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Physical Quantity: Quantlty that can be measured

Physical quantities is divided into:

a- Basic guantities

b-Derived quantities
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a-Basic quantities: Cannot be defined in terms of other physical quantltles

Example: Length, Mass, and Time

1-Length: Distance between two points in space.
2-Mass : Amount of matter in an object.
3-Time: Duration between two events.

Sl Sl

b- Derived quantities: derived by combining base quantities

Example: Velocity, Acceleration, Density

1- VeT;c)ty (Displacement / time).
& ﬁ—"“ 2- Acceleration: (Velocity / time).
e\l 3. Density: (mass/Volume)
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SI UNIT SYSTEM

Z =9l
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SI (System International) units = metric system ST Q,,—‘L-s DS SO g
Base units:
Table 1.1 Base unit in ST (see page 5)

L’\ _:s-'.s

oA\S o

e2\—%) 2ale> Unit M/ Symbol Quantity  =—
meter m length Iy
kilogram kg mass s
-~V second S time oo/
g9\ _ampere A current &Y,
6:3-\5 kelvin K temperature; 1 >s..
J,» mole mol amount of a substance
41— candela cd luminous intensity

‘J;L}Jla...;--



. _.s SI UNIT SYSTEM

Derived Quantities:

Units for all other physical quantities can be derived Form
the seven base units - _ 5 7\ (ely i\ Sile ZUF0WUS

Examples: Yl
Quantity Sl unit
\,9}3\ yAghdt = as\wr  Area = m xrm m?
;J,\%MM = & \Volume M xwmyvn m3 _
r‘_}\.:.qi..? —osUs Density 9> m3 kg/m? %1 - CS_Q/M 2- k9gm
U0 A —ga S\ Tl Velocity Mm-=S m/s
I Acceleration A /-~ m/s? ™
.._,-—--‘ —h Jl //-S ¢ S _.2
S S

*For more derived units see Table 1-2 page 6



Assessment

Exercise 1:
- What is the Sl unit of temperature? K. ( Kelvin)

Exercise 2:
* Which of following is Base (fundamental) unit and which is derived in
Sl unit system: 2 D
candela B kelvin
HO-;MJ'\]O;J‘ — joule Nam hour

kilogram

second volt

B

b D

D kilometer D
mole B gram D
3 »
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\006

Prefixes for Sl Units

Factor Prefix® Symbol Factor Prefix® Symbol
10+ yotta- Y 101 deci- d
1041 zetta- 7z 10-2 — coenti- c
10" exa- E 10-° milli- m &
101 peta- P _10-6 migyo- 7 10
1012 tera- T 10-° _  nano- n ) (o] -
10° giga- G _12 pico- p

\O00 BOD mega- M 10~ femto- f

\000 10’ kilo- k 10-18 atto- a

102 hecto- h 10-2 zepto- z
10! deka- da 10~ yocto- ¥

“The most frequently used prefixes are shown in bold type.
* Table (page 7)



Scientific Notation  =2='~=='
v—l e o\ e 2 0 s 2 oGS OS31723 24

2.5 x10°

Number = mantissa x10 exeonent {power)
-_ OB006 2 3349
-S
X-SX10

Example:
460000 =4.6 x 10°
0.0023 =2.3x 103



Assessment

Exercise 3: Solve the following:

&
5.0 X 105 + 3.0 X 106 = 2500000= 3.5%\0

(5.0 x10%)% (3.0 x10°) = G.15 = .S X10

(7.0 x 105)/(2.0 x10€)= 3.5 X 16'?

The number of significant figures in 0.00150 equals ..3.
The number of significanpt figures in 15.0 is ...2

N
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Converting (Changing) Umts

Time Units

e 1 year = 365 days
e 1 day = 24 hours

* 1 hours = 60 min

* 1 hours = 3600 sec

* 1 min =60 sec

m‘ ~ 3
W\M b e 160 A MPe0 g

N X AL

Other Units
I1m =100cm /—";a
o 1000 ko)
1m =1000 mm \.fc/
1 Kg =1000 gm

/\/\/\/‘\

YGM 3"5 d“?
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Assessment ?
Exercise 4: Make the following transformations: {0
> min = s 5X60 = 300S »
2 hours = s QXBEO0AEO0 = F200S
6.2km/h= m/s VI /s .
>.2kg = g S.2 x [pO0 = 52009 = S.2%x\O
3pum = nm  3X\0° v = 60D — —5
50 m/hr = cm/hr ~— B L 5Om _ S1ox100 :'m
> v
6':2 Kor 6.2X o0 ™ o_ 32 " /g h — o0 /e
1 " 1 X60X60 S 51167 S

11



A- Vectors quantity

Vectors

Types of Physical Quantities:

&Lz.;'a

magnitude and direction

o'\

Ex: displacement, v"louty etc

B- Scalarsqguantity

--.—-L..
- -

magnitude only

Ex: time, temperature, etc.....
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Vectors A e e

* Vector quantity symbol

A letter with small ho.m.z_(m.tal_anow pointing to the right above it
Y 20 \O
A —

—

X L ]

* Cartesian Coordinat Coordlnate System used to describe objects 1n 1D, 2D
and ?).D (see page 18) s> BV 9)(-: B\ p S

Set of three axes with angle of 90° between axis. (x, y and z)
*i1y,2

13
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How to represent a vector 1 ?
Head
')
A
- PRpel & O.Lb
¢ = \
‘.>'.‘> TaiI o / I”/;-x‘}
- — — — o
)\ ~ ¢ \ ’lé’-.b A =S 9'_'.' ,
* Magnitude = arrow length ry
e Direction = arrow head
- - —’
>\s¥| S PILLIEL B

14
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Vector Components:

y 2b
ey | (Alg A")
A A :
: AxX— '6‘3 3
N F— 5'x+“"j

cA= (AgA,) =A%+ AP @
A= (A Ay Ay) = AR+ A9 + 4,2 @

& ° Mazio

ﬁc'_
Unit Vectors (%, ,Z2) U - oade Lo 4 a
Magnitude =1 "\:’\p_‘_,'{:’ s‘, g My M
Direction >along the main coordinate axes.
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Graphical vector Addition and subtraction: (€T Jez—sa/t 0¥

B A
Addition: the beginning of vector  moves to the tip of vector

C=A+B .
A"  —
Ly P AR
om |
{::.:*?’ . V- AR K asest =
8 BL}_’_) 5 ‘Aa.;al-ﬂu—\;&-’@

A > Il 093 O P ass P Jeslt D



N = L g

Graphical vector Addition and subtraction: — N ~— —

* The inverse (reverse or negative):

[ ——— J

Vector with the same length, in the opposite direction = —

R e

é
A . }D .ps‘(rh)t_’,
—A RAVY . FEC\PAPTLS

-'(:.‘Y(é

17



Graphical vector Addition and subtraction:

Subtraction: adding the inverse of vector

—

D

—

to vector

>

18
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Vector Addition using component
A= (Ac, Ay A) A=(2,4,5)
B=(By,By,B,) B=(3,-2.1)
At3 = (5', -I;q)
+B = (Ax+Bx,A,+B,,A, +B,)
— B =(Ax—By,A,—B,,A, —B,)
A+B=(2,2511)

A
A

* Exercise 4:
Find A — Bwhere 4 = (5,3,9) and B = (3,—-1,2)

A"’"B ::.'(5-3;3—"']) q—-l) :(29‘/; ?)

19



N dpsie 2B ST e G 2l aR il wpls g g9
21 e 3 T S Sp ams ¢~
AR " 3 =3(152,3)

7 :
./:"\/ - )
#E ¢ aall ogP 3p=(3,69)
Multiplication o vector with scalar : > -
iplicati fa ve i ala ‘BA-(-?/ g/...a])
Scalar * vector = vector —A 0
_—__—_-—_’
o 26
E=sA=s(Ax,Ay,4_Z)=(sAx,sAy,sAZ) ‘T
s Voo ' w5 out

points in the opposite direction->negative scalar

points in the same direction—> positive scalar
‘ scalar * vector ) = .
- “’ . ’L, J< o(.ﬁg,u—ﬁ.l—‘ _r::-'s"" ‘.An.’“.
” 7
]

Exercise 5:

Given a vector 4 = (2,3), find _3_1_{1?_ ' .
- —l'ra3dstexacls
362/3> :‘C;’q.) 2\ v e
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» Unit Vectors

Exercise 6:

Represent the following vectors in unit.vector notation and-find-the

magnitude:

Ol Wl 3>
Il Il 1

9,12,7) = 7 +120 +FE Vl=J g2 4122432 = 16-55
(45-32) = 45 —32)
(3,08)= S+ 3k

B} = J us24 (3237 =592

(< :fa*«gz - 8.5y

21



2
N
Jﬂw-vbt:
J =~y
3 z — kK

F————t

v A:' (3/2/[)

._A-':‘_BL."PZJ—\—’Q
TBP::"IC -l'_j -3k

-

A *’é": (B3+4) ¢ + (7+|)_')+(|‘-3)lc

=i

FC +3) =21

—
Magnirude CETY Y% BRI

’Elzf/-\xz—r A‘ja + Az

A= 3c+ 2y vk Calcadafe [K]

A=) 3% 22+ = [y



a5 U
Vector Length and Direction m

p” 7' o = y
L_elg_g_th (magnitude) A= f_1£+ 1iy
Direction 0 = tan_lj—y
A, = Acos0O X — component
Ay, = Asinf y — component




