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Ex: length (Jsk!)), mass (ALs),

K time (¢»J3) /

(Derived Quantities 4&idal) ‘3@

cilbpasl) AV e i) (e Al A g
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Ex: velocity (4 '), Force

k (3.54Y), work (Jal) )
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Physical Quantity

T

Base Quantity Derived Quantity
Base quantity Symbol SI unit CGS unit
Length Jd jh-“
Other names: L meter (m) Centimeter (cm)
Distance, width, D M
height, depth SFagiin
PR kilogram (kg) gram (g)
Mass m
— ploasls ploa
. il second (s) second (s)
Time t 4.\.1.,'—1.:'\ 4.\.1.,'—1.:'\
Derived Quantities
‘ Quantity H Definition H Formula H Units
length
Velocity distance v=dit time
de ) time B m/s, cm/s, km/h
Accelerati veloci length
Accdteration velodly —f, — v (tme)?
time m/s”, cm/s®, km/h?,
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Prefixes:

laline i 45 AalS Ayl 8 Ll Cag B30 (e s ahaile 5l 4alS (40 3 jle

Kilo (i) K 10°
Mega (@) M 10°
Giga (5») G 10°
Centi (i) c 102
Milli () m 103
Micro (s55) 1 10
Nano (+Y) n 107
Pico () p 10-12

saaa s g il Lpulu) il ) adaliall 028 (e sl Ciliai -]
3 0e 5oke s (Km) e SLSY Lpansi Baan Saa 5 Lskasy (m) i) 8285 ) (K) LS Alal vie Db
i) il
O sl Baaal) A8l AU Ky o3 e
1 km= 10’ m
AT Ja
1 cm (Uiie)=107m,  1kg(asiS)=10"g, , 1ns(3Susb)=10" s

Leslie Lia Sl (03 -2

lem=10"m 2 (1em)’ =107 )Y (m)’ > lem’=10°m’

1km=10m 2 1 km*=10°m* = 1km’ =10’ m?

Miad  Hlaia S dpalall @l jpeill 8 Lgaladind (Say -3
3560000000 m JS& Lo ails (Sa=d 3.56x 10° m

(G) 585 Jsaall (e 43w Ly (P10) Jaies
3.56x 10°m = 3.56 Gm= 3.56 gigameter
0.00000492 s = 4.92 x 10° s
=4.92 1 s =4.92 microsecond



bta Jﬁ sl
Scientific notation

Of (o 222 dpalal) Al o3a 3 yall a5 lan 5 sl slae W) UKD Qs (Apaled) LUSD ) o sgdall 128
Al gl Can ga Ll Gl 1310 8 (8 Lspiae 1051 (o sane 220 JSE Lo daall 138 (S

n

ax10
[€a<]0 dus sybe 22 g 5 wigsia e pdn
:JGa

1. 58?6 X 105\

ﬁ
4&41.&.“ 107 :
105 1 i Jseasa faia A 1l \ Gllu i i g0 s 3

Aaldl) 3y 2B Y (e 230 gl

S BE Ll s
3.8 x1000= 3.8 x 10° e JS5: 3800 )

-5
0,00006 = 6x107 _ . 1

How to Convert Decimal to Scientific Notation: a3 (calall pail) ) (5 dal) aaall Jygat A4S

sanll (e e Lgaazai Lild alials e (s ging W sl S 135 V) 8 arall 22ed) 8 ALaldl) aaza g ypaai -]
254879 =>» 254879,

gl (8 sllaall s abialdl) i 50 2125 -2

) ALaldll aia ge ) o sllaall ALaldll i s (e 2all -3

Adlis o HLEY) aaiai Hluall US a5 13) 5 doas 50 3 LY aacad (el US jas 13

10 of ) il aaall xd 3 -4

(1) Jue

65000000. & 65000000, = 65000000. 65x1gj
S T B

(3) To right

.0000987> .0000987 > .0000987- 9.87x10”

T (1) T (Z)T UI?-l?f.FJuT (4)
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8.790,000,000= 8.79x 10°
8.7900.0000,0,

8.790000000 o 1 2 3456 7 8 9
32,500= 3.25x 10* 3.2500 5 2599
000458
000458 = 4.58 x 10 000498 | ™ AR
' 4 321

.00004945= 0000
5

4945 =4945x10°
43 21

How to Convert Scientific Notation to Decimal: &8 s 1) alad) el aae st A

Ca le Lemai Wild aliald e (g ging Y doal) (IS 13) 5 JIgud) (8 amal) 202l 8 ALaldll aia g0 aa3 -]
JAaal|

Onall &l jat alalall d L g 5 LEY] CulS 13)
aall a5 alialil) ol 4l 5 LEY) S 13)

1.4958x 10°= 1.495800, = 1,495,800

123456
5x10°= 5,0,0,000000 =500,000,000
12345678
8.2x 107 = 0,0.0,0,0,0,8,2 = .00000082
76543371
7 x103= . 00,7. = 007

9.87x 105 = 98,7,0,0.0, = 987,000
1
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0,00 =9.243x 106

9,243,000 = 9.24,3,
12345
124 = (1.24)(100) = 1.24 x 107 0.000 000 000 0436 = 4.36 x 107"
93000000 =9.3 x 107 4.2 x 107 = 0.000 000 42
3.6 x 10°= 3600000000000 0.000 000 005 78 =5.78 x 10~

General Rule

(10™)x@o")=10'"m*" (10 x (10%)=10°
(a x 10%)(b x 10") = ab x 10** (5.0 x 10%) x (3.0 x 107¢) = 1.5 x 10~*
10% (x_ 10+7 10+7
- = y) _ +5 _ +9
oy — 10 oz = 107, 5 =10
(10%)Y = 10*Y (10%)* =10°®
Change units
) g o gbeadt Claa gl G Apadll ¢ Eua Conversion factordisaill Jalaa (pame Lay daad) co pad cilas gl) Jy 2 sic

“ia

1 cm=10"m

. 1cm 1072 m
Conversion factor= ——= =1
107“m 1cm

Jagadl) Jalra 2aad Jgead) (A pthiall G o
EX.(1) 5cm=7???? m EX.(2) 5 m=7???? cm

A.5cmx5x10'2m A.5mx5x1o*2m
¥ P,

Conversion factor to convert
cmtom

Conversion factor to convert
mtocm

EX.(3) 6 km/h% = ....uveunnee. m/s>
A.

lkm=10°m, 1h=3600s

m Y km digadl Jagadll Jalaa

| km|

km| (103m 1 h?2 -4 2
6 X X [—— )= 4.6x10 m/s
h2 1 km (3600)2s2 /

s? Y h*dasadl dasadll Jalaa




CHAPTER(2)

Motion along a Straight Line
()9 5 gima o )asiiun i 84S o)

Position:

Al ) Ao g La) @S5 O S Al T pgaal) AN dde g5 JuaY) Al Ay ausl) pudaga 52

positive direction
neggliﬂ.- direction “ ) . f”A 4< J;ﬂ.M A Al *f""'m ul:uSS\ aa)
(oLl g J)iha Lgd Aalia 4249) displacement 4a)j¥) -1
A . (oLl J)aha Led Ania 4aS) velocity 4l -2
! | (oLl J)ada Lgd 4nda 42aS) acceleration g bdll -3

Xx=-2 x=3

Displacement :

e

magnitude

T

Ax = change position = X, — Xinitial

s5ense
4
— initjal Displacement is a vector quantity it has both magnitude and direction
RO oladl 5 Hlada Led aatia 4peS dal 5Y)
- direction
Ax = 3)
V"¢
/ direction magnitude
Ui s Akl adas ) aglad) 30 (ya olas¥) 2any ALl 5 Alall ALy Adluall
sy Hsma e 48 pall culS 13 5 LaYL slas) [ }

+-)positive direction(to right)

==>negative direction(to left)

Positive direction

Negati\,:; Airﬁtc tion
! ! ! L L 1 L x(m)
-3 2 -1 D0 1 2 3
k Origin—/ /
Position X X
Displacement Ax = x; — x;
Average Velocity o = Ax Velocity o dx
wI At T dt
x A1 5 Sl
Average acceleration Av Acceleration dv d?x
aan = Ag a=—= _Z
At dt dt
X AN AN il o) p ds pull Jg¥) Jualdat)




/Ve@y (Unit: li?izh' m/s, km/h)

d—\;i_‘h;lj el .1 3 S s
=¥ Averageibu siall 4yl Instantaneousisball) Ac yud)
—— — —r/R\— —

