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g=9.8ms™2- 1 revolution = 360° = 21t rad
1 minute =60 s - 1 Hz = 1 revolution per second
Counterclockwise positive - Clockwise negative

Impulse: N's =kg m s™ - Angular impulse: Nm s = kg m2s™

Use constants provided in the question when different. Use signed velocities and torques; assume negligible external impulse
only where stated.

Scope: supplied 11A_Haykal.pdf, Term 1 2026—2027. Textbook printed pages 3—24 and 30-47. Each exam question has its own
outcomes and ten practice questions.
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EXAM QUESTION 01 - QUICK REVISION
Radians & Angle Conversion

L3l Jag=xis sl

Learning Outcomes qls:l xilgs

1. Define a radian; convert degrees to radians and vice obalyle aile sl o sesadly Ll Il Cay yes
versa.

Quick Notes .l doMs

One radian subtends an arc equal to the radius. A full turn 5yl yladll b coluw dglo Lug8 Jolas dygly oyLalyl
's 3607 = 2m rad. .2n rad = °360 (S|

T ey 190
,g—o, 9() = G(Yad) X —

6= % 8(rad) = 6(°) x

10 Practice Questions

1.1 Define one radian using a circle.

Byl alascaly olalyl B3e

1.2 An arc is 0.40 m long on a circle of radius 0.40 m. Find the angle in radians.
ol dgol Il axol .M 0.40 laykad o 5x3ls 5 M 0.40 dgbs a8

1.3 Convert 60° to radians.
obsly J1°60 3>
1.4 Convert 225° to radians.
obsly 1 °225 Jo>

1.5 Convert 3Tn rad to degrees.
3t
sl rad > Jo>

1.6 Convert 2.50 rad to degrees.
wlxys Jlrad 250 Jg>

1.7 A wheel turns 1.75 revolutions counterclockwise. Express its angular displacement in degrees and radians.
bl ols b dglil s3] e yie deludl wylie yuSle 8390 1,75 dloxe youd

1.8 Convert a clockwise displacement of 120° to signed radians. Take counterclockwise as positive.
Lzge deludl Ojlie uSe jlael iplaly obaly ] deludl olie 2o ©120 &13] J3>

1.9 An angle of 41t rad is reported as 360°. Correct the conversion.
Jeoodl xowe 2360 Jl4mrad dgly edgs

1.10 Two circles subtend the same 1 rad angle. One radius is twice the other. Compare their arc lengths.
g8l Jobs 418 .épﬂl oo laalas] yhd aaig rad 1 lgwas dgl3)l oUyls Jolas

EXAM QUESTION 01 - ANSWERS

0506428618 3 393kl aaxl 3Lzl



Radians & Angle Conversion

1.1 It is the central angle subtending an arc whose length equals the circle’s radius.
Bl e aal golug dlgbo Lags blay dl 435 sall 59131 g

129=—"m=,)’0d
T T

130 = 60 x 730 —?md
TT ST

1.40 =228 730 7 rad

150 = S8« 130 _ 590

2
1.69=2.50x,870=193.2°

1.7A8 = .75 x 360° = +630°
AB = .75 x 211 = +3.57 rad

T 21
1.8A8 = —120 x %0 - 3 rad
1.9 47T x IS’TO = 720° = 2 revolutions

1.10 Since s = rB, the larger circle’s arc is twice as long. The radian angle is unchanged.
Lawds oLl Jb dogl3ll dde 33 cans 5 SYI 85Il wgdd S =10 Y

0506428618 4 393kl aaxl 3Lzl



EXAM QUESTION 02 - QUICK REVISION
Linear & Angular Velocity

dglillg ddasdl de yudl

Learning Outcomes qls:l xilgs

1. Relate linear velocity v to angular velocity w and so5a e T asdlg W &glil deyudb V ddasdl de yudl by y
distance r from the rotation axis. olyoall

Quick Notes 7l doMs

Tangential speed is v = rw, with w in rad s™. Velocity is ool a5l U Lol 0 Cos V= TW dwlaall de yudl
tangent to the circular path. ~g$)-"'-d|)‘ ) olas deyl
vV =rw

v v
W= —;r=—

r w

10 Practice Questions

2.1 What is the direction of linear velocity at a point on a rotating rim?
$3los pus B> e dhndd ddasdl de sl ool Lo

2.2 A point is 0.20 m from the axis and rotates at 6.0 rad s™. Find its speed.
Adasdl e g .x>9i rads*6.0 dugly deyuss 3939 yomall e 0.20 dags e

2.3 Arim point moves at 3.0 m s™* on a wheel of radius 0.50 m. Find w.
W a9l .M 0.50 dlosll yhad anig M 71 3.0 ey dlone d8ls Lo dlasy o yoi

2.4 A point has speed 2.4 m s when w = 8.0 rad s™. Find its distance from the axis.
ool e sy asol .0 = 8.0rad $71 Lewie M ST 2.4 dhaiii de yus

2.5 A disk rotates at 120 rpm. Find the speed of a point 0.15 m from its axis.
29>l e M 0.15 and dads de yun sool a8l 28395 120 deyuns (o038 youu

2.6 Points A and B are at radii 0.10 m and 0.40 m on one rotating disk. Find %

2.7 What is the linear speed of a point exactly on a fixed rotation axis?
Tl ng.\ 39> Q_Lc‘ Lalas 245 dadd ddasdl de yudl b

2.8 The angular speed doubles while a point’s radius halves. How does its linear speed change?
Saglasl g oo 505 &S ol ] o 4o b Jips I3l deyud] chelins

2.9 A0.30 m wheel rim travels 12 m in 4.0 s at constant speed. Find v and w.
Wo Vangl aulideyun $4.0 M3 m 12 @lus M 0.30 Loyl b dle @l> Lo dlads plads

2.10 A student uses 90° s™ directly in v = rw for r = 0.40 m. Find the correct speed.
ovoall deyudl s T =040 M baie V=TW 387 °90 d0dll 0 oye 8yalo b ooc

0506428618 5 393kl aaxl 3Lzl



EXAM QUESTION 02 - ANSWERS
Linear & Angular Velocity

2.1 Tangent to the circular path and perpendicular to the radius at that point.

22v=rw =020 x 6.0 =120 m s™'

Y }
23 W = m = 6.0 md S

_ 24 _
24 r = W =030 wm

- 27-( —_ =
25(&)',20xw =47 radS

v=20I5Sx4qmwT =188 ms’’

2.7 2ero: its distance from the axis is zero, so v = rey = 0.
V=rwW =0 @ pog pao yoall e ooy (N a0
2.8 It is unchanged: the two factors in v = rw cancel.
Jolem V=rw Lo lalell 436 oY ey

—_ ’2 -— =1
29v = W =30wms
R )
w = W =10 rad s
— T _ 7 -
210w = 90 x 730 3 rad s

v = 0.40 x g = 0628 m s

0506428618 6 393kl aaxl 3Lzl



EXAM QUESTION 03 - QUICK REVISION
Tangential & Angular Acceleration

Learning Outcomes qls:l xilgs

1. Relate linear tangential acceleration a to angular Baig A ol ¢ slucdl @ wlaall Jasdl ¢ ylucdl by y
acceleration a and radius r. T bl

Quick Notes 7l doMs

a; = ra changes speed. Radial acceleration changes ¢ slucdly e yudl jlada yu2y @t = TA wlaall ¢ ylucd]
direction and may exist even when o = 0. 0= 0 losie am gy 1B L@in ey ¢3Sall
ar = ra
= AN v ar = v = rw?
At r

10 Practice Questions

3.1 What does tangential acceleration change: speed or direction around the circle?
§835131 Jo Lgaladil Pi de sl ylada 1 swlaall ¢ slucdl yioy 13la

3.2 Apointatr =0.25m has a = 4.0 rad s™2. Find a:.
Jd¢ ..\:>;9i rads 240 <ol e ylwdo T = 0.25 M sie dlniis

3.3Atr=0.40m,a;=1.2ms=2 Find a.
Aasgl.a=1.2ms2 4551 =0.40m sc

3.4 A rotating point has a; = 2.0 m s2 when a = 5.0 rad s2. Find r.
T asgl.0=50rad s72 lonic ar = 2.0 M 572 8l gs daiis

3.5 Awheel changes from 2 to 14 rad s™* in 3 s. Find its average o and a; at r = 0.20 m.
=020 M sic Aty A brsgio a9l .83 s rad 7114 JI 2 o dloe de gy 1425

3.6 A disk slows from +10 to +4 rad s™ in 2 s. Find signed a and a; at r = 0.50 m.
T =0.50 M sie lagsylal g A asgl .82 JMsrad s714+ I 10+ o o8 Uolay

3.7 Two points on a rigid disk have radii r and 3r. Compare their angular and tangential accelerations.
enlaally ool Wl lagee sl o518 3rgr glaed Clo 38 e lidass

3.8 A wheel rotates at constant nonzero angular speed. Is every component of acceleration zero?
Shao golud gylucdl OlSye guaxr Jo dsdo e a0l dygl) deyun dlone youd

3.9 Apoint at r = 0.30 m starts from rest with constant a = 2.0 rad s™. Find its speed after 5.0 s.
8 5.0 uay lgie s ax gl rad $72 2.0 culi gol ¢ slucy oyoSdl o T'=0.30 M e dlasi g

0506428618 7 393kl aaxl 3Lzl



3.10 At an instant r = 0.50 m, w = 4.0 rad s and a = 3.0 rad s™2. Find tangential and radial accelerations
separately.

Sle 5 ¢3S 5ally wlaall ppueslucdl sl .a=3.0Tad 5729 w =4.01ad S7'o T = 0.50 T dxmn das) vic

0>

EXAM QUESTION 03 - ANSWERS

Tangential & Angular Acceleration

3.1 It changes the speed; the radial component changes the velocity direction.
eyl olodil yiud 4038 sl &S yall Lo tde yudl jlada i

32a:=ra =025 x40 =10 m s?