AD Vettors

———————

fr= BL'-r‘/J

.
Colcwafe +he /ew74&( M‘ﬂnr'l'ouofe)
| A =f22-r%2 = 5 40 ,
JC‘J-’ ‘ 5)‘
0/'/? Ctrov ( & oo ? ) Jaw °
,_;.;L:J,t-’.’ 1,‘/'

87—' f’OlVJ-]/_éZ = é’al"-'(j): 53.]
Ax 3

oo PV oS s

:f—u‘(”"}\»”" d"zt’l},‘? a'p) Y=+t X=x AU DA
pr

SeWw \Xotz—’ \."SC’\'.:?_?\;("_":\P‘ 7=+ X=- TSNS
Y R s e Yoo A=

gﬁpkf‘fv_;\:]\;o\l ?{\-(.e*(t..(‘f-"f‘?\ Y=o f-a
340 ¥4

LS E_%amplé . Frnd magnsde and dvetion

5
Z?é: —2¢ +5) SX X

}E-/: j?-?)z.;- st - 5.2g

i X
9"—'5'0!/' /:'.—52—) = -€2.2 +1\130 =\\}
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Ax=l0C»s30 = 3.4¢

oS AV i~

ComPs nefe
7
¥ * Jond the mponess
2 —
Ax Ax = A CosE
‘ A)’ = A &n@

Aysi6Sn30 =5

—

A = 966 + b)

g;(aw\yp\é, ﬂ':/m/ He  Compornuaik b
\eChe \B\ =5 m witkee  _tho divecton
US® ik x @ 5 B
ug

Bx= B Cacd® = Scasus = 3.52

by = BSWMGO = S Swus = 3.57



Assessment

Q1. What 1s the x- component of a vector having length 60 m at
an angle of 60° with x-axis?

A= ANCes (@) = 60Coséo) = Som

A
40
éo

Q2.Find the y-component of a vector having length 40 m at an
angle of 30° with x-axis?

AY: A S\VL@ v
306
— 4o Sin30= 20w '

23
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Q3. What 1s the magnitude of a vector A=%-37

(A}:J‘_%Z_’_G%};: 5

-

?

24



b — 204

Q5. Two vectors are given by

G=2%+9+32 and b=8% +59y + 62

?—

What is the magnitude of 2% 2 ~

Ao A A
QoL = 2,(25(.\—1—9\ -\'32)-;:. adx "'zj + 62

b-200= (32459 62) - (4F 29~ §2 )
= 4 X +39 .



/[9-20/ ':J\L(Z +37=5

Useful software:

* http://phet.colorado.edu/sims/vector-addition/vector-addition en.html.

* https://fnoschese.wordpress.com/physics-applets-animations/.

26


http://phet.colorado.edu/sims/vector-addition/vector-addition_en.html
https://fnoschese.wordpress.com/physics-applets-animations/

Chapter 2
Motion in a straight line

(_?a.,——’_ﬁf” C.Uf‘



POSITION VECTOR DISPLACEMENT VECTOR AND DISTANCE

/ -'0.9\.)\3 G \’ \
i Position vector: 5

Describes an object’s position in space i
3l § f) O caas a8 S0

/ '>.P 2:’9"” J0B) o o Jot et L oS eals
The vector that links the location of the

body with the origin of the coordinate
~ o= ¢ gystem 28




o . | 4Dz
+7 ‘Positionvector in one dimension

27
' X=2.5m

¥ 3 2 1 0 1 2 /3
. . — /.<=4—1—-» : :
0 2 I X=-1m X (m}
K =2 . . .

* In one dimension, position vector has only
3 one component , X-component (AD R0V s rovs
+. -, .. :
X==-3 * |t can be positive or negative to the origin point

Dgo = sl 1S O 542> ¢ = & s

29
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Displacement and Distance
N S s S @S G DR & St

* Displacement is the dlfference between the final QOSItIOh vector_z
,at the end of a motion, and the initial position vector_l

* Displacement in one dimension :
Ax = xy — xl‘

* Displacement can be ( + ve ) or (- ve )

e

y

— P



PO‘SI.CIDY) . NeQor (_,3 {é_,p X
% <2 j
X=3 Jo omad a b >ug

Je_O"of 5e .
Drsplacwment - o\ 5¥ A x
WY L — GLaEt L 2! pge £ IS OO
AX = >(2 — X|
C‘J'_\-s‘-}\.;‘ (.\5‘ oo\l 08 A5 oS oy

KDy 55 add N S AT sn /1 prCaut
e S a0 o X &

S AXa
LN AN /‘\M/\l
ACEE S P
Xy = | X2 = 3 LX=3-1= am
X\‘:.‘ XZ:-—\ A?(B=—‘~—\=--7_m
Disrance. : "os &1 scokov
M) Rl s SLISV (0> alER) Q=Y dse M
N\ tals
o e
o7 a3 Distane: 2+3 = Em  elcse

D;'splacmemc- 2 \ = ‘2-s¢gY‘t°



[\ Displacement [ E

A Q.
X, 2%
°
’)(,
®

AN ¥ 5 A S\ OB o, Jra>

Drsplacment

1

Displacement Distance

Net change between initial
position x; to a final position x,

Total trip from initial position
x; to a final position x,

Does not depend on the path | Depends on the path of motion

G5 9,V g2 81t gy

b"“-: X;_. )((,‘

of motion
Vector Scalar
SI unit: m SI unit: m
‘3\‘(“ ;/-
D’S}an o c f &
=2l oge P - -

';J_P,JI A> (S salas ¥

Sl i) e Distance= 6 Em

(ol_;‘,)ll-",q)’w q_!.é

- X O iy

Do) Arls o D,spldCMéM-‘-‘
‘1 -
( (VAP PV 2e - >eyo

Position and Displacement

" —la)y s.p »

vlo!

«?

Here you can see the difference between displacement and distance on the x-axis:

AX= X.p -XC=—{==2

- - l+"1 — i"’l
Xf’}?’\m Ax=1m.
B _w x(m) Total distance = 7 m.
Xr X Ax=-1m.
€ — 1 1 - x({m ) . -
T 1 3—x(m) Total distance = 7 m
AX==\_=2 =4m
% o Ax=1m.
— 1 1 1 X (m T I . - 1 ‘
> 1 0 1 5 x(m) otal distance =1 m



Displacement and Distance

X\ X
3 2 1 1 2
P X(m)

“,QS‘P Ax =x, —x4=3-0=3m

‘ pasitive displacement +

K2 %X
1 0 1 2 3
X (m)
co\-/\ AX = x5, —x41=1-3=-2 m

negative displacement

P =S

31



Displacement and Distance
b \lwo o.g\/x\ a_>.»—L e 1 A Y-V )

Distance: the distance | that moving object travels is the absolute value
(the_magnitude) of the displacement vector.

In one dimension

Distance 2 0 L=1Ax] (if the object does not reverse its direction)

S| unit of distance = m (meter) \

FE oo e
c,.g'?o ~ D D on

o S O oY guz” o*‘—SU\’»07 b\b\/o.)]-vr-'z“-"*s NoN




Displacement and Distance e @

DX =0
Remember
» Displacement is vector as—s <ot A
* Distance is scalar. e S
* If the initial and_fizd positions are the same . the total displacement isO
\;j\t/ ﬂw'i'- =\ .« o e . C\__ N - ) .
S e ao' NN N wé\)\;éw\&. ESS\Q\S\_,\

X (m)

33
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Velocity Vector , Average Velocity and Speed

What is velocity?
y W/ "’N-’\JMP/\ 3_9.0(,4.4“

Velocity: the change in position in a given time interval.

» Velocity is vector. axless

Rbardt e
*\Velocity can be +ve or —ve J—\_s w
b ESE AN\—
+What is the velocity of stationary object?

V=<

34



@  Avevage Velociry

ab rafonag (!
V= Yy = BX - X2, @
bt t=2-t,
V= Eo\,%) ( Syt s29p) giw ok
oL P

@ Speed

[’VJ= S = .SPéeoJ = Distance — oSt
A o o

(/9

ol UVs B\ oS

B  Insanganous wveloc: Y
—

YV = Z;A\NAQD o = a ¥
d €

-%‘9—4“ >~

(—\IQ (*\le) :wu:'\-‘g»—g) o:';sﬂ/‘oa.}a.ﬁ»a}a.s_}..d\

t:z2S {‘
T L
D' ;m I‘O;n
,VdVJ: DX = Y410 = -8 — _ 2m/s




o7 Velocity Speed __‘f, .

_displacement ax _ distance
, B time oL ~ time _-
,.’r"" Does not depend on the path Depends on the path of (< ﬂ‘"J
J‘j . K '_J_ N
/.)' of motion motion %
Vector Scalar
SI unit: m/s SI unit: m/s

Example: a man walked as shown in the figure, then stopped at the point A. The total time that he
takes during his walk wa@calculate the distance, displacement, average speed, and average

velocity.
e
% a —R
>  X-axis
o | y — | | | | | ’
0m 10m 20m 30m 40m  50m 60m 70m 80 m
Solution:

Distance=70+50=120m

The + sign means that the displacement and the

Displacement = +20 m velocity are in the positive direction of x-axis

distance 120

“time - 250~ 048 M/

Average speed =

displacement +20
time ~ 250

Average velocity = =+0.08 m/s

Distance = [20m
1-
Displace ments = Xy _x, =20 -0 =20 ™M

£Peed = prsrance = 12 = oY% m/s

_ eome 255
V= Varyg = AX =~ 20 =10-08 m/s
t 250

Example 2.