/ ’_AVeEge Velo_citv = \ / Average Spee-a N Tnstantaneous Velocity y /Instantaneous Speedy

| olad) g ,laay daal 11 b8l j)a8ay daad | I(()r Velocity)sails i ans | | (or Speed)hié Jlsie uas |
I change position 1 | S e Total distance I | B dx | I S — |U| |
| Yavg = “time interval | I w9 " totaltime | I V= dt | I a |
I v = Ax_ XX , s = Xtot I , I ,
avg — E_ te—t a9 At i 4 % a 4 a
| / I 1 Xt Xyt X3 | ! Udi;ct@ gn.itude I v A';J"""ﬂ 4alhal) 4"‘:"“‘ |
i+t +t3.... ! Jeal) ) = el ) elad¥) a3 gl § )
I t; t I ( -, ) (el I | I
I Um,gdirict@ nitude tl »> t2 tg »> t4 l I \
2 €time interval = totaltime 2 \ l ~ - 7/
\ St—tzt b - s mm -_— . .. .. _-— . - L ]
e e a-m = . J|M|4§Hu+—h‘.“¥3
Ay A Gadl Udss) 13 DAttt
dal)) g8 A el Ulss] 131=p At=t +t 4ttty
g .. leggth
Accel ation (Unlt: tim‘qez ,m/s?, km/hz)

/ Average acceleration y / Instantaneous acceleration (or acceleration)\

| (oladly )aBay 2aal) I I (oladly )aBay 2aal) |

| _ change velocity I dv d%*x a= I

Qavg = ime interval I a= a = de2 directizn Tagnitude

| I | (Shd) 1) - comall A1) olad) aas qeildl 5 Ly |

| o, =%2= :f::’ I | If v,a have the same sign (+/+ or -/-)Pspeed increase |

I i | 2 3 eyl (8 4giliia g il 5 de ) 5 La) calS 13 |

Aavg — @ I If v, a have different si -or-
. , gn (+/- or -/+)=>»speed decrease
\ direction magnitude / \ Ll Aoyl s Adlide &l 5 de yudl 5 ,LE) S 13 !
} g ol bl )



(<ol &,Lwin) puiious s 9 aS,=d|

A
Constant Acc;eleration

Sl ey 4885 48 ) (AN o ghaad) )eulh £y dua guadl 48 o

iU gl AeM Lagee a5l & Al Ladi

5 BLe e aa ABEY) AS jal) oyl 9B Ll ) S A gand) AS jal) e alee 441
+ AU N alaal)

Yo X Jssial 1

—

Free-Fall Acceleratio

l-v=vy+ at T8 g s 0 sy g al Padu - 2
2-x — X9 = Vot +1at? 1-v=v,— gt
3-v2=v3+2alx—xp) 2-y — yo = vot — 1 gt?
4-x—x0=% (v+vg)t 3-v% = v5 — 2 9(y —¥o)

5-x — xo = vt —  at? 4-y—y0=% (V+vy)t

— 1 2
5-y —Yyo=vt+;gt
(4959 & ) )V is the initial velocity
(gl 4o udl) D is the final velocity
()] A is the acceleration g=9.8 m/s’

(Aa13¥ X is displacement
QJM) t is time /

B Siall pUadY) (ol el g AGila <l j8 8 Lgiua Al aiil) addied ¥ g Jah cillanal) aladialy Ldat o) A8y jha Juadild Jileaal) o3 Jia Ja die: A3adla

da die gl b S dad oo e die rdliadl
BLEY) sy Al aual LS (Jilusal)




Maximum height
a=-938

Drop, Fall ki

e s e -y
g y-> () 'y () i
| a=-g=-9.8 i i a=-g=-98 |
Upward (+) § . Downward (-) |
i i Throw <l i ;
! . i Rise  adix i i
g Gasiiesdy, = +No. @ v =—No. @i |
YN
a = —g = —9.8 always at any point above the ground
oY) g8 Akl o Mo (2=-9.8) Anl dad Laila g jlual
How Long . u-‘J StonD ved If the particle starts its motion from the rest, that means the initial
How high gL opT V= speed is zero

How far

i Sa (s gbed 410N die i G ¢ (the rest )GsSead) (s 43S A amal) £313)
How fast 4e




CHAPTER(3) Vectors(=i:)

Physical Quantities (4t il <iasl))

Vector quantities

magnitude and direction
sladl g lata Lgd
Clgaiall 4ald g pan o) 6 L]

Exp. Displacement, Velocity,

Acceleration
(el s Jlate) au s daiall Jiiad Sy g

\Z
°

A
A~ direction= 45"

A

Scalar Quantities

Magnitude
lash ada Lgd
ggd\.a_“a._\).-.'al\j@#\ Jc\ﬁ@ﬁ

Exp. Pressure , Temperature ,
Distance, speed etc.

The magnitude of a vector can be
never negative

=» The magnitude is always positive




thpmg'i 6ectors Geometrically

Lisdia Cilgaiall aes

b

(J¥]

atb vectorsum: I'= d+ b

Properties of vector addition:

— — — =
1- Commutative law: 4 + B = B + A

— — = — R —
2- Associative law: ( A -+ B) - C =/ + (B =+ C )

—_ —_
3- The negative vector of vector Ais denoted by vector — A and is a
—_

vector with the same magnitude as of vector A But with exactly
opposite direction.

N
4- Vectors Subtraction: d = @

Addition of vectors(<lgaiadl (7 k)aad)

Adding Vectors Analytically

Ll Gilgaiall aes

F=d+th
a, i+ a, j+ a, k
T T T
b, i+ by, j+ b, k

N

=T, i+ T, j+ 1, k

Tr
Ir| =r = /rx2+ry2, 0=tan‘1r—y
X

Vector addition

A+B :(A"Ix_ B.\') i+ (A}' + B\) .] + (A: s Bi) 'k

Vector subtraction

A-B=4\-B)i+(4,-B)j+4--B)k




Components of a Two dimensional vector: A
. gy ? A
a, and ay are called the components of vector a < >lc
Resolving Vectors= 435S s ) 4aiall Julai dlee caud °© 7
=348
s +

To resolve two dimensional vector: i

a, is a vector along x-axis

x-component of vector a

a, =a cos@
a is the magnitude of vector d(4siel 4ad
0 is the angle made by the vector with x axes

(casall T gnaganiall (s geanall 4 3l

. [

Unit vectors |
Magnitude direction I
1 i =P X-axis I

1 j =»y-axis I

1 k =»z-axis i

a,= - a cos0;4

a,=+asin B,
|

A

a,=+ a cosB;
a,=+ a sinB;
w

+x

a,=-acosB:
a,=-asinB; ¥
¥

T Ed
"

a=+acosBy
a,= - asin B4

i y-component of vector d

a, =a sin@

y

a is the magnitude of vector d(4siel 4ad
r 0 is the angle made by the vector with x axes

(casal T gnaganiall (s geanall 4yl 3l
ay is a vector along y-axis

rsin g

1AL dale B ) guaay Jalatl) AUS Sy g
Jia () gf qagall) T g ca Ay il g B psiual) Ay g) 30 s - |

911 e2, 931 e4

=a sin@

a, =a coso, a,

(M“;LAS)EJQSS‘;M‘éy%&sjﬁgsﬂJJu‘sJui&bJ—3

; I
Of s alal) Jaladl) 448 -2

L——————————————————————————_



How to express vectors? <lgaiall oo ymicds
//\

1 k =¥z-axis

e oL — T
& -‘J o o . .
“Unit vectors notation Magnitude-angle notation
g I I
d=a,it ayj al, 8
| gl | 8 A .
a;=+3 a,=-2 Lilé @ sladly @ ldla b s o anial) e 1) 1%
A O B=-4i+3j A A= 243 i ) ’ X 60 =tan " —
a=+3i—-2j 3“ allas ‘ .
a,=-4 ay=-1 —EE—, G Z @ cose e alsoal) Bl gy el
G=—4i— j 5 ,hﬁ,y,mu Al s o 491 3 Gl
C=-4i-5] | D= 2i-5j Pl alatediy Al oSG o 0es
4 a=acosO i+ asinf j
a=a,i+ a,j
era b=-4 cos30=2v3 +y 3=+ 4 cos30=2v3 g = [T counter clockwise
' iR b,=+4sin30=2 . a,=+4sin30=2 — clockwise
C=-4i| a=+4j b= -23i + 2 a=2v3i + 2] delall cjlie uSet
Ol e wa| 4 Aol o e e -
3030
d=-4i K - = tx Y
: 3?/4 ; in a, - T Exii'
‘ ¢,=- 4 cos30=2v3 d=+4 cos30=2v3 ay >+ ay P+
Unit vectors c,=- 4sin30=2 ¥ dy=-45in30=2 } {2) (1) X
¢=-2v3i -2j Y d=+2v3i-2j % >
Magnitude direction axz' a P>+
5 " a - -
i =P x-axis v >
. w [3] w {4]
j =P y-axis -y