330 = 0,—50 = 3.0 rad s?
34r = % =040 m

350 = ’q; = 4 rad s?
ac = 0.20 x § = 0.80 m s7?
360 = Q;IO = -3 rad s7?

ar = 0.50(-3) = =1.5 m s2

3.7 Their angular accelerations are equal; the outer point has three times the tangential
acceleration.

AT Jlaal BV eslaall o5l bl 5Lusg (laslucia sl leale s
3.8 No. Tangential acceleration is zero, but off-axis points have inward radial acceleration.
S0 92 635 50 5L L) sommall e Bl bladl o) pao ualaall g yLucl o)

39w =0+ at =10 rad s
v=rw=2030x10=30wms"'

310 a: = ra = 1. m s72
ar = rw? = 050 x §*2 = 8.0 m s2

0506428618 8 393kl aaxl 3Lzl



EXAM QUESTION 04 - QUICK REVISION
Frequency & Rotational Variables

ool el yiag syl

Learning Outcomes qls:l xilgs
1. Define angular frequency and relate f to w. W dugl il deyudb £ anydl byyg ol 3l saydl cayys

2. Solve problems involving rotational variables. Aol & yodl wlysia Jilia >

Quick Notes 7l doMs

Frequency counts revolutions per second; angular bLall sae gol il saydly cdsldl 8 wilyoudl sae 3oyl

frequency counts radians per second. T is time for one "5_\}' 3v0s ot T § Ul el dslal

revolution. Baxlg B398 pe) T gygll 3l a5UN B
! N

(A)=27T7C;7L‘=T=T;A9=2T(N

10 Practice Questions
4.1 Distinguish frequency and angular frequency, including their units.
lasoll 5S3 20 gol M s ydlg 3oyl (o 320

4.2 A rotor makes 15 revolutions in 3.0 s. Find f and w.

Wy f.\:>9| .$3.0 & 3593 15 4lgs Loy

4.3 Afan operates at 3.0 Hz. Find its period.
393l lgioy a0l HZ 3.0 55y d> g0 Jass

4.4 A wheel has angular frequency 81 rad s™. Find f and T.
Tofasol .8mrad s dlss) golill saydl

4.5 Convert 1800 rpm to Hz and rad s™.
.-rad 8_19 Hz )| 443841 u—g 85931800 Jg>

4.6 Arotor has period 0.20 s. How many revolutions does it complete in 12 s?
$812 Iz @i 893 @S .S 0.20 ylga) gy9l a3l

4.7 How long does a rotor at 2.5 Hz take to turn through 20Tt rad?
2071 rad dgly youd HZ 2.5 suyiy 530§k oS

4.8 A wheel has radius 0.10 m and frequency 5 Hz. Find the rim speed.
L8851 deyus an ol JHZ 5 lassyio M 0.10 dloe yhd (ans

4.9 A period is reduced to one quarter of its original value. How do f and w change?

4.10 Arotor turns at 6 rad s™* for 10 s. Find its angular displacement and number of revolutions.

Olygudl sacg duglyl A3 .A..}-gi S10ssrads™6 de youy @ 398y

EXAM QUESTION 04 - ANSWERS

0506428618 9 393kl aaxl 3Lzl



Frequency & Rotational Variables

4.1 Frequency is revolutions per second (Hz); angular frequency is angular change per second (rad

s,

rad s susgs dsll o ol & ol saydllg HZ 33> g3 4511 R PRV RRVARRRS)

42 f = ’75 =S.0 Hz
w = 21tf = 107w = 31.4 rad s

43T = =0333s

44 f= — =4 Hz

1800
45 f = 20 - 30 Hz

W = 607 = 183.5 rad s

48w = 21w(5) = 107 rad s
v=rw =1 =319 ms

4.9 Both become four times their original values.

410 AB = wt = 60 rad
60

N = —— = 9.5 revolutions
27T

0506428618 10
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EXAM QUESTION 05 - QUICK REVISION

Points on a Rigid Rotating Body

3155 o un Lle bladl

Learning Outcomes qls:l xilgs

1. Show that points move different distances but through s 39131 youig dalisia Sl pladi blaill Oi XY
the same angle.

2. Explain that all points rotate at the same angular rate. s 6ol 31 Jumally youS Ll @l blds Oi =LY

Quick Notes .l doMs

All points share A8, w and a about one fixed axis; arc Job saunyg «uli ygoa Jo> Olg W AB O bladl oy
distance, tangential speed and tangential acceleration r o lewlaadl & Ll “_ l Al
depend onr. e ol poludly deyudlly paod

s =rQAB; v = rw; a; = ra

10 Practice Questions

5.1 Two marks lie on the same rigid disk. Why must their angular displacements match over one interval?
Slgwas 8yzall M5 Loyl I laalis13] goluwes 13la) Lawds Clall oyl e liaMe

5.2 Points A and B lie 0.10 m and 0.30 m from the axis. The disk turns 2 rad. Find both arc lengths.

oewsill Job axol.rad 2 ol youy so=all e M 0.305m 0.10 %lus By A sags

5.3 If the outer point completes one revolution, how many revolutions does an inner point complete?
ALy dladi JaST 890 @SB (Baslg Byga dumr sl dagill edeST 13]

5.4 A disk rotates at 4 rad s™. Compare w and v at radii 0.20 m and 0.50 m.
.M 0.50 M 0.20 ;pasy xic Vo oy .rad s 4 de gy 038 youu

5.5 An outer point travels 1.2 m while an inner point travels 0.40 m. Find the ratio of their radii.
shall Laad dewd ax gl M 0,40 d5 10l phasi Loy ML 1.2 dyoyls dlasi ghadiy

5.6 Do two people at the equator and at latitude 60° have the same angular speed about Earth’s axis? Ignore
Earth’s orbital motion.

Jo> y)ﬂl &y J.mi ?u'o):ﬂl)spw Jo> Lgwas &y013) deyudl °60 o ye s g clgiwill s jie yuasuid o
5.7 Use r = R cos(latitude). Compare the rotational linear speeds at latitude 60° and at the equator.
2lgzadly °60 (oo b3 e eidlygall perdasdl e yudl 438 (Lo 9l 1a3)r = R €OS paseial
5.8 A disk turns through Tt rad in 2 s. Find the average angular velocity of points at radii 0.10 m and 0.40 m.

5.9 A student says the outer point has greater angular speed because it travels farther. Correct the statement.
Bylall oo 5ST a8l glasi (@Y Ggly ¢ yunl dumy5l ddasill o] LI Jody

0506428618 11 393kl aaxl 3Lzl



5.10 At equal angular displacement, one point travels 0.90 m at r = 0.30 m. How far does a point at r = 0.50 m
travel?

T =0.50 M e ddasi pladi @S lgwds d3503)l d>13dl e X =0.30 M aze M 0.90 dass pladi

EXAM QUESTION 05 - ANSWERS

Points on a Rigid Rotating Body

5.1 Their relative positions remain fixed, so both rotate through the same angle.
lgeuds Eyol 1 (41500 13 (dyU dpanidl lagod g0 A
52 sA =010x2=020wm
sB=030x2=060m
5.3 One revolution; the period and angular rate are shared.
OB siden %gglj.” Ja=allg é)gJJl ol O:i Ba1g 8499
54 WA = wWB = 4 rad s

vAhA = 0.80 m sy vB = 2.0 m s™'

- rout _ sout _ 1.2 _ 3
Toorin sin 0.90

5.6 Yes. Both complete one rotation with Earth in the same time.
s a3l B (o33l ge 8y9s JaSy LaadlS tpes

v60

7 ————— = ¢0s60° = 0.50
veguator

5.8 Wavg,A = wavg,B = % =157 rad s

5.9 It has greater linear speed, but the same angular speed as the inner point.
3101 did] deyn ol Lol Y lge yun S (ST ddns deys (g

090
5.10 A8 = m =3 rad

s =050x3=150 m

0506428618 12 393kl aaxl 3Lzl



EXAM QUESTION 06 - QUICK REVISION

Sighed & Net Torque
Jaall 53=llg 532l 8 yla)

Learning Outcomes qls:l xilgs

1. Assign torque signs according to rotation tendency: Hylde go ¢ Jaimall olyoudl olodil s p 3l 8y Lis] agass
clockwise negative. Il deludl
2. Calculate net torque about one rotation axis. A1y ylygs yome Jo Juamall piell Gl

Quick Notes .l doMs

Choose the axis first. Counterclockwise is positive; Al Yoy g deludl ylde S .§9i sooeall sus

gf;l;w;iesls negative. Add torques algebraically about the A g I Jo> Uyer a53all gaxl

T=rFsing 2T =T, + T2 + ..

10 Practice Questions

6.1 What sign is assigned to a torque tending to rotate an object clockwise?
faeludl oylde 2o pue 31945 JI Juas pie 8laf L
6.2 An upward force acts to the right of a pivot. State its torque sign.
lgade Byl sas STl yomma praan e e 808 4385
6.3 A downward force acts to the left of a pivot. State its torque sign.
lgaje 8 L] sas 3IST5l yome sluny Ll Jauwd 893 y345
6.4 Torques +12 N m and -7 N m act on a body. Find the net torque and tendency.
Jazsall lygall slanily dlasall ax gl jqus e N 7—g N m 12+ olojell 38,
6.5 Torques +6, —10 and +2 N m act about one axis. Find their resultant.
lgzlosa 329l anlg yoma Jo> N 2+ 10— 6+ pgie 1355

6.6 A 10 N downward force acts 0.40 m right of a pivot, and a 6 N downward force acts 0.50 m left of it. Find net
torque.

el p}g.]l.o,gi oyl 0.50 2y e Jawd N 68584 ygall ey M 0.40 a2y e Jau¥ N 10 848 4543
6.7 A force’s line of action passes through the pivot. What is its torque, regardless of force magnitude?
858l Hlade oS age lgaie Lo JISTHAN jomay 598 Jac s say

6.8 A 20 N force acts perpendicularly at 0.30 m to produce clockwise rotation. What counterclockwise torque
balances it?

Tol3M a3 uSleall piell Lo deludl ylée 2o @uedl jygad M 0.30 sy aie Usgac N 20 548 443

6.9 A5 N m clockwise torque acts with an unknown torque. Net torque must be +3 N m. Find the unknown.
Jogomall ax gl N M 3+ dhasa wglhall | Jogomo picg deludl wylic pa N5 pje 455

6.10 Can zero net torque coexist with nonzero individual torques? Give a numerical example.
Loae Jlia bael §d380 142 853800 poie 3939 o o piell dlasa (555 ol (Say o

0506428618 13 393kl aaxl 3Lzl



EXAM QUESTION 06 - ANSWERS

Sighed & Net Torque

6.1 Negative under the stated convention.
azsall Mol 38y LIl
6.2 Positive: the tendency is counterclockwise.
Aeludl oylde uSe pgadl JI Juad @Y tor g0
6.3 Positive: it also tends to rotate counterclockwise.
deludl oylie puSe yygadl L] Juad oY Loyl Cxs0
6421 =12 =7 = +S5 N m; counterclockwise.
el oylie uSe yygadl J] Juai gl tiun 9o dlasall

65T =6 —10+ 2 = -2 N wm,; clockwise.
deludl oslie po sagadl I Jeall s ddLudl 8Ll

\

6.6 2T = +(6 x 0.50) — (10 x 0.90) = =1.0 N m

6.7 2ero, because the perpendicular lever arm is zero.
Iyéo §9L‘"’ é.sg.nszn pill e lyd Q;ﬂ {300

6.8 Tclockwise = =20 x 0.30 = —6.0 N m
thalance = +6.0 N m

6.9 Tunknown — S = 3 = tunknown = +8 N m

6.10 Yes: +8 N m and —8 N m cancel.
odaley Nm 8—g N m 8+ (ylajell (asi
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EXAM QUESTION 07 - QUICK REVISION
Moment of Inertia: Point Masses

dhagidl sl ygadll pie

Learning Outcomes qls:l xilgs

1. Calculate | = mr2 for a single point mass. J = mr? @BMelly ddadi QS jg0d pie Dl
2. Find the total moment of inertia of several point Adads LS el S yoadll pie Olus
masses.