The displacement x of an object is given as a function of time, x = 2t + 3t%. The
instantaneous velocity of the objectatt=2s is

X=2t+3t? “b:""c:’&’\gg";p
—_— —
:cix - 2 +6¢ 1V =2+6(2)
t

W m/g



Average and instantaneous velocity

_ Ax X%y oS o _ ol
Y =—= average velocity Lo )
At ty—tg
dx ?@\Q&H‘
V= instantaneous velocity

N X NSOl -




e"'/ Cad et )

Speed (6,52l NI X e
Speed: is the absolute value (magnitude) of
velocity.

v =|7|
Lo
*Speed is scalar.
Speed is always positive. < ° Vs

LW® P10l aseLia—
Speed can be found by dividing distance by time interval
et = o £ Vo
V)

At

36



Position Graph e I

*Position graph or position-time graph is a graph between the position of an
object on the y-axis, and time on the x-axis.

IS
1 o /91 2 3 il 5
] H v —k | >
29° X (m)
t_i_s) X (m) 4
0 0 3

I @ ‘
Position (m)

@6 -




Position-time graph
GO\ =P8 Bo e 8 ot

WALy
* The slope of the position-time graph at any point gives the velocity of
the object at the corresponding position

HSD .............................................................................. }‘d‘;‘/ : i‘
Eqﬂ .............................................................. - - Q(J,J
EED .............................................. 5 ; :

0o 12 3 4 5
Time (s)



Position-Time Graph

t;\-"\..——‘(' vl Q\Sf e J:'J-qff
BlSruany Whiaal Uniform Speed Non-Uniform speed
A i R
: _ - _ . R
Time Time Time
S ) al 2o\ o O )
S>3 G g a5
bdde o, I S
\l@\oo'fj::’Zon
velocity = glope
S‘E_)_(__
Y
- i 4
Pecelevaton 5, Ca >
‘;e;,@ Yo 5o £
”~
Insranfoanous alteleat v Auerahe acce;!ira.tmm
L
o= O‘V %—?g cg'ug
A= DY =Y2_Ne

:\s»)\ Aar o(Lwl BE  ¢,-t;



£ (A
- = /s
Acceleration Vector @ g
W7 oS 2 cxc_,—-“kj-:

Average acceleration : the velocity change per time interval

2

o r
MJ\O f,(——l
Av Vy_Vq -
‘ a=—= average acceleration
At to—t4 §£~
dv d?x d (dx r"*‘-“)\ l‘
a=— , a-= 5 = Instantaneous acceleratlon
dt dt dt \dt —

 Acceleration can be tye or —ve P\ P90 5ok bt LN Ghe
» Acceleration unitis ™/ , n/s?2  oosl!

+What5:che acceleration of an objects that moves with canstant velocity?
O =©O -2 U e QO O § s\
‘ 39



Time (s)
The slope of velocity-time graph gives acceleration

L}*"d/ o
- £ 12 — Wihh— Y =ode

o= J'/OPQ

= bV
b E

= N2 -V,
rp — £\

_ 30-%<

= 3 2
= (Oafs

40



.
. . - - -2
Acceleration ->\F 4w ] oL

- . . .
eSO NN oG (e £, e oY G Ny
* If the velocity and acceleration are in the same direction

= the object moves faster

* If the velocity and acceleration are in opposite direction

= the object slows down
e - . - o = - ° . \
3“" ",'“"/‘?A—S‘\ NN ‘\5!\0—,5'@-’ as )\ XS Vs

Q¢ ﬁg V41




- Remember 3o =S _Lars
S S\ P 28\ por
* The velocity of stationary object (object at rest) iszero]
No Change in position
Zelo = £ =N " as — ,/10_3 \ 5\
* The acceleration of an object that moves with gonstant velocity is zero
No Change in velocity

Position %}E
/”'—\b /_\l

2
g @ p.ﬁh“\mom’/
dt dtZ

-— .
Velocity dv Acceleration
dt



Assessment

Q1. The position vector of an object is given by: x(t)=3t>-t+2 m find its
position at t=2 s (= 3L~k +2 LD =3(2)%(2d>+2 =12 -2 +2=12pn

Q2. The position vector of an object is given by x(t) 3t2-t+2 m find its
displacement in time interval fromt,=2s tot y N
x‘ — (,2) 2_'2*__2 =\l Yo = 3(-3)2. 3+ 2 = 2%‘ AX"' L1—=—X, = 26-12=+\4m

Q3. A particle moves along the x-axis according to the equation x(t)=
t>+5t+4 m, find the welocity of the particle at T =5 = tfae ok o= Qsllal)

V o“l — Q.’c+5 AN wju-f,n_s \(..-2((_3,,.5 — -,-_;]_m/s

Q4. The position of a particle is given by
x(t)= t2+4t-2 m, what is thesaveragewelocity during time interval from t;= 1

stot,=2s
iz 45 X = 1) -\—Ll(l) -2 I+y-2=3m V: Xa=Xy _10-3 =ImJs

k’-‘: 249 ><2 :(2)2+’-|('2)-2:L[.t.g_p_=1om \:z-tl 2 -\
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Assessment

4 2
\=2t14t -2
Q5. The velocity of a particle is given by v= 2t3+4t2 2 m/s find its
™ e ge ot G 63 = 78k
Q6. The position of a particle is given by x=t2+2t-2 m find its acceleration at
t=1s x:_t'z_‘er__'z

V= X - 2t +2
G
A= dvY _ ¥ A m/s?
C{t dt 44




Y _i S
Motion with Constant Acceleration

x© mo"e' Koz O Change rate of acceleration with time is zero
ot T cp Vose £ » B lLy g3
x :final position . o
<= o x :final p - =

for”

o .y U\ e
X, :initial position ¥ &7

e v :final velocity =~ «=*ut 6.~
S g Voo v, : initial velocity e\sw¥,e(_ "
a : acceleration 8., —~~ 1|
t : time 9’ I\

(:-JC /‘:lﬁ -w QA

s PFP LA Ok LN us Ip
Ao A

Yo t v

o o=z <
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V= Vo +at )
X-x = Vot +3at

Equations of Motion are: Vi= %+ 20(X-Xe)

Im---- Remember

°* a=constant

X=2x,+ VUt += at2

2 * Ifthe objectis
2 x = x.+ Dt v v X v initially at rest
0 v, =0
- _ _
3 v=v,+ at % v v v Co3 52 J e 2

* When a moving
object stops

4 v =v5+2a(x—x,) v v v X —
_ v+,
VT2
y R u:-JJ—J“ﬂ = olero-f (kS ) "



Exercises

Q6. A particle starts from rest with constant acceleration of 9 m/s?, what is
its velocity after 4 sec

Q7. An object starts its motion from rest with constant acceleration of 10
m/s?, find the displacement of the particle after 1 sec

Q8. A car starts from rest to 40 m/s in 8 s, What is the acceleration of that
car?

Q9. A particle starts its motion with initial velocity 10 m/s and constant
acceleration 6 m/s2. How far does it move in 2 s?

47



O/‘>\/—>\ s
q 18 27 26

Exercises

Q6. A particle startsifrommest with constant acceleration of 9 m/s?, what is
its velocity after 4 sec

Uo=0O Az Am/g? V=17 t = 4sec
V=Yorat V=0t q(4) = 36 m/s

Q7. An object starts its motionfrom'rést with constant acceleration of 10
m/s?, find the displacement of the particle after 1 sec

Vo=O A= tom/s? ODX=X-Xo=127?
L=4S
xX-Xo = Uot ¥ Lat?

AX = O + L (0)(1)2 = 5m

Q8. A car starts fromrestto 40'mJ/s in 8 s, What is the acceleration of that
car?

Us=0 U=40 m/< +t=23 O.=22
,V:-' Vo -rab :U-"VO — a—/ L= U-Veo
t } 4 +

A=4o-0 _— SEm/s?
b

Q9. A particle starts its motion with initialwelocitys20.m/s and constant
acceleration 6 m/s2. How far does it move in 2 s?

aa.aw

\
N
w

'Va: (om/s Q= 6m/s? t X-Xo=127
X—Xo = VYot -+ —.‘ZCL'EZ

DR = |0(2) & _.ZL[G)LZ)Z:JO-H?_: 22 m



Free Fall A bsed!