Glgaiall @ paProduct of Vectors :
//\

Exp.d=3i+4j
b=2d=6i+8j

|b| = |2al = /62 + 82

\

J

Scalar (dot) Product _..--

ﬁl_f = |al.|b| cos ¢

2-d-b=a.b,+ ayb, + a,b,

3-a-b="b-a
4-i-i=j-j=k-k=1
1=04ldka Glgatiall
i-j=j-k=k-i=0
0=CMla Glgaiall

@a x b = |al.|b|sin ¢
¢ is perpendicular to both @ and b
()

axb

=
« ol ) Bac 1 aladiudy olay) as

+i —j +k
2-Z"=Zi><5= a, a, a,
b, b
3dxb=-b x d
4-iXi=jxj=kxk=0
0=0lgliia gl
BLAY) 5 Gl daiali=gjlilida (jlgaial)
aal) ) Basld A
ijk—-(+)kji—- ()
Exp.jxk=+i, k X j= —i

5-¢=0 > dxb=0
Sl e lgaial
— o0 = h _
¢ =90 —>|a><b|max—|a||b|

Oldalada lgadial)

\_ _




CHAPTER@) Motion in Two and Three Dimensions

1D

23D

1-Position

In x-axis 9@x
In y-axis =2y
In z-axis =2z

Position vector: (1)
r=xi+yj+zk

2-Displacement

Ax = x, — xq

Ay = y2 —¥y1
Az = z,— 2,

Ar=1r,—1ry
Ar=Axi+Ayj+Azk

3-Velocity:

Velocity Vector

-Average A o, _Ar_T2mm
: X W At At
Velocity avg = 77 _Ax s Ay N Az
; L
- i x T x z
Velocity . i ol B A B
dt dt dt dt dt
dr . .
v =E=vxl+vy]+vzk
The direction of v of a particle is always
tangent to the particle’s path at the
particle’s position.
4- Acceleration
Av ry—r Ax , Ay . Az
Average. a,. _Av_ Ax aa”9=E=(2At)zI=Fl+F]+Fk
acceleration: 9 At (At)?
Acceleration dv _dv, dv, dv,

dv d?%x

=2t A

j k
a l+dt]+

~dt dt dt

d*’r d*x d’y d’z

a=qez - ae'ttae! T ae

k

Magnitude &

vi=v= /sz +V,°

circular Motion

Direction 4 @ ,
direction magnitude Yy
0 =tan™" —
Vi
6-Uniform _
/" 7 =(ir) (mag)
variable (tangent onst. (speed=|v|)

a = (dir.) (mag)

variable (inward) ) _
Const. (@ = r)

Circumference(distance) 2mr

Period=T =

speed [v|




Projectiles<ié sidall

1D 2D
Const. acceleration Free Falling Projectile motion
Gl £l 4,88Y) 45 jal) Sl @ jledly g3 gand) 48 ol Vg = Vgl + Vg j a= ayi+ ay
Horizontal motion(x-axis) Vertical motion(y-axis) Horizontal motion Vertical motion
l-v=vy+ at l-v=vy9— gt a, =0, vg,=vycosh ay, = —g, Vgy=VgSinb,
2-x — xg = Vot +1at? 2-y — yo = vot — 1 gt? 1- v, = Vg, 1-v, =vg, — gt
3-v2 = v+ 2 a(x — xg) 3-v2=v5 29— ¥o) 2- X = Vgt 2-y = vyt — ; gt*

1 1 )
4-x—x9= 5 (W+vg)t 4-y—yo=5; (W+vo)t 3-vy = Vg, — 2 gy
5-x — xg = vt — % at? Horizontal range (R)= Maximum height (H)

z v, sin O¢)?
R = %sin 200 H = %
el s Al Jaly A4S a .
%k ®r =0 — Maximum range ,where v, =0
yo®|  |y-o By = 45" D Ry = 22
Upward {+) Downward (-) Y3
g, _,
Yo~V Sv=--No %.x’%vm n B &
v:\ : vx:vax >
R v
V=V,




Problems:

1-

A particle goes from z = —2m, y = 3m, r = 1mtocr =3m, y = —1m, 2 = 4m. Its
displacement is:
A, (Im)i+(2m)j+ (5m)k
B. (5 111_}5 — {4dm) ] + (3m) k
C. —(5m)i—(dm)j — (3m)k
D. —(Im)i—(2m)] — (5m)k
E. —(5m)i—(2m)i+(3m)k
ans: B
A stone thrown from the top of a tall building follows a path that is:

circular

made of two straight line segments
hyperbolic

parabolic

a straight line

0w

ans: D
A stone is thrown horizontally and follows the path XYZ shown. The direction of the acceler-
ation of the stone at point Y is:

- —

r -
x T

ci=Rol=TFS
VAN

horizontal

A large cannon is fired from ground level over level ground at an angle of 30° above the
horizontal. The muzzle speed is 980 m/s. Neglecting air resistance, the projectile will travel
what horizontal distance hefore striking the ground?

A 43km
B. &85km
C. 43km
D. 85km
E. 170km
ans: D

A projectile is fired from ground level over level ground with an initial velocity that has a
vertical component of 20m/s and a horizontal component of 30 m/s. Using g = 10 111_,-”5'2, the
distance from launching to landing points is:

10m

60m

30m

120m

180m

ans: D

MO Qe

[ 24

LIR AN
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An object, tied to a string, moves in a circle at constant speed on a horizontal surface as shown.
The direction of the displacement of this object, as it travels from W to X is:

-

—
e -
/ W \\ A
\4 +7 B <
R i
- D, A
Y p
—— /,/1 E. L//
g ans: K

A toy racing car moves with constant speed around the circle shown below. When it is at point
A its coordinates are + = 0, y = 3m and its velocity is (6m/s)i. When it is at point B its
velocity and acceleration are:

A. —(6m/s)j and (12 mfs?) i, respectively
B. (6 m;"s)i and —(12 m_;’sz) i, respectively
- C. (6m/s)j and (12 nlfs?) i. respectively
D. (6 m;’sji and (2m/s”)j, respectively
E. (6m/s)j and 0, respectively

| ans: C
An object is moving on a circular path of radius = meters at a constant speed of 1.0m/s. The
time required for one revolution is:

A, 2/n%s
B. 72/2s
C. 7m/2s
D. 72/4
E. 2/7s
ans: B

A particle moves at constant speed in a circular path. The instantaneous velocity and instan-
taneous acceleration vectors are:

both tangent to the circular path

both perpendicular to the circular path
perpendicular to each other

opposite to each other

none of the above

0w

ans: C
A car rounds a 20-m radius curve at 10 m/s. The magnitude of its acceleration is:

A0
B. 0.20m/s>

C. 5.0m/ s>

D. 40m/ 52

E. 400m/ 52
ans: C

[ 24

LIR AN
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Notes CH.(5): Force and Motion I (i)

Newton s laws

—
/ Newton’s 1° law \ / Newton’s 2" law \ / Newton s 3" law \

Free =0 Fret = =XF =m a Foction = — Freactlon
D F, =0, YF, =0 (equal in magnitudes and
Yy = =
Fretx Fy may opposite in directions)
LGJ u'mJ equilibrium) ¢33 s b 4l sl G _ _
) ( i le).: j.—l:ﬁ ‘?A . . }:U Fnet,y B Fy - m ay |Faction| = |Freaction|
(Sl pusnl) -1 - .
b= 0 o) G Ladls ¢ lusdl o1l F F 4
] 9 a = O - .
- - L;ﬂ‘ 1
>3 v =Constant net
F2 - = F1 ol S Al -3 \ /
S = Lk (558 40 ganae
Fl —Fz =0 \ /
The force is vector quantity, has both magnitude and direction : ddll
oLy jdie Wb dgomis 805 344l The unit of force is the Newton (N). 1 N = 1 kg m/s’

[F(N)=m(kg) x a (m/s’)]

A mass is scalar quantity il 35 1S The unit of weight is Newton (N)

RETVRU B S ACPR -GS VIO P FIUEWHEREJ SRR W W[ = |Fg|
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Exp. (1): Three forces act on a particle of mass (m): F_1> =80i+60j and F_2>=4Oi+100j. If the particle moves with constant speed of 4m/s. then F_3> is
(a) 80i+60j (b) 80i-60j (c) -80i+60j (d)-120i -160j

Solution:

v= constant = a=0 = l_fnet =0

F_1>+ F_2> + F_3> =0

PF=-F-F,
= - (80i+60j) — (40i+100j)=(-80-40)i + (-60-100)j
= -120i -160j

Exp. (2): Two forces Fl) =20i (N) and F; =48j (N) are applied to move a 2 kg box. Find the magnitude and direction of the acceleration.
Solution:
Foo=ma 2 F+F,=ma
20i+48j=2a = a= 10i+24j