Quick Notes .l doMs
Use perpendicular distance to the chosen axis. Add mr2 Js) mr? oozl ylisall yoall e gsganll sl susciwl
for every mass; distances are squared, not signed. olylal i85 ig 316 Lueall ?_.sy LS

I = mr? ITotal = Zmir®; unit: kg m?

10 Practice Questions

7.1 What does moment of inertia measure, and what two factors determine it for a point mass?
¢ ddagall dlisl) sy culole o Lleg oadll pie uds 13k

7.2 Find | for a 2.0 kg point mass 0.30 m from the axis.
s9>all e M 0.30 w2 kg 2.0 dhaii dlis) T as g

7.3 A 0.50 kg point mass has | = 0.080 kg m2. Find r.
T 2ol kg m?0.080 j008 nje kg 0.50 dlasi dlis

7.4Amass atr=0.20 m has | =0.12 kg m2. Find its mass.
asdl _\:;-_gi kg m20.12 9B p3e T = 0.20 m e ds!

7.5 Two 1.5 kg point masses are each 0.40 m from an axis. Find total I.
SISIT s ol y9a e M 0.40 yluwd KE 1.5 lagia JS oy lugdads o lils
7.6 Masses 2 kg and 3 kg are at perpendicular distances 0.20 m and 0.40 m. Find total I.
LSISUT _\_?-9i .m 0405 m 0.20 ;osgae ey e K39 kg 2 LS
7.7 A 4 kg point mass lies on the axis and a 1 kg point mass lies 0.50 m away. Find total I.
WIS Tasgl e M 0.50 a2 kg 1 ¢33l yomall Lle Kg 4 ddnss dlus
7.8 If a point mass doubles and its radius triples, by what factor does | change?

ST sy Jole gld il B loasy peols daail] AL caaelas 13]

7.9 Two 0.30 kg masses are attached to the ends of a massless 0.80 m rod. Find | about its midpoint and then
about one end.

b bl o1 Jo> @f caazall Jo Tanol . 0.80 dgb disUl Jago B 83 sie kg 0.30 liliS o

7.10 Why does moving the same masses closer to a rotation axis make angular acceleration easier for the same
torque?

S piall e Jgool Gol3 Ly yomall (ya lgueds 11 (pyss Joony 13lal
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EXAM QUESTION 07 - ANSWERS
Moment of Inertia: Point Masses

7.1 Resistance to angular acceleration; it depends on mass and squared distance from the axis.
295l e laasy giyag Sl e saunyg (Al o)l &S 5ol 48T dagléa

7.2 1 = mr? = 2,000.30)* = 0.18 kg m?

) 0080 | _
7.3 r = '\/(7) = Kw) = 0.0 m

751 =2 x 15 x 040> = 0.48 kg m*

76 1 = 200.20)% + 3(0.40)> = 0.03 + 0.48 = 0.56 kg m?
7.7 1 = 6(0)% + 100.50)> = 0.2S kg m?

7.8 Inew = (2m)(3r)? = 13mr* = 18lold

7.9 Imid = 2(0.30)(0.40)> = 0.096 kg m?
lend = 0.3000)> + 0.30(0.80)% = 0.192 kg m?

et
/

7.10 It reduces |; since a = , the same torgue produces greater angular acceleration.

ST Goly 1oylus audi p3ell iy @ = TNE/T ewsyg d iy

0506428618 16 393kl aaxl 3Lzl



EXAM QUESTION 08 - QUICK REVISION

Centre of Mass & Stability

Learning Outcomes qls:l xilgs

1. Locate the centre of mass experimentally by Jdalises bl o Gudedly L s sl 3S yo auasd
suspension from different points.

2. Explain how centre-of-mass location affects stability. el ylsdiwl 8 dlsS)l S5 o g0 1 gty

Quick Notes .l doMs

For a freely suspended lamina, the centre of mass lieson __uly)l basdl le 4Lsl 35S y0 péy (s yoy ddlos dogbo

the vertical line below suspension. Two plumb lines oussss |adladl : @ ades)l ol
intersect at it. 2 JoBladl s ebolai, gledl Y4

An object remains supported while its weight's line of dacld 131y aiyg Jac ks als Lo ydtue @uadl Ldo

acti.on fall§ inside its base. A low centre and wide base oMasyl ul)U.o_.\ dsalgll Bacldlly  adsaall 35 all IS5yl
resist tipping.

Tipping begins when the weight line passes beyond the support edge.

10 Practice Questions

8.1 Describe how to locate the centre of mass of an irregular cardboard sheet using two suspension points.
. ..“ o “! .o P‘ R lJ' o "... }.J:'L C)sj)s o “. M}S}A .L:\J.}tj k.é.@
8.2 Why must the suspended sheet be allowed to come to rest before drawing the vertical line?
§ alyll sl gy I8 S i ddlall dmgiall Sy 13La)
8.3 What is gained by drawing a third suspension line?
Tedl i bas quwy 8356 L
8.4 Why can the centre of mass of a ring lie in empty space?
SE135 8 dal> dluS 3Sya piy o oSay 15k

8.5 Two identical empty trucks carry the same load, one low and one high. Which is more resistant to tipping, and
why?

Slilalg MM daglae ST lagyl dsdiye y3Ylg didsuo lanlas] dguwa dgasd! oylililaze olusla Jasd
8.6 Why does spreading the legs of a tripod improve its stability?

S0yl szl S Jalodl Syl slay] enny 13a)

8.7 Atilted block’s weight line falls just inside its supporting edge. Predict what happens when released gently.
T89Sy e wasy 13le, Lddy Loy S5yl &8l 51 dile dS 59 das yay

8.8 The same weight line moves just outside the supporting edge. Predict the motion.
Syl @8 g3 Sl SISy B> 7513 ] awwds 3gll s Jauy
8.9 Why does a person lean forward when standing up from a chair?

¢Q‘u)5 oo 2 sedl e r’:l.ow wasadl Jaay 13l
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8.10 A loaded vehicle must carry heavy and light boxes. Where should the heavy boxes be placed to improve
stability?

Olpzad] o) dddl @b 58 (ul dbsdss A Guolio Jaxd 450

EXAM QUESTION 08 - ANSWERS

Centre of Mass & Stability

8.1 Suspend it freely from one point and draw the plumb line. Repeat from another point. Their
intersection gives the centre of mass.

AL S 30 50 gloladl 31 dais ya 33 @5 ¢ )58l s sl dais cya Gy eale
8.2 At rest, net torgue is zero and the weight line passes through the support point.
Baladl dhady (y3gll das sang a0 piall dlasa (oS0 oSl sie
8.3 It checks the intersection and helps detect experimental error.
el Uasdl (asS g glolid] datis o Bl
8.4 The centre of mass is an average position of the distributed mass; it need not lie in material.
Bale U3 gy of byiag Y9 4l 3o busgino goge ALSIl 5S40
8.5 The low-loaded truck: its lower centre of mass allows more tilt before the weight line leaves
the base.
Bacld)l o ioll sz g5 J‘B}Si ey o lelas,yl V\Bﬂl @3S y0 OE (dasseall dgasdl oily Lo Lidl
8.6 It widens the support base, so a greater tilt is needed for the weight line to leave the base.
Baclall o 3gll b zossd 58T Juo pilid SISl Bacld gusgy
8.7 Gravity produces a restoring torgue and the block returns toward its original position.
uLa;ﬂl 409 9o pucndl 3928 ¢yl pie dgiladl s
8.8 Gravity now produces a tipping torgue and the block falls over.

8.9 To bring the centre of mass over the feet, which become the support base.

S 531 Bacl ylouead el cypondl] gb dliS)l 35 ya Jrd
8.10 Low in the vehicle and balanced across its base, keeping the centre of mass low and within
the support region.

IS5 ,)1 dilata e g Ladsus Al 38 a Lid Sacldll Lle 41350 dejsag S all Jawl
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EXAM QUESTION 09 - QUICK REVISION

Static Equilibrium

isSudl 553l

Learning Outcomes qls:l xilgs

1. State both translational and rotational conditions for 85l W Slyeudlg JEsdl sl by S3
static equilibrium.

Quick Notes .l doMs
Static equilibrium requires rest with zero net force and sodll lasa plasil go ¢yeSudl 59Sudl ol 3531 Cllaty
zero net torque. Neither condition alone is sufficient. ) basg b_}m 6i 63y Al

Skx=0; 2Fy =0, s1=0;,v=0; 0w =0

10 Practice Questions

9.1 State the two balance conditions for an object at rest in static equilibrium.
L,:_c;i‘,.’ ol & Sl @usd ¢l ub_)‘u Sl
9.2 A book rests on a horizontal table. Identify the forces and their balance.
Lgilsl @8Meg godll sas sl ol Lo Sl LS
9.3 Two equal opposite forces act along different parallel lines. Is zero net force enough for static equilibrium?
?%,395#” ol L,as_: 898l dhasa slasil o . pdlisa pailoie das e liuwSleta oligluca ligd 4343
9.4 Can net torque be zero while a body accelerates in a straight line? Give an example.
Slio el $llas quodl ¢ sl laig 3o Josall ajell oSy of oSay o
9.5 Forces +8 N, =3 N and F act along one horizontal line through a body’s centre. Find F for force balance.
(g8l oI35 F gl g 3508 say oty a8l bas e F g8 N 3—o N 8+ goill 1355
9.6 A 40 N downward load is held by two vertical upward forces. One is 15 N. Find the other for vertical balance.
el 1MW 63331 ol N 15 laalas] ¥ gzl (g8 Jawd N 40 Mas Jasy
9.7 Torques +9 N m and Tt act on a body at rest. Find 1 required for rotational equilibrium.
Sool 1550 &3 T s ol .Sl @u e To N 9+ lajall 55y
9.8 A body moves at constant nonzero velocity with no rotation. Is it in static equilibrium?
§ 95w I3l 8 9o o ylhes (yes dpho s Al de yuy e Sy
9.9 A wheel rotates at constant angular speed with zero net force and torque. Is its equilibrium static?
§ 95 @Il Jo a0 piallg 8odll Lilanag dull dygl) deyuny done you5

9.10 A beam balances about its centre but has a net upward force of 6 N. Which equilibrium condition fails?
S B8t i ol 35l by él SeYN 6 598l dhama (S 23Sy Jo> doyle po3e oyl

EXAM QUESTION 09 - ANSWERS
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Static Equilibrium

9.1 The net external force and net external torgue must both be zero.
1380 &yl pg3all dlamag demyl gsill dhama ;o5 ol con

9.2 Weight acts down and normal force acts up; N = mg and net torgue is zero.
b0 piell dlasag N =mg ;g ¢v|.cfﬂ dy3ga=ll 34dllg Jn._u;ﬂ a9l
9.3 No. They form a couple and produce nonzero net torgue.