ANAANAAA—

(:/"t C::-'.)L.é“’):’/vc ’-\:‘J\ & A
* The acceleration due to the A
gravitational force is constant

g=9.8 m/s? il

f ‘a2 e aw\dy ~UCe &SP
\ . - -7
* Motion under the influence of a a=-g ? 98
gravitational acceleration is h
called Free Fall - g=c

”\
* Free fall is one dimension ! \fo-wM/,CL

motion /\

1’(4-3) Col’ o al A NoGen s ¢ st
TL (4-3) ‘o 2ioc, 0o awl Qs kWP

s



Free Fall

%4

N IS 7
o

»

ﬁl

Y%

Motion of object thrown up in air
b,,os:"
- * Yy
‘e, 7
4

a=-9.8 m/c?
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V=o &'Cn...u‘ u':-' e
Free Fall
AT maximum height
Velocity = 0
. Up + | Down
gedts= <.=~6_,J‘ Velocity: 1 Velocity:
wes o Upward ) Downward
Decrease J Increases
'l v 'l
Slows down Speeds up
Ge—3\ £,

The acceleration is downward all the time

Be careful slow down and speed up are tricky terms

50



dhink otbout Jhat

.3 |, ~C {.,(_;\Il 7o = cu—t ad (-~
* At the top, the velocity is zero although still
there is acceleration

* A particle moves with a constant velocity

=>» the acceleration is zero
- &,C_A\—: Ax L = ) Joy ol




x 2y vertical axis
a = -g positive direction is up

Free Fall

F Zio - Qg
e
R SOy
CaGEr—r
2 y =1y, + vt v v v 'V:’l/a-st
| a'ﬂo :’Vob--%-_sta

Y= Yo +vot__ gtz

3 v=v,— gt X v v
V2 =V =23 (Y-Yo)
¢ vVP=vi-290-y.) Y 7 X . .
.- . jo: 9!-*:'>)| ferd |

\ * - W=
J :5-5 L“”J‘ &t 52



Assessment

Q10. A ball falls freely from a top of a building 20 m high find its
velocity when it reaches the ground.

Q11. stone thrown vertically down from a top of a building 20 m,
find the time taken by the stone to reach the ground ?

Q12. A ball thrown straight upward from a top of a building with
an initial velocity of 12 m/s. What is the time at which the ball
reaches its maximum height?

53



Assessment

Q10. A ball falls freely from a top of a building 20 m high find its

velocity when it reaches the ground.

2

> Yoz26 _ O Vo=0O
= U -—23(&-30)
,1/‘2.

©*~ 2(9.3) (0-20)

i

V= +2(9.8)(20) = 2392
— Y=o L
f’Vi—/BCIZ => V=19.9 m/c

Q11. stone thrown vertically down from a top of a building 20 m,
find the time taken by the stone to reach the ground ?

<

|

Jo=20 J=o Vo= 0 V= (9.5

V=2po --3t t= P~-Vo

= ~/9.8-0 =28
-d

-97-2

Q12. A ball throwmstFaightiipwaEd from a top of a building with

an imitiabwveloeity of 12 m/s. What is the time at which the ball
reaches itsymaximunuheight?’

V=o
Vo= )2 V=0 ==
\I-‘?l?-
V= Yo —-‘7-& = U720
-9

—7.3



20l it Lol
Free Fall

&(}J/\Véﬂ S U dses o8t Lot
Time to reach maximum height (top):

%

g

E - V-Vo
B

V= ’VO—-ﬁb

Prove!!
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Assessment

Problem 1: Eo==2 XozYy VvV

The initial'position of a particle at time t=2s is 4m. What is the average velocity if

the particle at time t=12s is located at arfinal position 6m?
=12 X=6
Problem 2:

The position of a particle at any time is described as the following x(t) = 4t*m/s.
What is the velocity of the particle at time t=1s?

1) y= X—Xo | xcer = ut?
t-to V=adN - RE
- 6-1 §
12 -2 V= 3() = Bm/g
= 0-2m)g |




O X

Chapter 3

Motion to two and three Dimensjons

2D ?’L
~\A xrj z
b4 Y

J

. |

L, '




3D coordinate system

In three dimensjgugj coordinate system there
are three orthogonal axes: x, y and z that

make 90° to each other.

______ -V
Position vector, velocity vector and <
acceleration vector each has three eor | X | ¥
components ot | DX ::
. lazr| 2
A= (BAy M) = AR+ A9 + A7 g o o
- 3% B = 3% 44y ag " \it| 5C
3 C

. i N "
U},'—'n, A-.—. 3):' 1""'7-'-22
B e SLa''3
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Velocity and acceleration in plane:

o\:[\; :T/\;.uoang( J“-;"; _;@a.l\ 2 N U_l_,.p)\?;w}[

*In 2D & 3D: velocity can change magnitude and direction.

au}!ﬂ_;wa-‘u-’ 2es grt—-d‘_u,'_suf c;.u db\r_J\ﬂ,u 4_1 :
C\J_r—J _J“‘ﬂ—‘ NEYY I a(;gl f/

*There can be acceleration even when the magnltudes
of the velocity does not change.

* An object that travels along curved path must have

acceleration FUTER- A S o P D 2 S
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by sl Position vector:
r'= (1,11 =nX+n)+r,2

&~ Velocity vector:

g

U= (Uy, V), V;) = VX + 09 + v,2

dx

K

Acceleration vector:

a = (ay ay,,a;) =a,x+a,y+a,z

_ dvy

=g

_dy

v, = )
Yoo dt

ay

_dvy
odt

Uy

r- tx +3t236+ 5tz
~ A n
Y=1x + 3_'j +b2

m
c.(.‘\céjvl
. 2 n ~
dz| V=3L*+6tY+52
— d J 4
dt Vyt V_'j vz
E=1 Lol ot !
V=3X +69 ~5Z
m/s
Fr I




Assessment

Q1.
Velocity of a particle moving in space is given by:

V=4tx + 3y — 82
What is the magnitude of the acceleration of the particle at t=1s?
A4S VAPl LU oae £ NAaels

— ~ 3 A
AL = _(i?{ = Hq x + 3t 5
d ¢ E=1 LDant
A=yx ¢ 3Y (al=]) 4% + 3= 5m/s?
Q2:

The position vector of a particle is given by
r(t) = [(2t — 3)X — 3t*y + 4t2]m
Find the magnitude of acceleration at any time?

f()= (26-3 )2 —(3*)Y o (4E) 3

N:d?=2£_6t§+9€

at
_ - i % A
O—TQ’V:O.X-—éj +~ O C
d<

Q|
)

-6 Y m)s 2

= —6 m/c”



-é_\.a-)\:_&\ C_J\_:o:/;_-a_il C-\rf
|deal projectile motion:

..,a_,\a;\( oafcr" Orlasy o= ) -
* Projectile motion can be described as a motion in two dimensions.

-

'::\:_)\AA
* Ideal project motion is any object that is released with some initial
velouty and then moves only under the influence of grawtatlonal

acceleration. o) Fas ant AN o8 s 2 qe Ghs s FEPATE
W’9\ oz L\gY .b‘" e s

* ldeal projectile motion neglect air resistance and wind speed, spin
of the projectile and other effects influencing the flight of real life

rojectiles . _ .- ) )
PTo) A, s ASN 5 YN e s s Sose e

61



OL;S-L -:L a:’-')\.;( 25> L‘,I?,..—-(-;? oyt st ofl o X

Ax = O § = cNSse oo _._p,jg&;;.sx\‘, syl %
<s € N I ales KN ap
Ay = O \Ix = Vo cos©

(f\la,i.Jl_‘A}M.;g_b) JAY VAU S NP LR QUNE G -

(Vo‘_j = _ U eed Lo oy 5P\ e N
’)é - VoSino_ 9 3 228\ AF s ¢ )
/\L/j - zZeco z&:a:/ﬁ ua”\'i“‘ f__\;’,f?\qng\

aeb 5_5\,;!- '._;9_,5.\ %

g \\’): W"

I
T &?4553\1-»5' Qe ~\ ¥
V= oo+ Y Y 1Y = e
— N ~
0= 0x -39 G sl £l v



Projectile motion has two components : g
e x-component in the horizontal direction w2 X
e y-component in the vertical direction SV =)

Y
* position vector:
: A Ux=Ucos©

r=0,y)=xXx+7vyy

Ux=Ucos©
* velocity vector:

A
M x 4 VyY

Uy = -U sin 8 N

U= (vevy) = % X d_yf’

e—

O Range (R) = X

e acceleration vector:
Ax a"

a=(0—-g)=—gy

62



Projectile motion has two independent component :

Acceleration: -

In x- direction = motion with constant velocity —a, = 0 m/s?
In y- direction - free fall a, = —g = 9.8m/s*

Projectile Motion - A Vector Perspective

no vey;galtmotfon Projectile Motion is a
¥ e combination of the two
The motions
ve':t’ Cal slow down as it ;
Motion of goes UP speed ug as it
comes down
the ball
g A
The acceleration,
due to gravity is
causing the ball to
c:';‘,g',g The Horizontal Motion of the ball

There is no force in the x-direction so
there is no acceleration

X &\s\ g, 0%

Velocity:
os\ S ¥ o
Initial Velocity components:
V,r = VU, €OS 0O
Voy = VU, SiNn By

N 2
vo—Jv0x+v0y

-:-; Wt
Final Velocity components:

Constant v, =wv,cos0,

Changing v, = v,sinf

v=\/v§+v§,

63




Zange. =

/L{ax ImuA HQ.(O\\ut

H = (/Uo Si'n 9)2-
-9

/2501‘76

-

1%\‘-‘:’/\ =\

R = /Vsz S 29
J

f—/,yéé frm€&
Trml  Fo Max //9#7&,(-

f: - /VD J//)@

£ (P81 Oop S, o



Assessment

Q2. An arrow is released with an initial velocity of 100 m/s with an angle 60°
above the horizon, what Is its horizontal velocity?

Q3. An object is thrown with initial velocity of 40 m/s at initial angle of
30°, what is the initial vertical velocity?

Q4. A ball shot has initial velocity 50 m/s and initial angle 60° find ball’s
position at t=2s



Assessment

Q2. An arrow is released with an initial velocity of 100 m/s with an angle 60°
above the horizon, what is its horizontal velocity?