The magnitude of a =|a| = \faZ + a% =V10? + 24%=26 m/s’
The direction ofa =» 6 =tan™?! Z—y
12670

10

= tan

Exp. (3): Only two Forces are acting on a particle of mass 2 kg that moves with an acceleration of 3m/s” in the positive direction of y- axis. If
F_1> = 8i (N), the magnitude of F_2> is
(a) 12N (b) 10N (c) 17N (d)I5N
Solution:
m=2kg, a=3j , F;=8i, F,=72??
Fi+F,=ma
8i+ F,=2x3j
F, = -8i +6j
|F,| = V82 + 62=10N
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Exp. (4): Two forces act upon a 5.0 kg box. One of the forces is F, = (6.0 i + 8.0j) N. If the box moves at a constant velocity of (1.6 i+1.2

j) m/s , what is the second force?
Solution:

V= constant = a=0
F,+F,=0 > F/ =-F, =-60i-80j

Exp. (5):There are three forces on the 2 kg box shown in the figure. If the box moves with constant acceleration d = 3i — 4j. Find F;

. F5=30N
F,=20N & F, = 20i
F,=30N, 0=30 30N~ Fi=20N
Fyy = - 30 cos(30) = -26, F,, =30sin(30)=15 & F, = —26i + 15j
YF=ma Fs
F,+FE +F=md
(20i) + (—26i +_}5j)+E’ =2 x (3i — 4j) P3N LR,
(—6i + 15j) + F; = (6i — 8))
F, = (6i — 8)) - (—6i + 15)) = (12i — 23j) 300 fa=20N
|F3] = V122 + 232=26 N Fax
0 = tan~! 2= tan~123- Fs
3x 12

Exp. (6): A force accelerates a Skg particle from rest to a speed of 12 m/s in 4s. What is the magnitude of this force?
Solution:

m= 5kg, vo= 0 (rest), v=12 m/s, t=4s, F=77?
3 sl Al (SU g ) 818 addu
F=mxa

’d\w\@ihﬁt)w\uug}
Gl e Hlaall ) oS Ladie AS Hall S alas pladinly g bl dad aa g3 @l
v=vo+at=>12=0+ax (4)
a=12/4=3 m/s’
Sl
F=ma=5x3=15N
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AV Ag Al
Up: y-axis I Cpaall 48 jal)
LFx =0 Right:+x-axis
LFy= +No. ZF; =+No.
LF,=10
Alide o 5l (Sl —
P Stationary/ v:const. .
-X¢ F, =0 > +X
' XF=0
Joll 48
left: -x-axis
LF, =-No. Jlu 48 jall
LF,=0 Down: - y-axis
l LF; =0
LF,=-No.

_v“'

Exp. (7):In which figure of the following the particle moves up if it starts from rest?

(a) (b)

46N 8N
6N 1 3N 5N [ 1 oSN

2N 3N
YaN 4N

Solution:

Up= + y-axis = ZF =0, XF,= + NO.

(a) (b)

YF, =3-6=-3 2F, =5-5=0

2F,= 6-2-4=0 2F,= 8-3-4=+1

©

3N

1K1Y
V4N

©
YF, =3-3=0
YF,= 5-1-4=0

Y

(d)
“7Nﬂ
2N [ 3N
13ng
Y4aN9|
(d)
YF, =3-2=+1

SF,= 7-3-4=0
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Exp. (8):In which figure of the following the y-component of the net Force is zero?
(@) (b) (© (d)
16N 6N 15N 7N
2 I . L 2N 3N 2N [—] 3N 2N 3N
42N 3N 42N 2N
14N aN 14N aN
Solution:
2F,=0.
(a) (b) (© (d)
YF,=6-2-4=0 YF= 6-3-4=-1 YF=5-2-4=-1 YF=7-2-4=+1
Exp. (9): In which figure of the following the particle moves with constant velocity?
(a) (b) (©) (d)
16N 6N 5N N
23 i L 2N 3N 3N 3N 2N 3N
3N 1N 2N
14N aN aN 4N
Solution:
v= constant = a=0 =>» XF, =0, ZF=0.
(a) (b) (© (d)
YF, =3-2=+1 YF, =3-2=-1 ¥F, =3-3=0 YF, =3-2=1
YF,=6-2-4=0 YF= 6-3-4=-1 YF,=5-1-4=0 YF=7-2-4=+1
Exp. (10):In the figure the net force on the block is:
(a) 1N-right (b) 6N- up (c)2N - left (d) 4N- down 46N
Solution: 2N [ 3N
YF, =3-2=+1 (+ x-axis = to right) B !
2F,= 6-2-4=0 42N

Y4N
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@ Gero | cdown)
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Net Acceleration (motlon d"ectlon)
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Horizontal ] Hangs GBlae Sliding S
Vertically Simle Elevator . Prevent &
Coefficient Jabaa Rough O Gravitational A Y il
Kinetic Sl smooth pels Frictional Asiay)
Stationary Sk Stand ) Floor =Y
Static Sl massless Gosd ol frictionless AKiaY) aae
pulley 5 S pull — push &y

-F, cosB

A 4
'\K E. sing.
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TS S Y ST S ST

'y , -F, 5in8,

» X

¥

i-F5 sinBg




Fs sing,]
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-F¢ cosB,

0 -F; sinB,
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Cord- rope- cable
anall e 3y Lala Lealal*

Saa e Ll T

/ (Friction)dliaY) 5 g3 \

chall Lgdd e Al sl %

A< il
ZLS‘PJ\ oladl uSe Lealan)*
F= 24 FN,
g Al slas) R ¢
Alsiay) 5 68
(F)
A 7 LSS y
Motion
3"‘1 (@)
F

Motion

Motion (a)

/ﬁormal force)dua gand) Sm

0555 A plaa¥l e it

Aaled) Jlaa)

SV s mhandl e 43 sae Lealasi*
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Fn
e
N
Fa
—
F

S Ty,
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(gravitational force)
vl G Y1l (e A3 3 81 oak
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i Laila Lealasi*
Fe=mg

'/A’I:L/H
IFg=mg
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Exp. (11):




Gl d slia

14

Exp. (12):There are three forces on the 2 kg box shown in the figure. If the box moves with constant acceleration @ = 3i — 4j. Find F:.;.(
compare solution with Exp. (5))
For x-axis:
F>=30N . F F,=30N

2F,=m a, ? & :
Fix + Fox + F5x = m a 30°y 1 F1=20N 30°Y" 1 Fi1=20N
20 -30 cos(30) + F5x =2 x (3) Fax i

F;=12N . -

X F

For y-axis: Fs ’

2F,=ma,
Fly + F2y + F_o,y =m ay
0+ 30sin(30) + F3y =2 x (-4)
F3,=-23 N
Exp. (13): Sample problem (5-1) P. 93:
(a) (b) (c)

___Flp Fz ~ F')1 F2
L M e A e ————
F, - - Fy
FBD . — X D F2 Fy
> +X .
F, F; cos@
FBD N +X
=F3 sinB F3
X-axis X-axis X-axis
F, =ma, F, -F,=ma, + F3 cos (30) — F,=ma,
2
= = 2= F1-F2 4-2 F3 cos (30) - F2 1cos30-2

ay = Fi/m = 4/0.2= 20 m/s _ ¢ ) _ =10 m/s> = ( (30)-F2) _ - 57

The force accelerates the puck in
the positive direction of the x-axis

X m 0.2

The force accelerates the puck in
the positive direction of the x-axis

) m 0.2
m/s
The force accelerates the puck in the
negative direction of the x-axis
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Exp. (14): As shown in the figure (1), a force of 45 N is applied to move a 4 kg box
up an inclined plane. If the box starts from rest, find its speed after 2 s. Calculate the
normal force, Fx.

Solution:
F=45N, m=4kg, Vo =0, t=2s (a)v=?? (b) Fy=?7?
A< Al e (e de puadl e
v=Vy +at =21
: SIS AS Al (5 s (il 8 adio g ol Aad sy
((2) JSa 3 LS)(3 gl 5 sl adall 5 58) 5 yaU yuall s (dall 5 58)5 allall (s il Jiiai -1
35‘);5‘ blA_B\J Jju‘ Adan -2
((3) ISl & LeS) LS ja () (2l 3 58) alilal) (5 s8l) JIni -3
st Ol 8 aladinly A4S all ¥ alee QIS5 -4
(x-axis)=» mgsin@—F=-ma >2
(y-axis)=» Fy-mgcos =0 =3
Y saleall (e &)L..ul\ dad ol
From (2) 4x9.8 sin(50) —45=-4xa = a=3.74 m/s’
Aol ol 1 28 Aalaall b g ol
v=3.74x2=7.5m/s

(b) from (3) Fy=mg cosB =4x9.8 cos(50)=25.2N
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Exp. (15): As shown in the figure (1), a force F (makes an angle of 20 ) is applied to move a 4 kg
box up an inclined plane. If the box moves with constant velocity, find the normal force, Fx.