\$380 3 Mana 3o ity 519a31 WS 3

9.4 Yes. A net force through the centre of mass can accelerate translation without producing
torgue about that centre.

3S5all Jo p3e oyos Wl 18l s ol Sy ASIT 35 3 305 dlasmn 895 o3
958 -3 +F=0=>F=-SN
96 IS+F-60=0=F =25 N
979 +1=0=>1T=-9Nwm

9.8 No. It may have zero net force and torgue, but static equilibrium also requires being at rest.
Lol oSl Cllazy oSl 3531 oS ip3elly 8l Lilana pasi 58 ¢
9.9 No, because it is rotating. Zero acceleration does not imply rest.
oSl iy g sl plasil yoad @Y o
9.10 Translational equilibrium fails; the beam’s centre of mass accelerates upward.
e doylall AS 350 ¢ luctd (ania yut JEDII Gl35dl by
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EXAM QUESTION 10 - QUICK REVISION
Coriolis Effect

92395 35U

Learning Outcomes qls:l xilgs

1. Describe Coriolis force as an apparent deflecting force BYUSY ) Bl ool s &35 9aS udosyeS 898 bog

in a rotating reference frame. 188 2> 3a

Quick Notes 7l doMs

A freely moving object can follow a straight path in an (83908 sy dewdlly @udiiua s 8 ol @l e 48
inertial frame but appear curved to a rotating observer. o woly) Lo 0 ylue gaus
Coriolis force describes the rotating-frame effect; it is not oM 898 Cewd g ylgul yUsHI yl s 91y9S 898 Laal
a new contact force. Sn

Rotating-frame apparent deflection # an extra physical interaction.

10 Practice Questions

10.1 What is a rotating reference frame?
$ylgl L;L)-_)A” YAl b
10.2 Why is the Coriolis force called apparent?
T palls 893 yudou)sS 895 saws I3kl

10.3 A ball moves freely across a rotating platform. How can a stationary observer and a platform observer
describe different path shapes?

Syluwall cyualisen S daiall e solylg coldl solyl oy bS8 8yl9s datia yue dyyou 83S Sy
10.4 A camera rotates with a disk as a low-friction puck crosses it. Does a curved track in the video prove a
sideways contact force?
o 898 3929 oty gaadll B Jovia jlua yogh Jo Al LSy 038 03y larg (038 2o 1405 593

Tduil

10.5 What happens to the rotational apparent deflection if the platform stops rotating?
Tolygall e dozall cadgi 3] ol ygall e 2Ll §)mLBJl Bl oMW Ssao 3l

10.6 If the platform’s rotation is reversed while the launch setup is otherwise equivalent, how does the apparent
deflection change?

?é)mLL'zll Blyssdll oy 4.8 B85 Ml y5 cldy 2o dcuall 199 Q#S.c 13]
10.7 Why must the reference frame be specified when describing Coriolis deflection?
S asyeS Blysil hog die o yall HUoRl spasd o 131l

10.8 A projectile is fired due north from the equator. Why does Earth’s rotating observer see an eastward
deflection?

$ 83l 95 Blysal (o ¥l o il wolyll gy 13la) elgzadl s oo Jladl olaily Boida §la
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10.9 Does Coriolis deflection by itself mean Newton’s laws fail?
§ o085 pailsd Jad il somy uelsaysS Blyssl sy Jo

10.10 Propose a simple demonstration that separates real motion from rotating-frame appearance.
2139 5] 3 lseliog dddadll &Syl sy Vol iy iy 758]

EXAM QUESTION 10 - ANSWERS

Coriolis Effect

10.1 A coordinate system rotating relative to an inertial frame, such as one fixed to a rotating
platform.

Bylos data e cuza plaS 20 (65508 jUod &l youu wililas] ala

10.2 It is introduced to describe motion in a rotating frame, rather than arising from an additional
physical interaction.

O] L3 Jelds o L 3o ylga 5] J51s &3odl o g) pasiiud

10.3 The stationary observer can see a straight path; the rotating observer sees an apparent curved
path because the axes rotate.

239lxa ylyes caaw Uyalls alisd! ylgall soldl gy laiy ladiwn lue coldl syl RSSRC

10.4 No. Rotation of the camera’s reference frame can produce the apparent curvature.

6).95@[ cloddl ey 48 150K gsz>-).:.\J| Sl lygs

10.5 It disappears; the platform frame no longer rotates relative to the stationary frame.
ol bW dewdlly youu sy @) daiall U] (Y« Jo

10.6 Its sense reverses.
RTIEK| AT,
10.7 The apparent deflection depends on the observer’s rotating coordinates.

8315301 ol olslas] e sazey gl Bl oY

10.8 The projectile retains its initial eastward motion while moving above regions with smaller
eastward rotational speed.

J81 48 3l &1yl gz yos 3bolie §98 Jay oty d8landl 88 3l S yony Boidiall Loy
10.9 No. Use Newton’s laws in an inertial frame, or include appropriate apparent forces in the
rotating frame.
1501 5ol 5 dliall dysalbal] goall BLa o igy9.08 Yol L (o cysilB pasizud
10.10 Record a low-friction puck crossing a rotating platform with one stationary camera and one
co-rotating camera; compare the paths.

ol 38 @F lgmo youi gy lg &l |yolSy 83150 daie yemy AISudl I8 Loys y50
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EXAM QUESTION 11 - QUICK REVISION
Collisions & Impulse

2.1y ilaslall
Learning Outcomes qls:l xilgs
1. Describe forces and their effects before, during and Oyl elilg 5yl el Ly L3 oyl godll o
after a player hits a ball. 0a%3g
2. Derive impulse from Newton’s second law and state its g gasdy S e 93 (e gl Blaial
unit.
Quick Notes .l doMs
During contact, the bat and ball exert equal opposite eisolucie iy 53S0lg siaall 4353 uaddl LS
forces on different objects. After separation, contact 158 Sl e v tS\tia
98 Joii Jlaaidl sy (palisia (o S
forces cease. ot J e .
.u.U.AM.J‘
Impulse equals momentum change. For constant mass, do-laall po ey (ALl Asl) @331 385 ggluy g8
integrate force over time or use average force. ibngiall 3gal of a3llg Bl .

J = Favgt = bp = m(vf — vi); N's = kg m s

10 Practice Questions

11.1 Before a bat touches a flying ball, does the bat exert a contact force on it?
§ puads oy lgale 35y Jo B33 835 yaall juadly ol 18
11.2 During impact, compare the force of the bat on the ball with the force of the ball on the bat.
oyaall Lle 8ySI1 8989 8,SI Lo oyl 58 ¢y asladl LS
11.3 Why do these equal opposite forces not cancel when calculating the ball's acceleration?
98,3801 ¢ ylud Dl sie liuSlezall Ly gluciall gdll Jalexs 3 130
11.4 Once the ball leaves the bat, does a forward bat force continue pushing it?
SplaMl Lgads 8 yaall 898 yacis Jo 0 yall 838Ul pala5 o amy
11.5 Derive J = Ap from Newton’s second law for a constant-mass object.
AN 2ol i U o8 5938 (0 ] = AP gl
11.6 State the Sl unit of impulse and show its equivalence to the momentum unit.
0331 8a>g 0 JOIST g9 9)94]! aladl us 28l 3u>g sSI
11.7 A 0.20 kg ball changes from rest to +15 m s™. Find the impulse.
2l asgl M 87115+ | oSl 5o KE 0.20 58S deyon i
11.8 A 0.15 kg ball changes from =20 to +30 m s™. Find its momentum change.

Lgas ) 585 s ol .M s 30+ J1 20— 0 kg 0.15 58S de s oo

11.9 A ball receives a momentum change of +7.5 kg m s in 0.010 s. Find its average force.

lgule dhugiall 598l an ol .5 0.010 s kg M §71 7.5+ 033 1443 8,S als

0506428618 23 393kl aaxl 3Lzl



11.10 Why can the ball's acceleration be much larger than the bat’s despite equal contact forces?
§uaddl 398 colus @y ydall @5l (ya 13455 58T 83801 gyl ¢y o5y 48 130

EXAM QUESTION 11 - ANSWERS

Collisions & Impulse

11.1 No. The bat-ball contact force exists only while they touch; gravity and air forces may still
act.

2loglls &3l 3357 3B ( uadldl Ll add an g3 83l o paall uaMi o8 Y

11.2 They are equal in magnitude and opposite in direction at each instant.
s IS 8 lall g liusSleiag 1lage olisglucie
11.3 They act on different objects; only forces on the ball enter its net force.
lglao (6 b 8 Sl Lo 858all ol (545 tpulisin rpaner Sle o385 lagid
11.4 No. The ball continues moving because it has momentum; the bat’s contact force has ended.
w2 yoall Guadls 598 cogil 8o las (gSMad &Syl 8 8 ySU sazas )

_vf=vi _ NAp
115 Favg = m N T Ar

FavgAt = Ap = J = Ap

11.6 Impulse is measured in N s. Since N = kg m s> N s = kg m s,
Ns=kgms™ 48N=kgms?35.Nsgdul s3>

1.7 7 = mQFf = vi) = 02005 - 0) = +30 N s
11.8Ap = 0.15[30 — (-20)] = +7.5 kg m s

=+750 N

7.5
11.9 Fan = W

11.10 Acceleration depends on mass as well as force; the lighter ball generally accelerates more.
ST 8sle ¢ slucti Al 181 5,SU15 tloa 3gdllg ds)l e ¢ ylucd] sauny
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EXAM QUESTION 12 - QUICK REVISION
Impulse from Force-Time Data

s03lls Bell &Ll e bl

Learning Outcomes qls:l xilgs

1. Calculate impulse using constant or average force, or o Luall o @awgzall of dulal 5 gall plascialy 8l lue
the area under a force—time graph.