- AN G RS\ WCV R WA

Ny = VoCos® = |00 Cos 60 = 5om/s

Q3. An object is thrown with initial velocity of 40 m/s at initial angle of
30°, what is the initial yertical velocity?

\ft:j — \lo Sin®B —= 40 Sn30 = 2,0m/g

Q4. A ball shot has initial velocity 50 m/s and initial angle 60° find ball’s
position at t=2s

oG s hr pan e Boms 2 s 68 el o Gass
o~

—
f Copioas ~) wosf
~ls ) i}
( W u*" \]yb—_: Jo S B

Uyp= oCc»S@
— \Uy=VNeSin0® - gt
= J-Yo= VoSinBE —L4t2
(5o, 61) 2'__;([/,5,-,,?3_ 29 [j-j)
59 ~—A~"~— oA mas K gD 9A
AA X=\Nxt=25x2450m
Nog= Ve Siv 6= BOSivi0 =433 S

Y- Jo Vesin@t - 912
; Y0 = Y33(2)-%(@. 10}
X =50X 639 wm &=6¥m

VoX = Ns¢os© = hocCeséo =25




Maximum Height, time and range of a projectile

: : e\m st
* Maximum Height : d'ad
v2sin?60

H=- 28 &~ Projectiles trajectory take a parabola shape
* Range: UL

V5 sin26 Max Height

g Vo
* Time to Maximum Height: |
“\ SRV-94 ——
I S Aaf _
v/ v . V,Ssiné Range
g 60° .-~~~ _
‘ _.-M__ 45°
e A proLectiIe reaches its maximum height when the /' PPt .
launch angle is 45° RASPT I Ee RN
R 300 N\\ . \\
V2 e B B
— — LAA—
Rmax - at 6 = 45° e e C—— MaXimum RaNge m——)
Y& 2|V il el o uD  w asis|




Assessment

Q6. An object is thrown with initial velocity 20 m/s and an angel of 30°
above the horizon, what is the maximum height for the object?

Q7. Aball is thrown with an initial velocity 30 m/s with an angel of 15°
above the horizon what is it's horizontal range ?

Q8. A projectile is thrown with an initial speed 10m/s at an angle 30
above the x-axis.
1. What is the magnitude of it’s velocity at t=1s?

2. What is the maximum height, the time needed to reach max. height, and the
range of motion?




Assessment

Q6. An object is thrown with initial velocity 20 m/s and an angel of 30°
above the horizon, what is the maximum heéight for the object?

(Yos:00)* Cot it o
W= @esnB) = (208m30) - 5.1 m
29 2(«.2)

Q7. A ball is thrown with an initial velocity 30 m/s with an angel of 15°
above the horizon what is it's hn@_tﬂ_rmg
2 VIl 8l Y\ Gslle O

/2: ’Voz&‘nQ@ = 30" Sn (2xis) — 4S.9.m
Y 9.8

Q8. A projectile is thrown with an initial speed 10m /s at an angle 30
above the x-axis.

1. What is the magnitude of it’s velocity at t=1s?
2. What is the maximum height, the time needed to reach max. height, and the

range of motion? . \ . - _
5.0,V Jrpeias as I Lae e

Yo 240
fl—) Vs} = Vo Cas@ =10 ces3o= 8¢
Ym VOJ = Yosm@® =/0&v30=5
Ye \S o~ ey o !
V;L =06 v Nx = 266 m/s

Ny —b \/:j—_:\fo.scn@-ﬁl: =5-9.3U)= -4-3m/k

— - ~ — "

\| = 866 - 4.9y V| :j 3.66+(-4.3)= 9.9m/s
2) Max hegln Hhme +o Max-Weeq s Lange

k= Wosme)*® k= VeSin® R= Vol S (26

29 3 g

—(10830) = 1.27m | E=10 8030_4 ¢ |R= /05w (6e) - 23
2(q.2Y q.8 q.% m




CHAPTER 4

Force
'b;‘)\



b‘é)‘"’ el v AU
S ¥ Qo Al u—lan
Force:

* The mean for objects to influence each other.

* A measure of how an object interacts with other objects
* All force are vectors ===

-

f=fR+ 9+ 12 F=3x

SI unit: Newton (N) p-a3r4§
In SI base units: 1 N = 1kg.m/s* i/

QM-:: i-—t—‘%é-r-:?' = \:':'.3;:," = Lr—-_\_;-ﬂjlbmpﬁ 68




Types of forces

» Fundamental Forces:
A. Gravitational: Force y@ere an obj‘.gt a.t.ttacts another object taward itself.
B. Electromagnetlc A_t];r_amon an Le.p.ulsl.on forces associated with electric and ma.g.n_etlc fields
C. Strong nuclear Force: which ﬁ‘n_ds elementary particles to form larger particles. 2,2, ot
D. Weak nuclear Force: acts between elementary particles on the length scale of an atomlc nuclel

« Contact Forces: .
Jis s Ui! .
A. Tension Force: trapsmitted force through rope, cable, or wire when its pulled. N P
B. Normal Force (S 08T acﬁonz exerted force upon an opject in cantact with another stable object.

-

C. Spring Force: exerted by compressing or stretching a spring attached to an object. e p 9! —
D. Friction Force (Static or Kinetic): exerted force by a surface on an object moves across it. §° 79 d,..l./ J\ez ot

EF—;—'_\ U:A)A:J‘J'{’— T v

N Pl I Y P N';\S\ -A
?})’P@- l‘_ B a._;.:/':”;nrs‘ £
SR & 5001 o 25 Us - €

-

yor 1> OVTedas D chsded o2 E R D
-—



w9 =" N/

_W_ejgh_t versus Mass u—
- Gravitational force (F: o) P * Weight: Al S e 52 N ae
oS 1252 = The magnitude of a force that acts
. Fp =W ’ on an object due to its gravitational
Magnitude: - interaction with the earth or another
W= m object
— mg _-‘).';, «— | | Sl unit: Newton (N)
N [&= w:object’s weight Wz=m9
k’f" m : object’s mass =Foxq.Q . Mass: '&.,.:S
g : gravitational acceleration _—
m/s|& 636 N The amount of matter in the object.
Divecti Mass is scalar.
rec IOh._) The term "mass" refers to the same physical
_]i‘g: —W}7 = -mgy concept as |g_e_|;t1a e
points in the —ve y-diregtion (-y) Sl unit: k||ogram (Isg)
9 - 636 Y

/70



Assessment m = W
Q1. Find the mass of a body that has 294 N weight
-\ _ ~294 — 30 \6'3
9 %

Q2. What is the gravitational force on a 20 kg body?

fg = W= mg = 20x9.9 = 196 VN

= =196 Y

Q3. if two forces act on a block, E =8X -3V N and ﬁz = —8X

+337+4Z“Nwhatistheiru_e_t_£o;£?/\, S 531
Fhe Fux e =(37f--'3j)+( ?2L+3/+‘{Z)_ox+€7+lfz-— L/z



Net Force =lesyiesd

Net Force: the vector sum of all force vectors
that acts on an object. S - P

- -

F . = iFi = F, + F,+..+F,
=1 F3=F1+F2

F2 oo
Free-Body Diagrams /%1% | *Fno:m

diagrams used to show the relative

. . . F )
magnitude and direction of all forces " frict
acting upon an object in a given

cting T oo L2 J
situation. C(Z‘ \! d)a).\ss't:"%’ xS + Fgrav

<+

app

Net of Forces

Instruction : Calculate the net of forces act to an object and the direction of net

forces.

1. Look at the figure.

N

. Look at the figure.

<__.__, Fret = 63 =3¥
= 3%

v e o2
20N a

w

. Look at the figure.

12N

4. Look at the figure.

Hoxr

SN

-‘_ _‘ rllfk - \e-S

. ‘:l-“
~tx

-—_‘2N‘3N Vhai 5&'

5. Look at the figure.
2

:Sat

Fres, 12-8= 4

7N'
—

—— Fu%

5N

teLIVEWORKSHEETS




Jod (s~ nsls PRI N Y, ] VN
Newton's Laws I D o
P T T~ Inertia: is an object resistance to change its motion

assd\ !