(1) Jsa

Solution:
F=??, ¢=20°, m=4kg,  Fy=??
V= constant =» a=0
;L“;L"AISZ\SJJ CA el Qy\ﬁaqsﬁwd@a}ad\zjﬂ\wa@}!}
((2) IS & LS)(3 sl 5 58l adall 5 58) 5,00 il s (adall 5 58)s_allall (s ) e -1
35‘);5‘ blA_B‘J ‘)Ju‘ sy -9
((3) JSal) 8 WaS) LeilS pa ) (a8l 368 — dall 3 8) alilall (g 8l s -3 6500
O gt 058 aladinly A Al Y alee iESH -4 d&'ﬁ\ﬁ
(x-axis)=» mg sin® —F cosp =0 =>1 (2) iy @
(y-axis)=> Fsing + Fy-mgcos® =0 =2 = E sind \ "
(1) s Asbeal) 3 (g sl 13 pball 5 8 i loom i 43 gaed) 5 580 Al lasn) i BRI a4y
From (1)
4x9.8x sin (50)- F cos(20)=0 =» F=32N
Faa sanll 5l Clual 2 a8 Aslaall 3 g gall
From (2)
32 x sin (20) + Fy - 4x9.8x cos (50)=0 =» Fy=14.3N
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Exp. (16): A block of mass my is placed on a frictionless inclined plane. This plane is angled 0 degrees above horizontal. The block is connected by an
ideal, massless cord and frictionless, massless pulley to a second block of mass mg which hangs vertically near the end of the inclined plane. Write the

motion equations If (1) block A and B are stationary (2) Block B moves down  (3) Block B moves up
S ) S 1Y) (1) diuY & A%y (B) awadl S 131 (2) Y d Al (B) pwadl Gl 13 (3)
y/ e 45 Al slast
n _ﬂ/ L_
y a
(S
1
+a
'FgB
For ma:(x-axis)=» T —mj, gsin 6 =0 For ma:(x-axis)=» T—mj gsin® =m, a For ma:(x-axis)=» T —mj, gsin® =-m, a
(y-axis)=» Fy\-mpygcos©=0 (y-axis)=» Fy-mpy g cos =0 (y-axis)=» Fy-mpy g cosB=0
For mg: (y-axis)=» T—m;g g=0 For mg: (y-axis)= T—mg g=-mg a For mg: (y-axis)= T—mg g=+ mg a
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. ~ 30 07 T.sin 20 # T. sin 30

Exp. (17): The mass M of the suspended block in \\;\ 1/ ? !

the figure 50kg, and the mass is in equilibrium. £ : 30 30

What are the tension T; and T, M o T

-T, €05 20'2 39 H___aﬂo___f T, cos 30
(x-axis) = T, cos 30 - T, cos 20=0 M
I

(y-axis) T, sin 30 + T, sin 20- Mg =0 N}g
Exp. (18): A traffic light weighing 1.00 x10* N hangs from a vertical cable Exp. (19): Two objects of mass m; and my, with m, > m;, are
tied to two other cables that are fastened to a support, as in Figure . The upper connected by a light, inextensible cord and hung over a
cables make angles of 6; = 39.0° and 6, = 51.0° with the horizontal. Find the frictionless pulley, as in Figure. Both cord and pulley have
tension in each of the three cables. negligible mass. Find the magnitude of the acceleration of the

system and the tension in the cord.

T4

x m,

a filg

—r = wn .
a) 1 g

Mo iy
I ng'

{a) (h) {c) {a) (b)
From Fig. (b): Ts- F =0 From Fig. (b): (only y-axis)
From Fig. (C): (x-axis) =» T,cos 0, - T, cos 6, =0 Formi=2T-mg=+mya
(y-axis) =»T;sin 0; + T, sin 6,- T3 =0 For m;=T-mg =-mya

=
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Exp. (20): block of mass m; rests on a table and is attached by a string that runs over a frictionless, massless pulley, to a second block of mass m; (see
figure). The blocks are at rest. What is the tension T in the string?

OSba Y1 aad) S 13 JA ALY anal) g cprasd) ) ey J ¥ amad) oS 13)
ga = d FN xgs = 3 e = @
T o —> FN

Fg

F
l;_J;_.... d 9

: g [

For m;: (x-axis)=» T=0 For my: (x-axis)=» T=+m; a

(y-axis)=>» F\-m; g =0 (y-axis)=>» F\-m; g =0

For m,: (y-axis)®» T-m, g=0 For my: (y-axis)=» T-m, g =-+m, a
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Exp. (21): Sample problem (5-5) P. 101:

) Jse 1

JSaN 3 L) (A genll 8 sl 2301 5 58 ~codadl 5 58) 5_alla el (558 Jiiai -1
((2)
‘\S);j\ el..;j\} )}lAA]\ s -9
((3) Jsill (8 LaS) LealsS jo ) (2l 3 68) alilall (558l Jlai -3
st Ol 5B aladinls A all ¥ abae S -4
(x-axis)=» T -mg sinB = ma 2
(y-axis)=>» Fy-mgcosb =0 =3
4:1.1&\ B.JtM]‘ UA &)Lmﬁ\ :‘\.Agﬂ g_al.a.n;
From (2) 25- 4x9.8sin(30) =5xa = a=0.1 m/s’

Exp. (22): I n the figure two blocks are connected by a rope and pulled on a horizontal
table by a force with a magnitude of .20N. If the Mass m =6 kg and M = 8 kg. Find the
tension in the rope and the acceleration

(1) dsa
m=6 kg, M=8kg, F=20N, a=?? T=?/
el Jsaall e (3-2 JSAl A LS) Cpanall o 5 S55all ol Jias
For m

SFh=ma, = T=ma (1) (2) Jes
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For M

SF=Ma, & F-T=Ma (2)

2 &1 ol

F-ma==Ma

F=(m+M)a = a=F/(m+M)=20/(6+8)=1.33 m/s
1 Aalrall (8 (m gxi 2l A ol

T=6x1.33=7.98N

(3) Jsa

m; h
Fnet=ZF =aZm

=a(m; + my)

Fgp =myg

Fgo =my g

When F is applied and two masses move together

Fnet=ZF =aZm

=a (my; + my)

Fg1 =myg

Foo=(m;+my) g
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Exp. (23): From the figure m;=20 kg and m, =10 kg. The force acting to accelerate the two
bodies by 2 m/s?, the force is: >
(a) 60 N (b) 6.0 N (c)600 N (d)0.06 N M

Solution:
F=(m; +m, ) a=(20+10)x(2)=60 N

Exp. (24): A constant force of 46 N is applied at an angle of 60° to a block A of a mass 10 Kg as
shown in the figure. Block A pushes another block B of mass 36 Kg. (Assume the blocks are on a
frictionless surface) the total acceleration of the blocks along the x-axis is.

(@a)1.5m/s*>  (b)0.25m/s> (c)0.5m/s*> (d)1m/s* (e)2m/s*
Solution:

ma=10kg, ms=36Kkg, =60, F=46N

on x-axis:

SF=aim =» Fcos B=ax (ma+mg)

Fcos@
map+mp

_ 46c0560

=0.5 m/s?
10+36

Exp. (25): Two blocks having masses of 2 kg and 3 kg are in contact on a fixed smooth inclined
plane as in Figure. Calculate the force F that will accelerate the blocks up the incline with
acceleration of 2m/s?,
Solution

N We can replace the two blocks by an equivalent 5 kg block as
shown in Figure

kel slipeill gdga
www.hazemsakeek.co

the resultant force on the system (the two blocks) in the x direction
gives
mg cos37 ZFX =F- mg sin (370) =1m ax

mg F-50.8)=52) 2 F=394N

Vi
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Exp. (26): The horizontal surface is frictionless. If m;=2kg, m,=4 kg and F=7.8 N,
(1) find the magnitude of the force exerted(#s2l)) by the block m; on the block m..
Solution: L h
S (g (38 aladiuly Al 5 Cpanall Ll dad aa 3 Y -
Fr=aim =2 F=(m;=m,)xa .
7.8= (2+4)xa = a=7.8/6=1.3 m/s’ (1) J8&
(R 0538 Gadaty el 5 (3 JSE 3 S) 2 aual) e 3 S50l (5 8l e aa g3 &5 Fys Foq —
Fa=F;1=m;a=4x1.3=5.2 N " a
(2) find the magnitude of the force exerted by the m; on the block m;. (2) &
s 8 Gy @ll3 g (3 S 8 LeS) 1 a3 55 5all (5l a3 58 Fiz | p a—
-, — 2
F-Fi;=ma
7.8-F;=2x1.3 (3)ds:.,

FR =F12 =7.8 -2.6=5.2N
| Fal=1Fz |

Exp. (27): Two boxes m;=10 kg and m,=15 kg,
(1)the gravitational force on m; is

(a)25 N (b)245 N (c)2450 N (d)5N

Solution:
Fg2 = (Mg + my ) g= (10+15) x 9.8= 245N

(2) the gravitational force on my is:

(a)0.98 N (b)9.8 N (c)98 O N (d)98 N

Solution:
Fg1 = m; g= 10 x 9.8= 98N

(3) The bottom box is pushed with a force F. The two boxes move together with acceleration of 2 m/s?, the horizontal

force Fis
(a)20N (b)50N (c)30N (d)5N (e)8N
m; =10 kg, m,=15Kkg, a=2 m/s?, F=7???