o) lg Badll isia cod
Quick Notes 7l doMs

Signed area gives impulse. For a triangle use half base x dacldll b puscil ediall (@8l rei g5 ylasly doLuwll

height; add signed areas for multiple intervals. Baasszall ool yzall gLl olsluall gaslg ¢ laiydl L5
: / :
J = FavgAt; Jtriangle = 5 X base x height
F(N)

100

Area = impulse

t(s)
0 0.040

10 Practice Questions

12.1 A constant +12 N force acts for 0.50 s. Find impulse.
250 a9 .8 0.50 8ua) N 12+ a5 868 433

12.2 A constant —20 N force acts for 0.15 s. Find signed impulse.
Lol pdl as 9.8 0.15 8uad N 20— i 598 4383

12.3 A varying force has average value 80 N over 0.025 s. Find impulse.

12.4 Force rises linearly from zero to 100 N over 0.040 s. Find impulse from the triangular area.
a2zl doLuall o 2801 a6 .5 0.040 M5 N 100 | jao oo Ghas 58l slays

12.5 Force decreases linearly from 60 N to zero during 0.20 s. Find impulse and average force.
Jawgiall 5gallg g8all a9l .8 0.20 M5 sao JIN 60 oo Glas 858l a5

12.6 Force increases linearly from 20 N to 60 N in 0.30 s. Find the trapezoidal impulse.
Byoaall ai d>lua o g4I .\:>;9i .$0.30 M3 N 60 JIN 20 cy0 Llas 548l 51535

12.7 Aforce is +10 N for 0.20 s, then +30 N for 0.10 s. Find total impulse.
IS 2831 w5 61,8 0.10 50 N 30+ 055 0.20 53a) N 10+ 358l 555

12.8 A graph has area +8 N s above the time axis and area magnitude 3 N s below it. Find net impulse.
Jaall g4l A.}gi o3 N S 3 dslun yludag (yoall 3599 N S 8+ dolwa y03llg 544l o y)
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12.9 A triangular force pulse lasts 0.020 s and delivers 4.0 N s. Find the peak force.

.okl 89l axol N S 4.0 58y Llaeig 8 0.020 lgisa dxlis 898 dis
12.10 Two force—time pulses have equal area but different peak forces. Compare their momentum changes.

033 g3 08 oy ludlisn (ypsalinll lagsd S) Lguds dLuaall a)g B8 2l

EXAM QUESTION 12 - ANSWERS

Impulse from Force-Time Data

1217 =FAt =12 x 050 = +6.0 N s
12271 =-20x0)5 =-30N s
12.3 J = FavgAt = 80 x 0.025 = 2.0 N s

124 7 = % x 0.040 x 100 = 2.0 N s
12.5J=%x0.20x60=6‘0Ns
60
FOVQ'W'BON
e7=20160 h30=12Ns

2
12.7 7 = 1000.20) + 30(0.10) = S.0 N s

128 Jnet =8 —3=+S N s

1297 = %FpeakAt

2 x40

0020 400 N

Fpeak =

12.10 They cause equal momentum changes if their signed areas are equal; peak force alone does
not determine impulse.

28l sus Y laasg abiell 5gall dlageiylisly oo Luall gl 13] dwds a3 3485 oy lgasd
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EXAM QUESTION 13 - QUICK REVISION
Linear Momentum Conservation

bl @3] Bas

Learning Outcomes qls:l xilgs
1. Use experiments or simulations to study velocity and @3 3lo wile yudl 18 danlya) 315 Iall ol wyloll plasciwl
momentum changes during collisions. paladl 2Ll
2. Define a system and apply linear momentum lag (a>lg aoy 8 asdl @33l bads §odnig pUR] oy ye
conservation in one dimension, including recoil and sladll 8 edullg slaiydl a8
propulsion. -

Quick Notes .l doMs

Choose all interacting objects as the system. If external 2B 2801 Jlaa] aue lallas @IS dlelazall PL‘O&I s

impulse is negligible, total momentum before equals total ’ oy Gl L3 sl colucis
momentum after. 19 Jeladl 18 JISI @33l golucty

Use signed velocities. Internal forces transfer momentum o @33 s 1l gadll 85 il Laly wle yudl paseiwl
between objects but do not change the total. ¢ 1 S PL‘oSH

ZPI = pr,‘ mid1 + Mol = MV1 + MoVo

10 Practice Questions

13.1 For a collision between two carts, what system should be chosen to apply momentum conservation?
Sowe palad Lle @33l s dadad Cusliall sl Lo
13.2 What measurements are needed to test momentum conservation in a cart collision?

S oeisye palad u.e 33 ads yLasd do Ml wlwldll L

13.3 Cart A has mass 1 kg and velocity +4 m s™; B has mass 2 kg and velocity -1 m s, Find initial total
momentum.

u]S” &'Mﬂ @3l ..Q-gi mst1— lgzeyug kg 2 égLuJB dSe s14+ lgze yng KE 1 égL.uJA dyell ds

13.4 A2 kg cart at +3 m st sticks to a stationary 1 kg cart. Find their common velocity.
S el deyadl s ol KRG T &iSles dyymy M S71 3+ e s KE 2 dyye Gl
13.5 A 60 kg skater initially at rest throws a 3 kg ball at +4 m s™ relative to the ground. Find the skater’s velocity.
2 3all de yan Jq-gi oW dwddbm s14+ iy kg3 Bﬁggi QSLukg60 e ey
13.6 A stationary device separates into a 2 kg piece moving at +6 m s™* and a 3 kg piece. Find the second velocity.
gl de s gl KE 3 gy3lo M 8716+ deyuny Sy KE 2 dakad ] Sl 3la> Jadis
13.7 Why can a spacecraft propel itself in empty space?
TElsall 8 lgwai 85 d5Lad 4S50 gdrid 13lal

13.8 Two carts initially have total momentum +5.0 kg m s™. Measured final momentum is +4.2 kg m s™. Find the
implied external impulse.

iwall 2yl @dall sl Kg M sTH 42+ Luliall Slgdls kg M S50+ JISI Slasdl e 03
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13.9 In a low-friction simulation, one cart gains +3 N s of momentum during contact. What is the other cart’s contact
impulse?

?éyfil dyll e juaddl 285 Lo . e <IN s 3+ @35 38 e ST Sl ALLS 38 us
13.10 A1 kg cart at +5 m s™ hits a stationary 2 kg cart. The first leaves at +1 m s™. Find the second final velocity.

Al &l de s aorgl M STE T+ ey oW yolsy KE 2 &iSlu dysmy M 871 5+ gue y KE 1 diye andaal

EXAM QUESTION 13 - ANSWERS

Linear Momentum Conservation

13.1 Both carts together; the external impulse on that combined system must be negligible.
Ssall pladl i e ylsJl @bl Jleal 83930 2o dlia Lzl

13.2 Measure both masses and signed velocities immediately before and after impact, then compare
total momenta.

S a1 B @d coasyg paladl 18 W@ilhlal ole sully gaelsl ud
133 pi = 1(6) + 2(-1) = +2 kg m s™

13.4 2(3) = (2 + Dv
v = % =+2ms’
135 0 = 60v + 3(4)
__12 _ -
v = 0 - 020 m s
136 0 = 2(6) + 3v
2

3

=-49ms"

13.7 It expels material backward; the spacecraft gains opposite momentum. No surrounding air is
required.

Loma elgn ] zliog Yo LiSlen s ) ceweSzb alsd) 83l i

138 Jext = pf —pi = 4.2 — 50 = =080 N s

13.9 =3 N s: the internal contact impulses are equal and opposite.
oluSlatag ololuca 5LS Il Luedldl lads (N S 3—

13.10 1(S) = 1() + 2v,

v2=%=+2ms"
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EXAM QUESTION 14 - QUICK REVISION

Impulse in Safety & Sport

dolyylg dastudl s gaull

Learning Outcomes qls:l xilgs

1. Investigate everyday applications of the impulse—
momentum theorem.

2. Explain how airbags reduce injury using impulse—
momentum ideas.

Quick Notes .l doMs

For the same momentum change, a longer stopping time
reduces average force. Impulse is not reduced merely by
increasing time.

Favg = %

10 Practice Questions

gag | 8Ll b @33y g3l &t ye oligdad cLaizl
5l plasizaly Glodl JJ&5 5 aslsgll lugl yas yauds

339

Sl ] BBl 503 B35 (6383 o3 31 b sl
woso3ll 83133 3ymea) @3l odizy ¥ dlacsgzall 8gdll

14.1 Why does an airbag reduce the average force on an occupant brought to rest?
a8yl e ._9_99,\ Sy Lle dawgiall 308ll &bl gl 3aluwgll a7 13l
14.2 Does an airbag necessarily reduce the impulse required to stop the same occupant from the same speed?

$lguuds eyl o duds CS1y)1 8Ly w301 Bl 305l dilogl Sslusll a5 o

14.3 A 70 kg occupant stops from 12 m s in 0.060 s. Find the average stopping-force magnitude.
Jdawgiall 5ol ylada sl .8 0.060 Vs M $71 12 deyes o0 KE 70 STy a8 gy

14.4 A 70 kg occupant stops from 12 m s in 0.30 s instead of 0.060 s. Find average stopping-force magnitude and

its reduction factor.

leolasil Jaleg dawgiall @8gll 598 yluda sxgl .8 0.060 1o Y158 0.30 M3 m s71 12 o kg 70 S1y b gy

14.5 Why does a catcher move the glove backward while catching a ball?

14.6 Why are knees bent during landing from a jump?

8,80 bladl Ll calsl) o31a8 eI o yoy 131l

5388 4o bogl aic LSl b 13kl

14.7 Compare an egg stopping on a hard floor with stopping in thick padding, assuming equal initial and final

velocities.

a5lgdly asledl e yull golud go disams o J51 lgaBgig dlo p)l Lle Aoy aBgi 18

14.8 A 0.25 kg ball at 8 m s™* stops in a glove. What minimum stopping time keeps average force magnitude at or

below 40 N?