-

Newton’s First Law: The law ofiingrtia :

If the net force on an object is equal to zero, the object
will remain at rest if it was at rest. If it was moving, it
will remain in motion in a straight line with the same

constant velocity. &= g — 352  faee=O
Q=o o o — CRY I

3' \ o _ With no outside forces, this object will
'}p‘.’- ”‘ Fret = 0 never move
}-P 8)\.«‘ a=0
Q(f With no outside forces, this object will e A particle IS in EQUILIBRUM,
| | o never stop the net forces acting on it are
- ro. . - . .
- velocity _ - £\ o LS~ : \
ST Sl I OFAE s Sy bsu i




i AU Iy -\:_-': mao. _5:_%&" m‘-‘?'w'

' neét
Newton's Laws 11 57 A0 S A 65 (S WS
Newton’s Second Law: ool o ! Ll e ® g T a8\

If an net external force,|F,,.. |, acts on an object with mass'm) the force will
- ﬁ - - -
cause an acceleration,a |In the same direction as the force:
9

9
F,.r = ma
e Acceleration has the same direction of — — —
the net force that coursing it. - |- aso
10N
3 20N Fnet=20N
F @_a> 10N >
o —
i | o o N Fret=2N
e No Force No acceleration.(constant velocity) < 3 — net=

e In 3D:

Fnet,x = Mmay , Fnet,y = ma, , Fnet,z = mday, )



;..-J"(}.—r—"" OB )y 83!
' _ ) - - - : -
Newton's Laws IlI S¥, & afine s faG, T e
Newton’s Third Law:

the forces that two Interacting objects exert on each
other are always exactly equal in magnitude and
opposite In direc:tion:e

Fioz ==l

Force of ":é
Gravity ous®> '

[__] F1 ="F2
%2 0\ :L\N =
|

] F2

Normal 39:9-‘ ' 1

Normal Force (reaction): Reaction  Qyye 8 !
-

contact force that acts at the surface between two objects. ¥
cvras SN, W= m)
The Normal force direction is alwavs perpendicular to the plane of the contact surface. -




. Assessment .
Q1: When a force of 10 N Applied to a body and make it moves with acceleration of 2 m/s*. What is

the body's mass? = d-’l:::.- '!z'.q =5 ko
Q2: two forces F, = =58 —39 N and F, = 8% + 39 + 42 N acts on a 20 kg block, what is the
- - N A Py - — - . T
magnitude of the acceleration? F;et- =3>x+YZ [F/;- ,/3 2 =GN Q= ’T.f: = :2% =02 m/fs
Q3: A particle of mass 3kg moves with acceleration of 5m/s2. Find the magnitude of the force acting
on the particle? F=mca = 3(s> = ISN
4
Q4: The force acting on a body of mass 10kg is 300N, Calculate its acceleration? & -"-’-g :5"—“":30-"!/1
o

Q5: A 3I§_g_object undergoes an acceleration given by a=(2x+57)m/s2. Find the resultant acting force

onit? F-ma 3= 3(22:.1‘5)’).::653 1-!?9 F=/¢ct4is2 =162 N
Q6: Two Forces acting on an object are given by F1=(2x+3y)N, and F2=(3x+4¥V)N. The object
experiences an acceleration of magnitude 2m/s2. What is the mass of the object?

Q7: Two forces, F1=(x+2y)N, and F2=(3x+2y)N acting on an object of mass 10kg. Find the
magnitude of the acceleration?

Q) Tree=52+77  |F]=J52432 = 84n  m=F= 2l-u3ks
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Q7) Fage —..-47’:‘1—0)7 |F| = Jqiruz =5 6w oz £ = 566— 05

vl
Ropes and Pulleys o
i A
Tension In a rope has the followmg characterlstlcs _ _
1. Itis always directed along the rope 4 I
2. Itis always pulling the object IR

3. It has the same value along the rope
4. When rope runs over a pulley, the force has:

/,s _~>* Same magnitude
3 » Different direction
M"q
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Rgﬁéls and Pulleys
| Fowsfordiffesncomes |

T[T T T
\6
me mg
T—1 T = 1
—Emg _Zsinemg

« A gymnast of mass 55 kg hangs vertically from a pair of parallel rings.
1. What is the tension in each rope if the ropes are vertically attached to the ceiling?

T=4(542
= 26a.¢ I

2. What is the tension in each rope if the ropes are attached so that they make an angle 6= 45?

: T = mng o A (5'5'_}61.
} ch s N\& 2S$rnus

PERY RN
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4.5 Ropes and Pulleys

* Force multiplier

_— 1
~on 8

m : mass
T : tension required to left the mass with constant  fguRre 4.12 rope guided over two

. pulleys.
n : times the rope turns over the pulleys
g : gravitational acceleration

FIGURE 4.14 Pulley with three loops.
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4.6 Applying Newton's Laws
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4.6 Applying Newton's Laws
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Applying Newton's Laws /

F, = 40N
Examplel:
A box moves horizontally on a frictionless surface as shown: B
1.  What is the acceleration? F, =10N / 60° —
2. What is the normal force? T lokg ||

X-ax1s: a, = +a
F, cos(0) - F; =tma
40 cos(60) - 10 = 10a
20- 10 =10a
10 =10a
a=1 m/s*

y-axis: a, = 0m/s*
F, sin(0) +N-mg =0 }
40 sin(60) +N-(10)(9.8) = 0 " €  F, cos
N=98-40 sin(60)

N=63.36 N mg 82




Filon ¢ mn?;/._“_{b .
N F;_Si'ﬂe
y | ; | \ Cos @
F, ¢ .1—1\ s k
m9

J okl g 02X £ A oo (2

ag;o
G_r S X olsbh &,g:»’l L
x
P o — b 2Ges©
yoWN Yocesép = 2°
fIx= Qo0 -10 = OMN _»
Ox = ﬁ. - [0 = dm/® o
A —
|O
Ay = o o) B o5 D

CD:F} U< a el Q\o:;n_s o FI

N F3inG
E HoS8inép = 3U.CuN Fy= Nt Fsin©-my
O =N+ 34.64y—19¢g
mg = (0 (4.3)= A8 W N=a3- 3%-6%-_-5313/5



Applying Newton's Laws

» Example2:
What is the normal force of the two books of an arbitrary masses on a
table shown In figure? A
R = "0 M2 My Vl
Fo..=0 N 9 7 M, ELEE
ﬁ+ﬁg1+ﬁg2:0 | N
N = —(—myg — m,g)
N = (my + m;)g

Note: Normal force points upward (+ve) and gravitational forces points downwards (-ve)



Applying Newton's Laws

g
Inclined Plane (Wedge):

What is the acceleration and the Normal force?

Forces: 5B
1. Gravitational force(mg)
2. Normalforce (N) "ni‘

ey
Horizontal axis:
-mg sinB = -ma

a=gsin0O
vertical axis:
N — mg cosb =0

‘N =mgcose

84



Applying Newton's Laws

n,

Two Blocks Connected by a Rope m; <m, :
Block m, placed on frictionless surface.

Forces on block my "
1.  Gravitational force my g

N
2. Normalforce N A a
3. TensionT >
* Acceleration (a) : In the same direction of tension [ right direction = positive value ] T
I e
1 *,, \
AN
* Forces on block m,: Yl 1
1.  Gravitational force m,g 7 ' ™
2. TensionT m,g
. . . . 1 7
* Acceleration (a) . downward direction = negative value a |
v |28
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m T a m
N l 2
m.g T * myg

Block m, Block m,
X-axis: y-axis:
T =mya (1) T —myg=—-—-mya (3)

y-axis:
N-mg=0 (2)

Solving equations (1), (2) and (3) together to find fora, Nand T :

mge mim;

a=m1+m2g N=mg T:m1+m2




Applying Newton's Laws

Atwood Machine

The Atwood Machine consists of two hanging weight (with masses m; and m, ) connected m, >m,
by a rope running over a pulley. —
Find the tension force and acceleration?
ms;
Block m, Block m,
my
Forces: T Forces:
1.Gravitational force m,g T 1.Gravitational force m,g
2.Tension T 2.Tension T
m;
a a
l | T
Acceleration (a) :Downward e Acceleration (a) :Upward
y-axis: ? y-axis:
mig—T =mya (1) \7 T —myg=—mya (2)
Solving equations (1) and (2) together gives: m
mp; —msy T T —
a = =m —a) or =m +a
my +m, 1(8—a) 1(8+a) .




Summary I

Acceleration for different cases

_ _ m;
frictionless a=gsiné frictionless a=4yg (
s e m; +m

m, >m, ]
m
()
a=4yg
my + m,

88



Summary II

Forces for different cases

[{ L”J:
e

frictionless N =mg cos 6 frictionless

my +m2

)

>M
= =

T=m(g—a)=my(g+a)

89



Assessment

e
Q6. A block ( m = 2.7 kg) moves down a frictionless plane with an

angle of 9°, what is its acceleration? - .
O=-gsrn@= "9.85nq = 1-533m/s

mq

Q7. Two blocks connected by a rope as shown in figure ( m, = 6.3kg
and m, = 3.5kg ) , what is the acceleration?

——

M+ 12 6.3 3:5 o .
Q8. Two masses are suspended by a rope as shown in figure if m, =

6.5 kg and m, = 2.5kg , what is the system acceleration?

L= M- "mMz2 g = 65 -2.5 (q.8) =4-35
m,-—p—fhz 6.5+ 2.5 sl

A= Mmx 9 = _3.> \ﬂ?) =33 m/gz—




_‘/ \ o B\ o,
Friction Force

Basic characteristic of friction: = .- .o o« <.« ..

1-1f an object Is at rest, it takes an external force W|th a certain threshold to

over iction force and make object move N3P € v Lz s onP 0
2- The force needed to move an object at rest Is greater than the force needed

to keep it moving with constant velocity. 25% O s ,rf“ —{i’:_' > /;:j;;“
3- The magnitude of friction force is proportional to t rnormal force .

4- Friction force is independent on the area. sv2,# %) &2 0— L2 olS20 %255
5- Friction force depends on the roughness of the s.urf.ac&s. Q> f uS asel ¥ 5
6- Friction force Is Independent on velocity. o °~.’-> fe ":M-‘
;‘__p-«.) S (\Xy AR~
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3(_‘,,.(

Friction Force types

SHL — &St
1. static friction: the case where an object is at rest

. relative to its supporting surface
kf‘ S5t

_lme_tls:_tu_cj:mn the case where the object moves
across the surface

AJ
)PL::NJAh
i L p BN
< ,’5 d‘:w S, max
(.',,J-r-[ - —) T %ugf
g8 ] o X |

v 9 Y
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Static friction:

*For any external force acting on an object that remains at rest, the friction force f; is exactly
equal in magnitude and opposite in direction to the component of the external force that acts
along the contact surface between the object and its supporting force.