3F=aIm = F=2x (10+15)= 50N
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Problems:

1-  In SI units a force is numerically equal to the ——_ when the force is applied to it.

A. velocity of the standard kilogram
speed of the standard kilogram
velocity of any object

acceleration of the standard kilogram
acceleration of any ohject

MU O w

ans: D
2- A newton iz the force:
of gravity on a 1kg hody
of gravity on a 1g hody
that gives a 1g body an acceleration of 1-::m}.--*'s;~2
that gives a 1 kg body an acceleration of 1 mj..-"s2

MU oW e

that gives a 1kg body an acceleration of 9.8 m}.--"ss2
ans: D

3-  DMass differs from weight in that:

A. all objects have weight but some lack mass
B. weight is a force and mass is not
C. the mass of an object is always more than its weight
D. mass can he expressed only in the metric system
E. there is no difference
ans: B
4-  The block shown moves with constant velocity on a horizontal surface. Two of the forces on

it are shown. A frictional force exerted by the surface is the only other horizontal force on the
block. The frictional force is:

3N 5N
—~— —

SRRV RVRVUVNNVVNNVRNRNNRNNY

0

2N, leftward

2N, rightward

slightly more than 2N, leftward
slightly less than 2 N, leftward

MY QW

ans: B
5- A car travels east at constant velocity, The net force on the car is:
A. east
west
up
down

MU O w

Zero

ans: E
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A constant force of 8.0 N 15 exerted for 4.0 s on a 16-keg object initially at rest. The change in
speed of this object will he:

MO

0.5m/s
2m/s
4m/s
8m/s
32m/s

ans: B

A 6-kg object is moving south. A net force of 12 N north on it results in the object having an
acceleration of:

MO0 W

2 mr-“'sg., north
2 mf-“'sg._ south
6111{.-"'52._ north
18 mf.-"sg. north
18 m;"sg. south

ans: A

A 25-kg crate is pushed across a frictionless horizontal floor with a force of 20N, directed 20°
helow the horizontal. The acceleration of the crate 1s:

MY aw e

0.27 m,.-*'s2
0.75 mf.-"'s2
0.80m /s’
170 m/s”
470 m/s 2

ans: B

A ball with a weight of 1.5 N is thrown at an angle of 30° above the horizontal with an initial
speed of 12m/s. At its highest point, the net force on the hall is:

MO OWE

9.8 N, 30° below horizontal
ZETo

08N, up

0.8N, down

1.5 N, down

ans: E

A 1000-kg elevator is rising and its speed is increasing at 3m/s”. The tension force of the cable
on the elevator is:

MO0

6800 N
1000N
3000 N
9800 N
12800N

ans: E
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When a 25-kg crate 1s pushed across a frictionless horizontal floor with a force of 200 N, directed
20° below the horizontal, the magnitude of the normal force of the floor on the crate 1s:

25N
68N
180N
250N
310N

ans: E

MO oW

A block slides down a frictionless plane that makes an angle of 30° with the horizontal. The
acceleration of the block is:

980 cmjsz

566 1:*1"11,.--"52

849 {‘111,.-"'52

zero

490 cm/s”

ans: E

A 25-N crate slides down a frictionless incline that is 25° above the horizontal. The magnitude
of the normal force of the incline on the crate is:

11N

23N

25N

100N

220N

ans: B

SRRl

SESRol-F=

A 25-N crate is held at rest on a frictionless incline by a force that is parallel to the incline. If
the incline is 25° above the horizental the magnitude of the applied force is:

4.1IN
46N
89N
11N
23N

ans: D

MU 0w

Two blocks are connected by a string and pulley as shown. Assuming that the string and pulley
are massless, the magnitude of the acceleration of each block 1s:

LAY IS

90 g

110¢
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A 0.040m/s”
B. 0.020m/s”
C. 0.0098m/s?
D. 0.54m/s’
E. 0.98m/s’

ans: E

27

A T0-N block and a 35-N block are connected by a string as shown. If the pulley is massless
and the surface is frictionless, the magnitude of the acceleration of the 35-N block is:

TON

(7777777777 7777

1.6m/s
3.3m/s
4.9m/s
6.7m/s
9.8m/s

ans: B

MU oW e
SV T S T T O T ]

pulley

35N

Two blocks, weighing 250 N and 350 N, respectively, are connected by a string that passes over
a massless pulley as shown. The tension in the string is:

VISP IIIIINIii

350N
A, 210N
B. 200N
C. 410N
D. 500N
E. 4900N

ans: B

250 N
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Three books (X, Y, and Z) rest on a table. The weight of each book is indicated. The net force
acting on hook Y is:

AN
5N |
7 10N

\_/if/ LA 7 /.f,/z’f'.f///"/_l

X
|

v

A, 4N down

B. 5N up

. 9N down

D. zero

L. nomne of these

ans: D)

Three books (X, Y, and Z} rest on a table. The weight of each book is indicated. The force of
book Z on book Y is:

X 4N

Y| AN |
z 10N |
j-“//mu’a’f .f/rr’ff.f/f////.u’/i’_[

A0

B. 3N
. ON
D, 1IN
E. 19N

ans:

Two blocks with masses m and M are pushed along a horizontal frictionless surface by a
horizontal applied force F' as shown. The magnitude of the force of either of these blocks on
the olher is:

M

T

RN Y

A mFE/(m+ M)
B. mIi/M
C. mF/(M —m)
D. MEF/(M +m)
E. MF/m

ans: A

Two hlocks (A and B) are in contact on a horizontal frictionless surface. A 36-N constant force
is applied to A as shown. The magnitude of the force of A on B is:

ma =4.0kg
36 N A B mp = 20kg
R L A S L A R A S SRR

A 15N
B. 6.0N
C. 20N
D. 30N
E. 36N

ans: D
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Notes CH.(7): Kinetic Energy and Work( Jua) o 4 a1 43ual)

Kinetic energy (K.E) =% m V’

If body is stationary = v=0 =»K.E=0

The unit of energy (K.E-W) is the joule (J). kinetic energy, work and power are scalar quantities
1J=1kgm?/s* = from K.E=(1/2) mV?

1J=1N.m = from W =F.d
1J=1Watt.s =2 from W=P.t
1) =1 Watt.s (or kiloWatt.hour) = from W=P.t

Exp.(1): Which of the following bodies has the smallest Kinetic energy?

a) Body A b) Body B ¢) Body C d) Body D

Body Mass (kg) Velocity (m/s) | kinetic energy="'"2m v

A 2m 3V 1L2m)BVY=9)mV? The largest kinetic energy
B 1m 4V (1m) @ V)Y =@ mV

C 3m 1V %LBm) A V)Y =15 mV The smallest Kinetic energy
D 3m 2V 13m)2 VY =(6)mV
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Work (W)Jes
A
-~ o~
W=Ak w=F.d 1 2 .2
WS - E k(xl _xf)
Work-kinetic energy theorem Work done by a constant force Work done by a spring force
W= k;— k; W = Fd cos (0)
£ final Where F is Force (3.5
: fina d is displacement (413Y!) . —_
i: Initial 0 is the angle between the force and displacement Note: F x = k x
dal 3919 B4R Cu Al 3N
W = % mv? % m v? Note: F.d = Fd, + F,d, + F,d, (Hooke’s Law)

'4 7 \ k

W => (+ve) W = (-ve) [ \
Energy transfers Energy transfers ( W= No. AV wW=0 )
to object from object da)3Y) o gica (uli o 3 gl ciils 1) da) Y s gima o A g B i) cils )]
K.E increase K.E decrease W=F.d=Fdcos (0) F Ld (6="90%
W increase W decrease \_ =F,d,+ F,d,+F,d, ) W=F.d=0
y N \. J
V- N\
W = (+ve) W => (-ve)
1-Fisin the same direction of d 1-F is in the opposite direction of d
Aa) 3¥) ol (a3 B gl cuils 3y Jal V) olad) (use § gl cuils 13)
2-0<606<90 2- 90< 6 <180
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Exp. (2): a) A constant force of F=(5N) in the positive x-direction acts on 4kg mass as it moves from r; = 3i+4j to r, =5i, what
is the work done by force?
d=Ar =r,—r1; = (51) - (3i+4j) = (5-3)i + (0-4)j=2i - 4j
F=51i
W=F.d=5x2+0x-4=10J

b) If a force F = 210 i - 150j (N) is applied on a box, the displacement of the box due to the force is d = 15i -12j +3k
(m). Find the work done?
W=F-d = Fd, + E,d, + F,d,

W= 210x15 + (-150x-12)+ (0x3) = 4950 J

Exp.(3): If the kinetic energy of a particle is initially 5 J and there is a net energy transfer of 2 J to the particle, what is the
final Kinetic energy?