?J'éi 9iN40m&mwlssmI)Img@_a§93w3 Jéiu.jtéégéms‘18@eﬂkg0.25 33S aBgr

0506428618
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14.9 Two barriers stop an identical car from the same speed. Barrier A gives twice the stopping time. Compare
average forces.

edawgall 3ol o8 . aBodl o) o A ey lguwdl deyudl (o lgudd 8Ll 3> aB gy

14.10 Why can a bouncing ball receive a larger impulse than a ball that merely stops from the same incoming
speed?

§ g 8319l de sl po brdd 8895 835 yo ST 1R85 Badye 8yS Al 48 13la)

EXAM QUESTION 14 - ANSWERS

Impulse in Safety & Sport

14.1 It increases stopping time for approximately the same momentum change.
Uoliza 0331 385 o185 g A5l 05 05
14.2 No. The required momentum change is the same; the force is spread over more time.
Jobl a3 Lle ¢ 505 Boall ) cauds wglaall @311y 3
14.3 [Ap] = 70 x 12 = 340 kg m s~

_ 8490
/Favg/ = m = 16000 N
_ 840 _
14.4 |Favg| = 030 - 2800 N
14000 ‘
5300 - S: force is one fifth as large.

14.5 It increases the stopping time and reduces average contact force.
gzl Sl 855 Yiys 8,501 Bla) o 2454

14.6 Bending extends the stopping time and reduces the average force needed to change downward
momentum.

Aslgl 03301 s a3l ddngaall S8l Mapg B gl cpa3 Jubay il
14.7 The impulse is the same; padding increases stopping time and lowers average force.
Aawguall 3gdll pasiy ad gl o0 A3 3 geinlg tawds &é.ﬂl
148 [Ap| = 025 x 8 = 20 N s
Atmin = % = 0.050 s

14.9 The average force with A is half that with B.

B 20848l Cani A ga dawgiall 348l
14.10 Rebound reverses momentum, so the magnitude of momentum change includes both incoming
and outgoing motion.

Lo 835Lallg 83,1o)l &S yol @31 8 sladia Jadied (a3l LuSay o1yl
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EXAM QUESTION 15 - QUICK REVISION

Changing Shape While Rotating
ol Ul quund] S 45

Learning Outcomes qls:l xilgs

1. Explain how shape changes angular velocity while ol 3 @33 il e ISl sty duol M1 de yuudl 385 ypaneds
angular momentum remains constant without external RS N IS P RES] Jrers
torque. B

2. Discuss angular impulse and angular momentum in 2idly gudadll (8 gl il @3- illg g8l dudle

diving and ice skating.

Quick Notes .l doMs

With negligible external torque, lw stays constant. Pulling oo Asl oydt BB Iw dy >yl piell Jlaal e
mass inward reduces | and raises w. " s T iy ygouall
A push at takeoff supplies angular impulse. In flight, a el gy oyl 2Lt Gl R8s e MBI dods ial

diver changes rotation rate by changing shape. < 27 oylyeull Jasa

liwi = Ifwf

10 Practice Questions

15.1 Why does a spinning skater speed up when pulling the arms inward?
Taelyd @o sie lodl adizall ¢ yucy 130l
15.2 What happens when the skater extends the arms again with negligible external torque?
S'%,.}JBJI pidl Jlaal 2o 1300 duelyd il say bonie Sasy lila
15.3 A skater’s | changes from 4.0 to 2.0 kg m2 while initial w = 3.0 rad s™. Find final w.
Al asof rad s71 3.0 aslanyl dyglill e ywg kKg M2 2.0 J14.0 oo a3l T yuss
15.4 A diver reduces | to one third of its initial value. How does w change?
TW s &S Al aiad el Jl 0yg0d sie qulad pase
15.5 Why does a diver tuck during a somersault and extend before entering the water?
Seldl Jo3o 1B oaag ddadl Uil aawe ullasll @iy 13k
15.6 How does the diving board initially give a diver angular momentum?
Saladl 8 Uoly lasy Lulasll udasll 7o) pay &S
15.7 A skater expands from | = 1.2 to 3.0 kg m2 while spinning initially at 5.0 rad s™. Find final w.
A5l W sl .rad $715.0 de yun youu GSokgm?30 1.2 yo0y908 pie 2diie iy
15.8 Can changing shape alone create net angular momentum from zero in an isolated system?
15.9 A diver spins at 4 rad s with | = 6 kg m2. What | is needed to reach 12 rad s™* without external torque?
Sl pie poarad 112 Il Yool s3I Tle Kg M2 6 05508 ajeg Tad s71 4 deyuy jullat jouy
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15.10 A student says zero external torque always means constant angular velocity. What condition is missing?
§ a8l byadl s . dyol 3l deyudl LS aSls ey > y8dl a3ell plasil o] LIUs sy

EXAM QUESTION 15 - ANSWERS

Changing Shape While Rotating

15.1 Moment of inertia decreases, so angular speed rises to keep angular momentum constant.
Ll ool @3l e &gl il de gl 038 youadll oo
15.2 Moment of inertia increases and angular speed decreases.
yolil eyl pdss yeatll aje slsy

liwi 4.0 x 3.0

= = =l
7 30 6.0 rad s

15.3 wf =

15.4 Angular speed triples if external torgue is negligible.
ol a3l Jaal 13] Jleal & dyglil de yuudl s

15.5 Tucking reduces | and speeds rotation; extension increases | and slows rotation for controlled
entry.

Jesalllaa) ylyoddl  Jaug oagis aallg (lygadl ¢ g I May ‘moJl

15.6 The board force can exert torgue about the diver’s centre of mass during the push, producing
angular impulse.

Uoly 1883 asiazs 8l Ll ulhadll 4liS 3Sya Jo> aiey 7ol 893 4357 a8

1.2 x §.0

= =l
30 2.0 rad s

15.7 wf =

15.8 No. Internal motions may redistribute angular momentum, but the system’s total remains
2ero.

oo LA degana oS golil o3l 22jgf &SI S sodl s a8

6 x4
12

159 If = =2 kg m*

15.10 Moment of inertia must also be constant. 2ero external torgue conserves angular momentum,
not necessarily angular velocity.

ol deyudl ygyally Luddg (gol 3l 331 ady 2y 31 p3all plasil Loyl Bl yoatll pie (oS ol o
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EXAM QUESTION 16 - QUICK REVISION
Angular Momentum Conservation

Learning Outcomes qls:l xilgs
1. Define the system and apply conservation of angular ol @33l Bhas 938 Fudnig pliil oy ye
momentum.
2. Discuss skating, spinning tops, gyroscopes and Wl iy wlgSiug yaadlg 8310l LiMlg 2 3dl didlia
related examples. gl
Quick Notes .l doMs
Total angular momentum about an axis is conserved dlasa (550 basie oo Jo LISII ool 3l @331 Jadscy

when net external torque about that axis is zero. i do> a5l a3all

Atorque can change the direction of angular momentum. o Blal Sl iy . gol )l @33 oloil 35 o jel) - Say
A tilted spinning top precesses because gravity exerts ey 587 a3l

torque.

SLi=3LF L = lw

10 Practice Questions

16.1 State the condition required for angular momentum conservation about a chosen axis.
ol yooa o> égl_}“ @3 Bas by (Sl

16.2 A platform and rider rotate together. Should the rider or the platform-rider combination be the system when
the rider moves inward?

slallas CSTyllg dnall ‘zi oag Sl Lo o I3 1al) LS yad aie oa CSlyg dain youS

16.3 Arotor has | = 0.80 kg m? and w = 5.0 rad s™. Find its angular momentum.
col3l aasy asof .w =5.0rad s'g I = 0.80 kg m? ,l5.

16.4 A frictionless rotating system changes | from 5.0 to 8.0 kg m2. Initial w is 4.0 rad s™*. Find final w.
aSlgdl _\:?91 rads 140 dSlacdl &gl die yu kg m? 8.0 ol 50 oo Il (SR slgs PU:':J 528 a3 iy
16.5 A disk with 1; = 2 kg m?2 rotates at +6 rad s™. A coaxial stationary disk with 1, =1 kg m2 is coupled to it. Find the
common final w; external torque is negligible.
W axgl . kgm? 1 oy508 S CRSTES oSl osds oas .rad S 6+ deyus kg m? 2 0508 pie o8 youu
sl p el Jaal go d5lgdl &S yidiall
16.6 Two coaxial rotors with inertias 3 and 1 kg mz initially spin at +4 and -2 rad s™. They lock together. Find final
.
Sl w Jq-gi olasady rad s™ 2— 94+ laalic yuug kg m? 193 lanygad laje alyesa ylylgs

16.7 Why does a freely spinning gyroscope tend to maintain its axis direction when external torque is negligible?
S‘%,})La'dl piell Jlaal e 0yga ool e Blasd) jodl (1gSusg sl Juay 13l

16.8 Why is the angular momentum vector of a tilted precessing top not strictly conserved?
slali Uhas st Bila Jdd ool 3l @330 doio Jadoy Y13 la)
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16.9 A spinning system loses 3 kg m? s™ of angular momentum due to friction. Is the system isolated rotationally?
SLilyes Joime 9o Jo Al Jedy gol il das ) cya kg m?s*3 slgs ?Lbj KC.1.%]

16.10 Two rotors lock together without external torque. Must rotational kinetic energy be conserved as well as
angular momentum?

T ool @3l il I d&gdlyoall & 5ol @8l bds oy Ja . 25 e o0 (ylylgs oy

EXAM QUESTION 16 - ANSWERS

Angular Momentum Conservation

16.1 The net external torgue about that axis must be zero, or negligible over the interval.
838l IV dlaga ol I3ao yomall Jom a3l pinll dhasa 655 ol coony
16.2 Choose the platform and rider together, so their mutual torgues are internal.
31y lagig Jeladl agie 5oS) laa STyllg daall y2s]
163 L =1lw=0380x50=40 kg m* s
5.0 x 4.0

= = -l
16.4 Wf 30 2.50 rad s
165 2(6) + 1(0) = (2 + Dwf
wf = % = +4 rad s

16.6 Li = 3(4) + 1(=2) = 10 kg m?* s™

- ,0 p— =
wf = 357 " +2.5 rad s

16.7 Its angular momentum vector remains constant in direction and magnitude.

ol sladall colb Ldu ol dasy axia o3

16.8 Gravity exerts an external torque about the support point, changing the angular momentum
direction.
(sl @33l ool 2,8 STl bty Joo> 215 p ey Edladl (383
16.9 No. Friction supplies a nonzero external angular impulse.
a0 yué Lo ys Ugly lads SISl dowiay
16.10 No. Angular momentum is conserved, while some rotational kinetic energy may become

internal energy during coupling.
ol sl Ut & sty a8l S &yl &yl dBls sy Jgouny 489 (ool il @331 Jadsy o
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EXAM QUESTION 17 - QUICK REVISION
Angular Displacement, Torque & Equilibrium

o3l pielly daglill d133l

Learning Outcomes qls:l xilgs

1. Part 1: Define angular displacement. Auglyll d133l cayyei: Jodl eyl
2. Part 1: Relate average angular velocity, angular dglyll dx13¥lg &gl 3l deyudl rsga dasy 1 J oYl ol
displacement and time. oo3lg
3. Part 2: Apply T = Fr sin® with 8 between the force and axiag 898l o O co> T = Fr$inB g.odai: Sl cysl
radius vectors. bl dsi
4. Part 2: Solve torque and equilibrium problems. al3dlg piell Bilwae (o0 Sl 23l
Quick Notes 7l doMs

Angular displacement is the signed change in angular Oyl sl B3Lanly ool o g0 3u85 dugly)l A5l

position; retain full revolutions when the motion includes ) v lals)l

them.

