48 jues aStaal) sla) 3 & 235 1,00 kg 58: e athaes 6,0 m/s 42 s 0,50 kg 5.5 117.
AL 5 5 AV 5 Ao ju a5l 14 m/fs. A8y ClAN 0,50 kg 5

A 0.50 kg ball at 6.0 m/s collides head-on with a 1.00 kg ball moving in the opposite direction at
| 12.0 m/s. The 0.50 kg ball bounces backward at 14 m/s. Find the other ball’s speed and direction. '

' T 3y g al) Ao e 625 /s, A e (355l 3581 (54 50.0 g < 4,00 kg 4SS 2355 F 5 e 118, |
(5154 Raglia g Audall Jari)

J A 4.00 kg model rocket expels 50.0 g of burned fuel at 625 m/s. What is the rocket’s velocity

afterwards? (ignore gravity and air resistance)

A e 1.5 kg A al) S 13 (s )l Ja ghuas i gy 4B s e 4.5 kg e 1.5 kg Aep ks bl 119,
4.5 kg 4l A2 jula L) 933 27 cm/s

] A thread connects a 1.5 kg cart and a 4.5 kg cart; when burned, a compressed spring pushes them

apart giving the 1.5 kg cart 27 cm/s to the left. Velocity of the 4.5 kg cart?

e 0565810072 o 4331 s ahaal/l app— |
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7.

4a gl Ya g Oladal Ugia 22,0 m/s 48 s 1400 kg s Yiad 20.0 m/s 48y 1200 kg LailS 0 jlue 120,
flaghladl s Lagie joe L (laniliy

Two cars, 1200 kg at 20.0 m/s north and 1400 kg at 22.0 m/s south, collide head-on and stick. Find
their speed and direction.

5349 27000 kg-m/s & B p3 aslalll 3 (5000 kg) B AiShw Aially a3kl 5,0 m/s) <6000 kg) A 4ials 121,
2l 3 A A iy B e 550l hagiag B pdag ISV A 53 2290 0.60 s paladl
Truck A (6000 kg, 5.0 m/s) hits stationary truck B (5000 kg). After the collision B’s momentum is

27000 kg-m/s, collision time 0.60 s. Find A’s initial momentum, the impulse on B, the average
force on B, and A’s speed after.

A aagl 4x s 3 1,2x10% m/s 4 e Lddl 50,0 kg W3S Al 3lhy 2,0x10° kg ASLS (St adas 122,
L83 315 ) Ae pu g AdIR

A 2.0x10°* kg stationary cannon fires a 50.0 kg shell horizontally at 1.2x10* m/s (+x). Find the
momentum of the shell and the recoil speed of the cannon.

$AELL) 315 ) 4y La 300 Ms. A2 e 0.010 kg YIS Aalia; (3lki M = 4 kg 4akiS 4.l 123,
A rifle of mass M = 4 kg fires a 0.010 kg bullet at 300 m/s. What is the rifle’s recoil speed?

B=+1.0 sA=-2.0m/s*x B=-3.0m/s 5 A=+2.0 m/s patuaill J8 :0.50 kg Lagsa JS 4LS (/U S 124,
A0 Bl (e (385 m s,

Two balls of mass 0.50 kg: before collision A = +2.0 m/s, B = -3.0 m/s; after: A= -2.0 m/s, B= +1.0
m/s. Verify conservation of momentum.

e yu 3351 $10.0 M/s 48 e 5 piuall & jadid 1,0 kg A8t 5 S0 pakeal 10.0 m/s 4= e 5.0 kg 55 (1) 125.
AV A jue 2350 41,2 m /s Ao e & 2558 2,0 kg AStus Ay 2y adkandl 2,0 Ms A8 e 1.0 kg L e () L5 a8
(a) A 5.0 kg ball at 10.0 m/s hits a stationary 1.0 kg ball, which moves off at 10.0 m/s; find the big
ball’s speed. (b) A 1.0 kg cart at 2.0 m/s hits a stationary 2.0 kg cart that moves at 1.2 m/s; find

Grade 11 - 2027-2026 =1

the first cart’s velocity.

el ikl B Dy aSa

e
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