W = AK = K- K| ( net energy transfer )

Kf =AK + Ki

AK=W=+2]J (to) 2 Ki=+2+52>K¢=7)

Note: If a net energy 2 J transfers from the particle: W = Ak =-2 J (from) 2> K;=-2+5=3]

Exp.(4): Which of the following particles that moves along the x-axis has a negative work done on it?

Particle K; (initial K.E) K; (final K.E) W=Kk;- k;
A 4] 4] 4-4=0] W=> remains constant
B 9] 4] 4-9=-5] W=> negative value
C Zero 5] 5-0=45] W= positive value
D 8J 3] 3-8=-5] W=> negative value
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Page 4-Ch.(7)
Work net
__ A
7~ N
Whet =W; + W, + W; Whet= Fnet - d

anﬂ:=FH-d +ﬂF2.d'+ﬂF3.d

Exp.(5):Two forces act on a box shown in figure. The box moves 8.5m to right. What is the total work done by these

forces?

Wet =Fnet d cos ()

Fp=10N

| B e A AT

Wit =W1+ W,
Whet = F1.d + F,.d
W.=F;dcos (6,)
=12 x 8.5x cos (30)=88.3 J
W,=F, dcos (0,)
= 10x8.5 x cos(40)= 65.11])
Wit =W1 + W,
=88.33 +65.11 =153 ]

Wnet= Fnet .d

Wit =Fpet d cos (0)
Fnet,X=EFx= le + F2x
YF,=F;c0s30 + F, cos40=18
Fnet,y=EFy= Fly + F2y
2F,=F;sin30 + F, sin40=12.4

F,. = /F,% + F2 = 21.86

F
Onet = tan™! F_y= 35"

0 = 0,
Wet= 21.86x 8.5xc0s35=153)

F net

Bret d

AL Faier A5 0

Fe is in part I

= 0,,.; with +x-axis
d is in +x-axis

> 0 =0,
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Exp.(6):There are two forces on the 2 kg box shown in the figure. If the box moves to right 6m. Find the work done

by F; (W) and F, (W,)?

W.=F;.d cos (0,) W,=F,.d cos (0,)
F,=30N
=20x6 xcos (0)=120] = F,.d cos (150)
= 30%6 x cos(150)= -155.88] 30° 1 F1=20N

e

Exp.(7): Two men sliding a box of mass m a displacement d along x-axis, if the work done by the first man was W,
=70 J, and the net work done on the box was W=120 J. What is the work W, done by the second man?

W, =701, W =120, W,=17?
Wnet = Wl + W2
W5 = W - W= 120-70=501]

Exp. (8): A car of mass 1000 kg accelerates at 2 m/s® for 10 s from an initial speed of 5 m/s. a) What is the final
kinetic energy? b)Determine the work done by the car.

To find v; :

vi=vitat= vi=5+2(10)=25 m/s

K= Y2 m (vp® = ¥ (1000) (25)* = 312500 ]
b) K; = %2 m (v;)* = ¥4 (1000) (5)* = 12500 J
W= K;— K; = 312500-12500= 3 x 10° J
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Page 6-Ch.(7)

(Weight ¢,Jsll) dal 868 Jad (2
Fe=mg

Y

Al ) 48 a 4,88) 45 )a

A 8 e il Jadd)

v

KPL IV ‘_’b‘!
(rising- moving up-
above-ascent)

—~—

5 siiall &l i 311 5.4 o il Jdd)

F, = —kx
(Hooke’s Law)
Where k is spring constant

(N/m)

SN<iaY) 8 8 Jad (4

¥

Joh - Jiuy
(falling- moving
down-descent )

!
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Jrdd) g1 gl

Ml? 3 ( o 0 - -
L o F is variables g2 o ¢
+
W = F d cos (0) (Spring )& s} 245 58 i
F = —kx (Hooke’s Law)

L i i
(Weight ¢1}sY) cial) 3.8 Jus [ apel s gt O\ ([ siayish gha )
(gravitational force) (Normal force) (Friction)
Fe=mg
JiuY Laila Lgalad)* Fx F=ukFy,
A rhad) o agas Lgalad) | A all slad) (use Lgalas)
u\ e o
/ 40 gas A4S o \ lFu ' o
A Pl JIH 77 d Dt
rising falling _J F g
L " !
d F
Fg d Fg d M?:]on
WFy =F,dcos (0) WFy = F4d cos () WFy =Fg dcos (0) |Wg, =Fydcos (0) |W;=fdcos(0)
0 =90° 0 = 180° 0 =0° 6 =90° 0 = 180°
We, =0 W= —Fgd W= Fyd Wi, =0 Wy=-fd
_ . Wh--mgd W, - mgd J\ y
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Exp. (9): A 5.0-kg box is raised a distance of 2.5 m from rest by a vertical applied force of 90 N. Find (a) the work done on
the box by the applied force, and (b) the work done on the box by gravity? (c) What is the final velocity for box at the end
of 2.5 m?
a) We=Fd=90x2.5=225] b) For rising object: Wi, =-mgd=-5x98x2.5=-1225]

¢) v; =0 (raised from rest) = K;=0

Woiet = Wg + Wi, =225 - 122.5=102.51]

Wi = Ki=Kj='2m (Vf)2 -%2m (Vi)2

102.5 =% (5) (v)> 2 (vp)’ = (2*102.5)/5=41 > vi=6.4m/s

Exp. (10): A 40 kg box is pulled 30 m on a horizontal floor by applying a force (F) of magnitude 100 N directed by an
angle of 60° above the horizontal. If the floor exerts a friction force (f) of magnitude 20 N, calculate the work done by each
one of these forces. Calculate the work done by the weight (F,) and the normal force(Fy). Calculate also the total work

done on the box.

Wi =F d cos 0= 100 x 30 cos (60)= 1500] Fy F
W, = f dcos(180) = —f d=-20x 30=-600 J t
; 60° x=30m
Wi, =F,d cos(90)=0 > x
Fg g COS( ) < | :
WFN = FN d COS(90)=0 l
Woe= Wi + Wi+ Wiy + Win = 1500 — 600 + 0 + 0 = 900] Fe= mg

Exp. (11): A 1-kg box slides along an +x-axis on the rough floor. The box is moving from 6 m/s to 2 m/s. Find
the work done by friction

Whet = Wi = Ki—Ki=%m (vp)*-Yam (vi)’= % (1) [2° =67 = - 16]

11 a8, Jlia slifiialy AUl (38 jall & ALiaY) 48,
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Power (P): the rate of work

Iy J.Li'.f/
A
—_— —
average power / Instantaneous power \
p |14 p dw
ot o dt
— P=F.% =Fvcos()
PnEt - Pl + Pz + P3 Where F is Force (34)
v is velocity (4= sl

) 3 0 is the angle between the force and velocity (s jwll g 3 g8l (i 4391 31) /
The unit of power is the Watt (W) \ 8

1 Watt=J/s = from P=w/t
1 Watt= kg.m?/s’ (where J = kg m*/s?)

Exp.(12): There are two forces on the 2 kg box shown in the figure. If the box moves to right with constant velocity
4m/s. What is the power due to F;) and F, then find the net power?

F,=30N
P=F,.vcos (01)= 20x4x cos (0)=80]

P,=F,.v cos (0;) = F5.d cos (150)= 30x4 x cos(150)=-103.9] 30°
Po = P+ P, =80 -103.9 =-239 ] m—- |/

F,=20N
>
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Exp.(13): A person lifts a 100 N weight 2 m above the ground during 2 s. What is the power required?

Rising & W=-mgd=-100x2=-200 ]
P=-200/2=- 100 W

Exp. (14): In which of the following situation the net power =5 W?