Torque uses the perpendicular lever arm. For equilibrium, sodll o3l o350 L gaganll Badll ¢ 133 A jell ausiiug

balance forces and torques about a convenient pivot. . .
a P aenlio ygoee Jo> poiells

AB = 6f — Bi; wavg = i—?; T=Frsing; SF=0;,3t =0

10 Practice Questions

17.1 Part 1: Define angular displacement and distinguish it from total angular distance.
S dygl ) d8luall (e laiiag dugly)l d>I3dl Be :Jg”ﬂl eyl

17.2 A pointer rotates from 20° to 140° counterclockwise in 2.0 s. Find AB in radians and average w.
W busgiag olsly)l AB ssol .8 2.0 I3 °140 1 °20 oo deludl (ylde (uSe yiiga youy

17.3 Awheel completes 3.0 counterclockwise turns in 4.0 s. Find its average angular velocity.
gyl lgie s brsgiia s ol S 4.0 L5 deludl (ylae (uSe eilygs 3.0 doe oS5
17.4 Arotor turns at a constant —5.0 rad s™ for 6.0 s. Find angular displacement and magnitude of the number of
revolutions.
Olygul sae yladag duglyll 133l A.?-gi .$6.05sarad s15.0— b de yuny e 3oy

17.5 A wheel turns 2 revolutions counterclockwise, then 0.5 revolution clockwise, in 3.0 s. Find displacement,
angular distance and average w.

W bwgiag eugl Yl ddluwllg a3 .\_}93 .$30 M5 lgna 8393 bl o deludl Gylde wSe ydygs dloe yga3
17.6 Part 2: A 40 N force acts 0.25 m from a pivot at 30° to the radius. Find torque magnitude.
23l ylade qui kil aal ge °30 dgly yomall e 0.25 a2y Je N 40548 543 LYsL,.H eyl

17.7 A wrench must provide 18 N m of torque with a perpendicular 60 N force. Find the minimum required lever
arm.

234 Be8 el JBI 159l N 60 dy35ac 555 N 18 Lije zlida 489y u|pou
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17.8 A 100 N load acts 0.40 m left of a pivot. A downward force acts 0.80 m right. Find that force for torque balance;
neglect beam weight.

Jaals poal 558 858l ax gl atzay M 0.80 asy Lle Jawd 3539 cysomall slucy M 0.40 asy Lle N 100 o> yisy
doylall 3

17.9 A uniform 4.0 m horizontal beam of weight 200 N is supported at both ends. A 300 N load sits 1.0 m from the
left end. Find both upward support forces.

Byl e 1.0 a2y e N300 Ja> 204 . byl aie dagenns N 200 e300 M 4.0 Lo dabiuie a8l dble
el g8 3ol ¥l

17.10 A massless 2.0 m horizontal bar is hinged at the left and carries 120 N at the right end. A cable pulls the right
end upward and leftward at 30° to the horizontal. Find tension and horizontal/vertical hinge reactions.

°30 gl e sl Byl sy sl adybo wie N 120 Jasg [3luny Jodo M 2.0 gho dlisl Jago bl opisB
sl Y1 Ladall J2b g3yg adl ol slucdl 9o (opatl] B8

EXAM QUESTION 17 - ANSWERS

Angular Displacement, Torque & Equilibrium

17.1 Angular displacement is the signed change of angular position; angular distance adds all
rotation magnitudes without cancelling reversals.

uSlazall lalodl clal] 593 olygal salie gasd dglil &luall ol 8yl ol i)l aosall 3 dgglill dxl3yl

17200 = 120° = ZTT( rad
o

wavg = 3 = <5 = 1.0S rad s
2.0

173008 = 3.0 x 2711 = 6T rad

wavg = o 4.7l rad s

4.0
17408 = =5.0 x 6.0 = =30 rad
N = i = 4.77 revolutions
27T

17500 = (2 = 0.5)27 = +37 rad
Angular distance = (2 + 0.5)210 = ST rad

wavg = % = T rad s™'

17.6 [1] = Fr sin® = 40 x 0.25 x sin30° = S.0 N m

_ T 18 _
17.7 r = T = W = 0.30
17.8 10000.40) — F(0.80) = 0
_ 40
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17.9 About left: RB(4.0) — 20002.0) — 30001.0) = 0

700
RB = %0 175 N

RA + RB = 500 = RA = 325 N

17.10 2T sin30° = 2(120) = 0 =T = 240 N
Hx = T cos30° = 208 N rightward
Hy + T sin30° = 120 = 0 = Hy = 0

0506428618

37
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EXAM QUESTION 18 - QUICK REVISION
Rotational Dynamics & Angular Impulse

ol 3l @dallg oylyoll Ssalins

Learning Outcomes qls:l xilgs

1. Part 1: Apply Newton’s second law for rotation. oyl Sl s a3l udai: oYl eyall
2. Part 1: Determine | for a hoop, uniform cylinder, dabaiall Blglawilly &l yoad pie olus ;g el
sphere, rod and rectangular plate with specified axes. 9oall asd ge Jubatuall Zglllg oailly 8,S)lg
3. Part 2: Define L = lw and state its unit. iasg agandg L= T cayyei ;S e 3o
4. Part 2: State angular impulse—-momentum theorem @331 385 golucy bamall gol3ll g8l C,i S5 Sl eyl
TavgAt = Lf - Li. .oyl
5. Part 2: Solve angular momentum problems. .89l @331 Biluco Yo 1 Sl 23l

Quick Notes 7 ,ull doMs

For fixed I, net torque determines angular acceleration. ddslan oy . gol il ¢ slucdl a0l dlasa sasd T wld e
Every inertia formula must be matched to its axis. ; 5 ysaB eils IS
Angular impulse is the change in angular momentum. A 331 uSley Ll @81 ool 3l @3- 31 k5 ool 31 84
negative impulse opposes positive angular momentum. i ws‘\” csll
St =lo; L= lw; tavgAt = Lf = Li
. . . !
Hoop (symmetry axis): | = mR? cylinder (symmetry axis): | = 7mR2

Solid sphere (diameter): | = %mkz

Rod (perpendicular, centre): | = ,Lzmlz; rod (perpendicular, end): | = éml2

Plate (perpendicular, centre): | = %m(lz + w?)

10 Practice Questions

18.1 Part 1: A thin hoop and a solid uniform cylinder each have mass 2.0 kg and radius 0.30 m. About their central
symmetry axes, find | and a under a net torque of 0.90 N m.

NmM0.90 Lass pie aic Qg I w1 s3S sall

18.2 A uniform solid sphere has mass 5.0 kg and radius 0.20 m. Find | about a diameter and torque needed for a =
3.0rad s,

. =30rad s72 gasy lajeg s Jo> [ asol .M 0.20 layhad anig Kg 5.0 giliS daliiie diaca 855

18.3 A uniform 3.0 kg rod is 2.0 m long. Find | about perpendicular axes through its centre and one end, then a for
4.0 N m about each axis.

333y ozially laas| iewbdll Jle asgac fygoee Joo Loz gl M 2.0 dgbog Kg 3.0 ailsS whaiia wapind
)9.‘>=AJSJ9.‘>NH14O P)&J(lfu;a)kdb
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18.4 A uniform rectangular plate has mass 6.0 kg and sides 0.40 m and 0.30 m. Find | about a perpendicular
central axis and a under 0.50 N m.

0.50 p3e aie Qg 3S3ally sl g3gae y9ma Jo> [ azol .M 0.309 M 0.40 olssyg kg 6.0 asliS plain Jobriua 729!
.Nm

18.5 A wheel has | = 0.50 kg m2. A driving torque of +4.0 N m and friction torque of —1.0 N m act. Find a and w after
2.0 s from rest.

95l 508 2.0 w2y Wo A azgl N 1.0— disiislg N1 4.0+ y50 aje lggle 13559 1= 0.50 kg M? il

18.6 Part 2: Define angular momentum about a fixed axis, write its equation and state its S| unit.
Adodl s gg adslen Sy wiuli oo Joo ol @33l Bye: SL 3l

18.7 Arotor with | = 0.60 kg m? rotates at +8.0 rad s™. Find L.
.L .\:>;_9i rad s 8.0+ dcyun Kg m? 0.60 03528 pic Euux y9iy

18.8 State the angular impulse—momentum theorem. A constant +3.0 N m torque acts for 2.0 s; find angular
impulse.
RIS XU REWWEN 203 Nm 3.0+ culs pie 338 ol il @3- 3lg o8l Lo ya S5
18.9 A body has initial L = +10 kg m2 s™*. An average torque of -2 N m acts for 3 s. Find final L and w if | = 2 kg m2.
[=2kg oS 13l we &gl L .\.}9? S35 NmM2— bhsgis ESORYIY kg m?s110+ %QIJ..‘Z.;' ég[_’) @3> e
.m?

18.10 A wheel with 1 = 0.40 kg m? slows from +12 to +3 rad s™* in 0.60 s. Find angular impulse and average torque.
Jwgiall a3ellg ég‘}” 28,1 ..\:>;9i .$0.60 Jus rad s 3+ S 12+ Y kg m? 0.40 ygad pic dxc LbLuJ

EXAM QUESTION 18 - ANSWERS
Rotational Dynamics & Angular Impulse

18.1 thoop = 2(0.30)* = 0.18 kg m?
leylinder = % x 2(0.30)% = 0.090 kg m?

090 _ .
ahoop = 007 - $.0 rad s
040 .
acylinder = 0.090 - 10 rad s

182 1 = % x 5.0 x 0.20° = 0.080 kg m?