—

*The magnitude of thelstatic friction forceé has a maximum value ﬂS > K
g ‘_) i - . .=
(::‘: / = i‘ 2= sl fs,max = ,uSN fsmax : maximumsfatic friction force
Us : c oeffici f static fricti

N : N ormal force mg

. . . L. -~ -
!(metm friction: N f, eS\N use I\So, 21255 ¥o\s
(Kinetic friction forcejis always opposite to the direction of motion of the

object.

odf, dTo¥ | 05 Ayl fe: kientic friction force
-7 ) — : fficient of Kinetic friction
fk — ‘ukN Uy - c oefficien
N : N ormal force m 3
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Friction Force Summary

Normal force

Kinetic friction

S~
force ~N

/ N
Kinetic F[‘£tion Staw _}(S'
szﬂkN fs, ax = UsN lg%“‘ \.L’l-‘b
R \\ static friction
coefficient

. I
C(j\d LC":-O b AT \2a© Kinetic friction
- coefficient

Maximum static

friction force

* Friction coefficient is always equal to or greater than zero

Cilo OB oy yolee

u=0

* |n almost all cases, is less than 1.
e

1>u20|

* Friction coefficient has no unit

RUEBT RIS

&0 s ©J UTJJ_’

Co M)

T .'.'-"mj




§ Ao s
Applying Newton's Laws with friction

Acceleration for different cases
-m ._ L:L
=
m
d\,q.‘.'.a\ usA> | frictionless a=gsinb frictionless a=9g (m1 _|_2m2>
C..- with . with (mz - Hk"h)
\ = —_ .. —
L)L' c* friction a=g(sinf — py cos o) friction ¢=3 my; +m,
© e A
\, X7 >M
é@_‘,ﬂ v EAE R
]
(e sm)
a=4g
my + m-
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Applying Newton's Laws with friction

O,

Forces for different cases

 pd ’ \
> |
P
5 E
. . mym,;
frictionless N = mgcos 6 frictionless T=yg ( )
with with 1+ py
- N =mgcosf - T =mm,g
friction —_ frictign m; +m,

m, > M,
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Assessment
Q1: J‘l’-

Ablock (m = 2.7 kg) moves down a plane with an angle of 9°. If the friction coefficient equals 0.3, what is its acceleration?
e -
Q2:

A block of mass 5kg which slides down on a plane having an inclination of 15 degrees.
1. Calculate the normal force?
2. Calculate the acceleration, assuming the plane is frictionless?
3. Calculate the acceleration again assuming the plane has a friction coefficient equal to 0.25?

Q3:
A 5Kg object is placed on a table and is connected to a 9kg object using a cord that passes over a pulley:

1. Calculate the normal force, tension force, and acceleration assuming the table is frictionless?
2. If the table friction coefficient is 0.3, recalculate the tension force and the acceleration?

Q4.
A particle experiences multiple forces as follows:
F, = [(-3)2+39+ 42N ,F, = [R—59 —42]N ,F; = [AR + By + CZ]N
If the particle at equilibrium (The net force is zero), what are the parameters A, B, and C that satisfy this state?
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Ql:

Ablock ( m = 2.7 kg) moves down a plane with an angle (ﬂ‘)" . If the friction coefficient equals 0.3, what is its acceleration’

a;‘j (gin @—ﬂg(ase)
= 9.2(8n9 - 0.3Cos)

Oo— 13} ~/c?

Q2:
A block of mass Skg which slides down on a plane having an inclination of 15 degrees.
1. Calculate the normal force?
——————
2 Calculate the acceleration. assuming the plane is frictionless?
8L Calculate the acceleration again assuming the plane has a friction coefficient equal to 0.25?
-

) N=mgcos6 Z

= 5(9.8) Cos IS = Y. 3N

2) =g smnls5 = 985nI5
= 2.u5 w/c?
) O = Lg@:n&_- Mcoso)

= 9.8 (Sinrs — 015 Cos )
O-(64d m/g2



Q3:

A 5Kg object is placed on a table and is connected to a 9kg object using a cord that passes over a pulley:

1. Calculate the normal force, tension force, and acceleration assuming the table is frictionless?
2. If the table friction coefficient is 0.3, recalculate the tension force and the acceleration?
La—— —_—a

; e

5 N= m,g:s(q.g)z-_qq/u
o

__.,.qg[_g__ = G323 m/ik*

(2 o= (j(mz..ﬂlcrhl) = q.s(q_. 6.3(5) )
\f My M= h_‘_;_/
66//9 — 5.2¢ \('\fJ/,fa

1= f"r"‘"?ﬂ (H—/’k_

m,+mwm*-

= dxsxq.8 ( \+03 — Y0.95 1/



Q4:

A particle experiences multiple forces :15 follows:

F, = [(-3)+39+42]N.F, = [R—59 —42|N,F; = [AX + By + CZ]N
If the particle at eﬂuilibrium (The net force is zero), what are the parameters A_B. and C that satisfy this state?

FI + F2+ FZ = ©
N N\ 2 - O

(-—3+1—\-A )x,—|~(3-‘3—\-8)j+(q ~qtC)Z =
—24Azceo ‘A:’:Z

~-2x =0 B:ll
O xC = o c,:.o]




CHAPTER 5

Kinetic Energy, Work, and Power
o s a3 8 /2l




Energy in our daily lives

Ly B2 o) - e s (b
Mechanical energy: Kinetic energy & Potential energy
Thermal Energy o1 »
Chemical Energy eo.ca-S

Electromagnetic energy mx_.:,/ /—/ \

Solar energy o t"'“"’

Electrical energy « v 5
Nuclear energy &8

NoUbkWwWwhE

Energy: The abilil ' 'K
t! ’; '/\:S\US O/;ﬂ.)‘
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Kinetic Energy 27N eolhd)

AP LY aen SN S JIS ) DS
* Energy associated with motion VN Qe
oslo @V

* Kinetic Energy : , K: kinetic energy

1
K = ; mvo m: mass

v: velocity O
E;‘J)‘t-.)_,-x QL—CIJ\YZ:—f\M f

UsS) 0 0 95— L Uady (Vs &S

 Kinetic energy Is scalar .
* Unit : Joule (J)
e 1J=1Nm = 1kg.m?.5

* Kinetic energy Is always positive or zero (K=0 for an object at rest)
)P 9\ M.ﬂp Cé\-’ OJ‘}‘ co o

'IJ’ = jlc‘_g.mz- S‘z
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Other units for energy:

Cd 2 5551« electron-volt  lev=1.602x 10?

S, ¢ calorie 1cal =4186)
* mega-ton 1 Mt =4.18x10%°

Kinetic energy in 3D:

s v = vi 4+ V) + vy

x 1 l
| K

)
1<z

U—-’_‘;ﬂ-‘, Cff‘ B2
%

e v - lo‘ﬂleFb d—




(VENER=
A
Assessment

Q1. What is the Kinetic energy of 30 kg object moves in 4 m/s?

K:é—m\lz = -%_‘ 30, ‘42:2\404‘

144 X v
Q2. The kinetic energy of a 2kg object is 100J . Find its velocity.

M = 2. 1¢9 KE =\0o N =17

K= 3mv? JV"-"*—;

AK = my™*

V= 20 . |20 _ |om/s?
M

A
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Work Qa8 ?__“'\ﬁ:"‘

The energy transferred to or from an object due to the acfion of a force
. Work is scalar - 2= © (o UL o 2y &1ole HhoaslS

Lo $) \
'Slunlti\_]_(lj_[e(\])f \ N m’o-b\h)\w\}._,... JW) v P gl

* Positive work : Transfer of energy to the object. _ TS
* Negative work : Transfer of energy from the object. e teacs O
Q=L - s0sdl @)
< A [} - - 7. - '
Contents: C""’”-’z‘m“’)r.}t‘h"l‘“\”u‘ i=0sr Ja B
* Work Done by a constant Force (/ll NG oo sy ‘= W () " - @

* Work Done by the Gravitational force
* Work Done by a varying Force
C‘;F’C u,pd,‘_,. -—
N .)_(1‘ 190? de— 104




T

Work Done by a Constant Force

Work is given by

W=I3‘fpd ( aJd A7

Using scalar product

force displacement @zér} e —1j
work \ /

— — W =Fdcosa

S~

angle between Fand d

1* Formore than one force acting on the

I .
: . Maximum work No work
|  oObject e -
! Wyt = F por AT ! F and Ar inthesame |F and Ar perpendicular
| or: ! direction (normal)
I Wnet — W1+W2++Wn |
! | a=0 o = 90°
| The net work done by the net force is equal
| to the sum of the work done by the individual | W = Fd W =0
 forces l 105




owC 55005 Jrat) ol

—_’}'.:-FA W"; ¥A & =0
a
= >k W= -Fd ot - 180
=
é_bd W=o0
N ——
/F
v}
W= FdcCose = 1[ o T d
_ ]\,/vF' W= W, +Wz2 5 W3
F'; 5 W = F;net.-' d
CJ‘: A\(-':' \(z—Y‘
I
;‘X ")
-~ 00—
i‘i’ 2‘7L"‘2'9'\"Z ( \:JA’ ...a-va,‘_,)Iul__Pn—/L'
B - ux +8'9+2'z_ CosoL = A-B
AB<124+€+2 = 20 /AHB/

? ’,9' 5—*42';‘-“ C.{.:"a/__a_v"-g‘ fJ\?\"-—S’\
e A-B 20 — 20 < £.9

AL 1Bl faran Jeeaeu /2




Mathematical Insert : Scalar Product of Vectors

:-Xz(AX’Ay'AZ) Fz(Bx)By;Bz)

* o

* Scalar product 5
7. A.B = ABcos u' —é
2. A.B =AB,+ A, B, +A,B, o
3 A.B =B.A als .o (commutative) A = &

_— >,2 -
4 A.A = |A|ﬁ~ — A B Cos ol

— _1A_B - . -

5 i_ios _(AB) “HJ.") _ n A A H P
6. A.(B+C)=A.B + A.C (Distributive) A-—ﬁx MY 4 2 &
8 X9V=%2=9.2=0 _ B:Gz‘x TBY.? 2
! — =
N AB A0+ Ryl +28,



Assessment

Q1: What is the angle a between the two positive vectors A = (4,2.5)cm and B
= (4.5,4,3)cm?