Situation | Py P, P; Pui=P1+P,+P;

A 12 5 -7 12 + 5 -7 =10 Watt

B -13 3 -2 -13 +3 -2=-12 Watt
C 15 -12 -3 15-12-3=0

D 10 2 -7 10 +2 -7 =5 Watt

Exp. (15): A man uses a force of 200 N, which is 20° above the horizontal, ( as in the diagram) to push a box a distance of 8m.
What is the power if the man takes 12 s to push the box?

F=200N, 0=20°, d=8m, t=12s

pP= w_ Fdcos(8) _ (200)(8)cos (20)
ot t N 12

=125 Watt
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Problems:

1- Which of the following groups does NOT contain a scalar quantity?

A. velocity, force, power
B. displacement, acccleration. force
C.  acceleralion, speed, work
D. energy, work, distance
L. pressure, weight, time
ans: B
2- A crate moves 10m to the right on a horizontal surface as a woman pulls on it with a 10-N force.
Rank the situations shown bhelow according to the work done by her force, least to greatest.

AN A 10N
10N A
10N
AANTE TR LS o AN AANT R R 4 NN AMANTE R R AR R AN
1 2 \ 3
\q

A 1,23

B. 2,1, 3

C. 2,31

D. 1.3, 2

L. 32,1

ans: E

3- An object moves in a circle at constant speed. The work done by the centripetal force is zero

because:

A. the displacement for each revolution is zero

B. the average force for each revolution is zero

C. there is no friction

D. the magnitude of the acceleration is zero

E. the centripetal force is perpendicular to the velocity

ans: b

4- The work done by gravity during the descent of a projectile:

A. s positive

B. is negalive

C. is zero

D. depends for its sign on the dircction of the y axis

E. depends for its sign on the direction of both the x and y axes

ans: A
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CH.(9): Center of mass (COM) and Linear Momentum

Single Particle System of Particles
X X _ mqx4q + myXx, + ms3Xxs + ...
Position(1D) com my; +my,+msg+ ...
vy . 2 Position of centre of mass
. g abiil cilfis)
X-axis S R Where M(total mass)=m,; + m, + my + ....
y-axis y Yoo = myy, + myy, + myy; + .....
Yy s 0 il cililas) com my;+m,+mg+ ...
axis Z . _ mqz, + myz, + myz3 + ...
¢ Z s o dbill cilila) com m; +my, + mg + ...
Position . . . .
vector (3D) r=xi+yj+zk Teom = Xcom L+ YeomJ + Zcom K

Position vector of centre of mass
Xcom 1S the x-component of the coordinate of the COM
Ycom IS the y-component of the coordinate of the COM
Z.om 1S the z-component of the coordinate of the COM

The coordinate of the COM: (X com, ¥ coms Zcom)




o eld o)

Exp. (1): Three particles of masses mi=1 kg, m2=2 kg, and m3=3 kg are located in xy plane as (3,2 ), (-1,1), and

(3,-2), respectively. Find the coordinate of the center of mass.

The components of the coordinate of the center of mass are xcom and ycowm

Particle m X Y
1 1 3 2
2 2 -1 1
3 3 3 -2

mqXxq + myXx, + ms3Xx;

x =
com my + m, + ms

1+x34+2+—1+3%3
1+2+3

=1.67

Xcom=

m.y, + myy; + myy;

Yeom my + m, + my
1%24+2+14+3%x—2
= =-0.33
Yeom 1+2+3

The coordinate of the center of mass is(1.67,-0.33)

Exp.(2): Problem (1): (a) The x coordinates of the system’s center of mass is

> x3=-1.5m

(b) The y coordinates of the system’s center of mass is

> Y3=- 1.43 m

m1x1+ m2x2+m3x3_ 2*(—12)+4‘*6+3*x3_

—0.5

X =
com my + m, + my

myy, + myy, + mgy; 2%5+4x(-0.75)+3*y;

2+4+3

—-0.7

y =
com my + m, + my

2+4+3
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Single Particle System of Particles
Y4 nd = _ — e _ N
Newton’s 2 F,.,=md Free = M Ao
law :
Where a_,,, the acceleration of center of mass
by Lagie (i say dgaie el g jludll g 3580 (isle) o pa | Lagle (i sm 4gaie DlaaS g il 5 3680 ol sle) jo ae
(up) [ (right) oladl 5 laay oladl 5 laay
:F”T t£L¥e  If body is stationary = v=0 If body is stationary = vcom =0
(left) ll(down) = a=0 anet = 9ac0m=0 > Fnet =0
—F, —a —F,—a
|

Exp.(3): In the figure, what is the magnitude of the force F; acting on particle 3 if the center of mass of

system is stationary?

Stationary = vcom =0 = acom =0

XF,=0
le + FZX + F3X =0=> F3 = 'Fl - F2 =-(-5)-(+3)=5-3=2N { F.=3N
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Single Particle

System of Particles

Linear
Momentum

*The unit of P is kg m/s
*Linear momentum
is vector quantity

g —

P=mv

DMy Lgie (s g2y 4gaie 43aS Ao ull Ol 3le) ye as
olail 5
+

+v (up) Y

[ +v[r|ght)
—

B ——

—v (left) |+—v (down)

If body is statlonary

—

P=Mv_,,

sladl g jlaias Lgie (yia ga dgatia daaS de il Qi'&\.c\).qc.q

"'V
tVcom (up
+Vcon (right)
 ———

M —
~Vcon (left) I —Vcom (down)

If body is stationary =» v=0 =»P=0

= v=0 2>P=0
Single Particle System of Particles
Newton’s 2" law Newton’s 2" law
A -~
_A
g ~ dP dP
Fnet=ma Fnet:E Fnet:Macom Fnet:E

The law of conservation of linear momentum: Pi,itiqi = Pfinail
(mqvy + myvy, + myuz + ...);

= (mlvl + m,v, + ms;v; + )f
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Exp.(4): A 0.4 kg ball is dropped from a window and landed on the street with speed 35 m/s, and then rebound with
a speed 25 m/s. What is the magnitude of the change of its momentum?

m=04kg vi=-35m/s, vi=+25 m/s
IAPI= [P; - Pil=m | v - v; I= 0.4 | (+25) — (-35) I= 0.4 125+351=24 kg.m/s

Exp.(5): A ballot box with mass m=6 kg slides with speed across a frictionless floor in positive direction of
an x-axis. The box explodes (=) into two pieces. One piece, with m;= 2kg, moves in the positive direction
of the x-axis at vi=8m/s. The second piece, with my=4kg, rebounds (2i!) with speed v, =2m/s. What is the
velocity of the box?

m=6kg v=??7 ml=2kg vl=+8m/s(positive x-axis (right)) m2=4kg v,=-2m/s (rebounds in negative x-axis-to left)
Pinitial = Pfinal

((mv); = (M, + myvy)y

6 xv=2x8+4x-2=16-8

V=8/6= +1.33 m/s
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Problems:

1-

The x and y coordinates of the center of mass of the three-particle system shown below are:

MO AW

y (m) [ [ [ [
| | | |
dmpF - - m oo
| | | |
6 kg
. [ [ [
3»111——.——|———|———|——
Y
Yy - - ' _ _ ' _ _
<11 [ [ |
| | | |
ImbE——l—— 1 _1__
| | | |
4kg | | | |
| | | |

. Im 2m 3m 4m gz (m)

0,0

1.3m, 1.7Tm
1.4m, 1.9m
1.9m, 2.5m
1.4m, 2.5m

ans: C

The center of mass of a system of particles obeys an equation similar to Newton’s second law
F = macom, where:

MmO AW

F is the net internal force and m is the total mass of the system
F is the net internal force and m is the mass acting on the system
F is the net external force and m is the total mass of the system
F is the force of gravity and m is the mass of Earth

F is the force of gravity and m is the total mass of the system

ans: C

Momentum may be expressed in:

MmO Aw e

kg/m
gram-s
N-s
kg/(m-s)
N/s

ans: C

A 1.0-kg ball moving at 2.0m/s perpendicular to a wall rebounds from the wall at L.5m/s.
'I'he change in the momentum of the ball is:

M IawE

ZEero

0.5N - ¢ away from wall
0.5N - ¢ toward wall
3.5N - ¢ away from wall
3.6N - s toward wall

ans: D



p .
5-  If the total momentum of a system is changing:

particles of the system must be exerting forces on each other
the system must be under the influence of gravity

the center of mass must have constant velocity

a net external force must be acting on the system

none of the above

MO QW

ans: D
6- A 2.5-kg stone is released from rest and falls toward Earth. After 4.0s, the magnitude of its
momentum is:

A. 98kg-m/s
B. T8kg-m/s
C. 39kg-m/s
D. 24kg-m/s
E. zero

ans: A