T=1Ila=0.080x30=029Nwm

18.3 Icentre = % x 3 x22=1.0 kg m?

lend=éXBXZ2=¢l.0kgm2

acentre = 4.0 rad s% oend = 1.0 rad s?
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184 | = %(0.402 + 0.302) = 025 kg m*

0.50

= —_ = -2
07128 4.0 rad s

185tet = 4.0 — 1.0 = 3.0 N m

— 3‘0 —_ -2
o= <0 - 6.0 rad s

w=oat =12rad s

18.6 Angular momentum is moment of inertia times angular velocity: L = lw. Its unit is kg m* s
kg m? s wasgg L = W idgol3ll deyudl 3 yoadll pie wiyd Jol> golill @3]

187 L = lw = 0.60 x 8.0 = +4.8 kg m* s™'

18.8 TavgAt = AL: net angular impulse equals angular momentum change.
Jangular = 3.0 x 2.0 = +6.0 N m s
5ol @331 585 golugy Jammall 5ol 3l 81

189 LF = Li + At = 10 — 2(3) = +4 kg m? s7!

wf = i = +2 rad s
2
18.10 AL = I(wf — wi) = 0.90(3 -12) = -36 Nm s
-36 _
Tavg = m = 6.0 N m
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EXAM QUESTION 19 - QUICK REVISION
Linear Momentum & Impulse Calculations

8§JJ|9 L,hz” p.}).” OLlus

Learning Outcomes qls:l xilgs

1. Use p = mv to calculate momentum of different EEACEONFINEY] 3> Sl P =MV §otas
systems.

2. Apply impulse-momentum theorem and solve impulse 2 Blua Vo9 @3- 3lg 84l Lo yo Fudas
problems.

Quick Notes .l doMs

Choose a positive direction before substituting. Change in Solug @331 87 augedll 18 Corgall ool yus
momentum is final minus initial, including signs. : alylayl slelya o Slazdl a8l ilgd]

Use net average force for total momentum change; Jodlg ( JISI @331 g s dlasall 3ol brusgiia pasiil
separate contact force from weight when needed. ) dx ol ate o9l e Luaddl 33

p = mv; Zp = Imviy Jnet = pf — pi
m(vf = vi)

Fnet,avg = I

10 Practice Questions

19.1 A 1200 kg car travels at +15 m s™. Find its momentum.
lgasy A.?-gi .m st 15+ deyun KE 1200 8 ylew 2y

19.2 A 0.40 kg ball has momentum -6.0 kg m s™. Find its velocity.
lgic s 3>l kg M 871 6.0— @53 kg 0.40 5,3
19.3 Two objects have masses 2 kg and 4 kg and velocities +3 and -2 m s™. Find total momentum.

ﬁ' @31 Jq-gi .m st 2—93+ kalicywg kg4 kg 2 O LS

19.4 A 3.0 kg object changes velocity from +2 to +7 m s™. Find impulse and average net force over 0.50 s.
$0.50 JMs dlasall 858ll baugiag pdll axgl .M 8717+ | 2+ 0 KE 3.0 awes deyes i

19.5 A 0.20 kg ball moving at +12 m s™ rebounds at -8 m s™. Find impulse.
284l J.:>;9i .ms*!8— deyws M s112+ deyoun Ay <SS KE 0.20 8,8 w3
19.6 A +10 N net force acts on a 2.0 kg body for 0.60 s. Initial velocity is —1.0 m s™. Find final velocity.
adslgdl ..x:>;gi m s 1.0— &Slawdl aie s .S 0.60 3.4 kg 20 x> Lle N 10+ dlasa 548 4355
19.7 A5.0 kg body at +4.0 m s™ is stopped by a constant net force of —8.0 N. Find stopping time.
8g3l ya) .&q—gi N 8.0— duli dhoasa 89ay M S 4.0+ dic yu kg 5.0 > BB gy

19.8 A triangular net force pulse has base 0.10 s and peak +40 N. It acts on a stationary 0.50 kg cart. Find impulse
and final speed.

Algdl deyudls @8l s ol Kg 0.50 @Slus diye e 1385 N 40+ lgzado § 0.10 (gacls dslia dloma 558 &g
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19.9 Take upward as positive. A 0.50 kg ball falls at —4.0 m s™ and rebounds at +3.0 m s™ in 0.10 s. Find average
net force, then average floor force. Use g = 9.8 m s2.

bsgio a9l .8 0.10 M5 M 87 3.0+ de yuuy wiyig M S 4.0— deyuuy KZ 0.50 855 b Lnrgo LLeYl yoel
.£=9.8m s2 paSialg Ao 331 868 bsgia @ dlasall 348l
19.10 A 1000 kg car reduces speed from 20 to 8 m s™ under a net average braking force of magnitude 3000 N.
Find impulse and braking duration.

2SI yayg 2841 s> gl N 3000 laylata dawgie dasa xS 555 M S8 120 o kg 1000 8l deyeu &5
=Sl yeig 20 =S 120 ye Ja

EXAM QUESTION 19 - ANSWERS
Linear Momentum & Impulse Calculations

191 p = mv = 1200 x IS = +I8000 kg m s

:L:ﬂ:—— -l
19.2 v p 040 1S m s

19.3 ptotal = 2(3) + 4(-2) = -2 kg m s
1947 =3007-2) =+ISNs

Favg = % =+30 N

1957 = 0.20(-8 = 12) = =40 N s

196 J =10 x 060 = +6.0 N s
pf=pi+3=20-1) +6 =G kgms"
vf = % =+2ms’!
19.7 7 = 5.000 — 4.0) = -20 N s

=20

At=?.o=2.505

19.8J=é><0.10x4;0=+2.0Ns

199Ap = 0.50[3 — (-4)] = +35 N s
35
Fret = =50 = 35 N

N—mg = Fnet =N =35+49 =399 N

19.10 7 = 1000(8 — 20) = —12000 N s
-12000

At=W=Q‘05
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EXAM QUESTION 20 - QUICK REVISION
Conservation, Recoil & Collision Impulse

P.)La.::.” 2839 Sl g Laasl

Learning Outcomes qls:l xilgs
1. Explain and write the law of conservation of linear Loy auliSg Jasdl @330l Kas 4938 7 g
momentum.
2. Define a system and solve one-dimensional gd Loy alg amy 8 Baasdl Pluo (g pURL] oy yei
conservation problems, including recoil and space Slaall gdullg slasydl
propulsion. i
3. Apply the impulse—momentum theorem to relevant Aadyall Bluall e @5 3llg 8.l o y0 §udai
problems.

Quick Notes .l doMs

Begin with the combined system to conserve momentum, 13519 L yusl @ (@331 badsd S yall pladlly .yl
then isolate one object to calculate its impulse. a963 Ulowsd
State the frame used for each velocity. External impulse B g8s s g e deyu JS) e yall jbil sas
makes pf = pi + Jext. N .pf; pi + Jext .

Spi = 3pf (Jext = 0); Jobject = m(vf — vi)

10 Practice Questions

20.1 State linear momentum conservation and write its two-object equation with signed velocities.
Agllal ole yudl plasciuly fpawed adslon CaSly asdl @331 as 6318 (S3
20.2 A3 kg cart at +4 m s sticks to a stationary 1 kg cart. Find final velocity and impulse on each cart.

e IS 889 4l deyull an ol KE 1 &Sk dyy2 M7 A+ Lgic s KE 3 dyye gails

20.3 Carts of 2 kg and 3 kg approach at +6 and —2 m s™ and stick. Find common velocity and impulse on the 2 kg
cart.

ng@)sJI&QJ_gdS).‘.‘uAJ l&i.c.).aﬂ_\.?-gi.c)l.ma.‘.b" ""9m8_12—96+aﬁ:2.c.)4qu39kg2LA@.J_‘S"" oloye woyuss

20.4 A 4.0 kg launcher initially at rest fires a 0.020 kg projectile at +200 m s™ relative to the ground. Find recoil
velocity.

Sy e yas am ol Loy M Gy M ST 200+ e sy K 0.020 Bgidn KE 4.0 ailiS oSlus 8318 3llay

20.5 A stationary spacecraft ejects a 2 kg package at —30 m s™ relative to an inertial frame. The remaining
spacecraft mass is 300 kg. Find spacecraft velocity.

1ol Kg 300 ddczall 45 yall S | gy9.08 4l Zedbm 871 30— deyun KE 2 doj> diSl d3lod 4S50 BAES

20.6 A 1 kg cart initially at +8 m s™ hits a stationary cart of unknown mass. They stick and move at +2 m s™. Find
the unknown mass.

ASI oz ol M ST 2+ deyun oISyt olhaili ALSI @ggoe &S dymy M 8718+ (gic s KE 1 duse palas
A gg>all
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20.7 A 2 kg cart at +5 m s™ hits a stationary 3 kg cart. The first rebounds at -1 m s™. Find the second velocity and
the first cart’'s impulse.

Slodl edsg &Ll de yu ol s — ey So¥l Wiy kg 3 @wSle dyyey M 71 5+ lgie yuw KE 2 dyye PR

20.8 A 2 kg cart changes from +5 to -1 m s™ in a 0.030 s collision with another cart. Find the average contact force
on each; neglect other horizontal forces.

oMl 893 Jauwgio ax gl . gy3 e 205 0.030 wins paleas M5 M ST T— ] 5+ 0 KE 2 dyye de o 3o
53331 4831 godll Jaalg dogin JS e

20.9 A2 kg cart at +4 m s sticks to a stationary 2 kg cart. An external impulse of —=2 N s acts during the collision.
Find final common velocity.

20.10 Two initially stationary skaters of masses 50 kg and 75 kg push apart. The 50 kg skater moves at +3.0 m s™%,
Find the other velocity and both impulses.

333 degas amgl N ST 3.0+ deyan Jo¥ dymens KE 750 KE 50 laalilS g y331 laaus| Yol LSl ylodjia pda
lagia JS (e 284llg

EXAM QUESTION 20 - ANSWERS
Conservation, Recoil & Collision Impulse

20.1 With negligible external impulse, total momentum is constant:
mils + Mul; = M1V + MoV,

Ll IS @3 301 i sl @bl Jlaa] ae

_ 3x4 _ »
20.2vf—3—+,—+3ms

J,=33-4)=-3Ns

J,=1(3-0) =+3 Ns
20.3 Vf = 2(6) + 3(=2) =+.2wms"'
2+ 3

7 =202-6)=-96Ns

20.4 0 = 4.0v + 0.0200200)
4.0

= = - !
4.0 1.0 m s
205 0 = 300v + 2(-30)
—_ 60 - =1
v = 300 - +0.20 m s

206 1(8) = () + m)2
8=2+2m=wm=3 kg
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20.7 2(5) = 2(-1) + 3v,
12
Vo = =3 - +4 m s~
Ji=2(-1-5)=-12 N s
-2

20.8 F]_—’ m - "QOON
Fo = +400 N
209 pf = pi + Jext = 2(4) — 2 = 6 kg m s

—_ 6 - =1
vf = ) =+lSwms

20.10 0 = 50(3.0) + 7Svo=> vy = =20 m s™'
Jp=+ISONs; J, ==ISON s
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