Q2. A constant force F=2%+ 2% N acts on a particle causing a displacement

r = 3X + 9 m, what is the work done by the force on the particle?

Q3. A 50N force pulled a box on the ground from x1=0m to x2=6m, Find the work

done by this force on the particle.



Assessment

(4,2.5,0)
Q1: What is the angle a between the two positive vectors A = (4,2.5)cm and B
= (4.5,4,3)cm? .
q M.5,4,3)
AB =4fq.s) + 2.50) y06(3)-27
A= [42+2.5° =4.716 lB\ = J 45y 32 = (F27
1
Cosot = A5 _ 2% = 22.06°

/B ’B) (4.716)( {F2%F)

Q2. A constant force F = 2% + 2y N acts on a particle causing a displacement

7 = 3% + § m, what is the work done by the force on the particle?

W:M:’Fod:

(252,,-2@) o (552 *9) = 203>+ 20)
= 2§

Q3. A 50N force pulled a box on the ground from x1=0m to x2=6m, Find the work

done by this force on the particle.




S\ al” sy S 7.ay JoIg)
Work Done by a Constant Force in 1D

—_———
. v
* For one dimension case: D=
F—F, W= F X
Ar — AX A e= B 5) d Jav
= Then the work AR asty )
W =F, Ax = F, (x — xq) 'S

oS B\ L a9V UV 9 ogad) TS 4N
* If the force and displacement points in the same direction fe

(=0, cosa=+1) = W=Fd (positive work) 2+ Va—
» If the force and displacement points in the opposite direction ..sts s &
(o =180°, cosa =-1) = W=-Fd (negative work)
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°")/ cole’ 59 e S
Work - kinetic energy theorem

The relationship between_kinetic energy of an object

and the work done by the forces acting on it .
ES

AK=K—Ky=W

Where K and K, are the final and initial kinetic energy
and W is the work

Assessment:
The driver of 1000 kg car traveling at speed of 16.7 m/s applies the car brakes when he
sees a red light, what is the work needed to stop the car?
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2 2 s ga ) e 2

ko:é—('Z)(l) K=_\irz) 52
Ko =1 ¥ k=257 s\ 2 ) bis
i » |29|— 2ky = NN ,,.(4.\-“5'
Lm)s 5 m/s C'E'\.LJ’\'/C; ot —)
_i)\}'\

- A

QI 1 — o lzh ’L}__.»LJ\
W‘—: 075-'- \ = 2uJ
W: \< — \<o

Assessment:

The driver of 1000 kg car traveling at speed of 16.7 m/s applies the car brakes when he
sees a red light, what is the work needed to stop the car?

m:= 1000K7

k-.-.'li W&

o D

V= 163 m /e V=0owm/s
W =AK=- X=X
Ny = O - ‘2\(\’\\)7'

2 -
W= -1 (1000)(16.3) S3quusd

= —13q.Y45 Kk



3L g5 Lo Pyl gl ot
Work Done by the Gravitational force
(NP BN I(Wer) o —wigs Lo o
The work done by the gravitational force on an object falling down

is
W, = mgh (down) W_m(_g k
d./ & (.u,\

Where h is height that an object falls. } q. g F I

u;ﬂfﬂ'

Since the displacement and the force point in the same direction
= the work is positive (W > 0) = it increases the kinetic energy
of the object X T \L\L +

aff) Sl My g0 38 Lok daml s s



F) To’
Work Done by the Gravitational force |
(83 oIf) SUWN ) (= =W ) MW AI0E7r D=
The work done by the gravitational force on an object tossed
vertically upward is

Wy = —mgh  (up)

Where h is height that an object moves upward.

w’}\ oo 5, LD Lo 3o Vo) plas b\ as\ S %! 3 o3a) s X
Since the dlsplacement and the force point in the opposite directions
= the work is negative (IW/_<.0) = it reduces the kinetic energy of
the object during its upward motion.

Rabab Al-Farraj 111



/Ua—‘-p A t9.r) t\;_a/i\ s, 81 O f oo2)) \h..:/
Work Done in Lifting and Lowering an Object

¢ eFor lifting: PP RY- ; .
ﬁ \WF = mgh ’ cj_‘\ l
wa . \ © o> dm . é‘)‘oﬂ_z ?.)\;;:;Z:“J
*For lowering: Wy = g

I_WF = —mgh
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Assessment

Example 5.3 (weightlifting) pa.144

Probleml :

A lifter lifted 257.5 kg to a height of 1.83 m and held it there, what was the
work he did in this process?

W= mgh=25%.5(9.9(1-83)=46185

Problem?2 :

What was the work done by him in lowering the weight slowly back down to

the ground?
W:—-mgh=-46/8 T

Rabab Al-Farraj 113
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e Bl SRV P
Lifting with Pulleys Y S
The same amount of work Is done because It IS <L"’.'.“' t;;\l'
necessary to co w?pbéﬁsate for reduced force by pulling _.. ..
the rope through a longer distance. 253 Swks s

5\ & -

Rabab Al-Farraj 114
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Work Done by a Variable Force
W = fox(x’)dx’ W:: 'F - AX

Example: -
Spring Force: ey s W= j Feo dx
Hooke's Law — X o
F, = —kx
k . spring constant. > ‘/ >
Spring constant unit : N/m Y39 8 W= | _exdx
Work Done by the spring force 9  x .
V|/5=—1kx2 W:—-ijd)’::—<x-
2




Power 5 Jad

Power: the rate at which work is done

322\ 2B whN g 40l 09l 42N () o, an

lf.";"d-:-)t;-ts dJwr P=dd_vtlf/ )

Average power Yo -

P—WI Wake _— J = P

= AL '1\;,,,' S N
Sl unit: Watt (W) ] Walt - 5.3 > oA »

= —_— = 2 3
1w . 1Kg.m?/s 1w = ‘J/S"'-: I]ij"/sg
Pawer for Constant Forge:
AN o3 10l p—F i
IP:FU(;OSQI C-sa (.f.p-)\) d.._‘..sl :.-'..,' \

Where P is the power , E is the constant force , v is the velocity of the object and a is the angle between

. F=0
the force vector and the velocity vector. r{ io P,)c_.re‘/
Aom/s
P 10(2a)cos b0 = 190 Viak




‘ oS &

w v

¢ Assessment

Q6. What is the power needed to lift a 49 kg person a vertical

distance of 5min 20 s? "' 5m

Pz W _ mIh - 4q(q.8)(S) — |20 .05 wakt !

oL Ot 2o - m=uq

Q7. If aforce of 14 N acts on a body and makes it moves with

velocity of 3 m/s. what is the power? -

P:: fovv = \W1H(B3) —=yz wak-
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CHAPTER 6

potential energy and energy Conservation

m‘ﬂ/,a}'\'a
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A e
Potential Enerqy

PSR e e ffé_» & ov e

o Lalt

the energy stored in the configuration of a system of objects that exert forces on each other.

o 5038\

S (s >

™°
* Gravitational Potential Energy (U)

4L
« potential energy Is scalar .

7=ro]

« Unit[ Joule (J)}1J=1Nm =1kg.m?.s-?

» The change of the potential energy Is given by

t’.’(',’,} da—

AU=U-U,=mg(y—1y,)

* The work for lifting an object is given by

e Thus, —

~ N\ . e =
M(A)JJ\,:A‘ =

AU = mgh |
W = —mgh
daf AU = —W

g = 9.8m/s?

m is the mass +—= arsS

y is the height la 6(;_;_',, o

=sla), v AU

his the.h.e_i,g,hj.of the object.

(/ {;v'/\
P
(4

119



o %o
Assessment 1 -

W
Q1. What is the gravitational potential energy of 4Kg body placed at

2m above the floor?

UL =m9y=9(18)(2) = #8 44~

i- C&S/ﬂ |
Q2. What is the height of 10 kg body that has potential energy of
981 J?
= U=myy  JEE - =i

mJ g.3X10
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Conservative and nonconservative Forces

* A Conservative force: any force for which the work done over any

closed path is zero. 50¢-56 —o
* Wpop==Wap or Wp,a+Wa g=0 W=o

* Independent of path, i.e.

* WA—)B,path 2 — WA—)B,path 1

* Nonconservative force : any other force

Conservative Force) _Non-conservative Force
- [

Path 3



&5;’" Examples Conservative and nonconservative Forces
V4 s

S )’ "{‘s ﬂnr:e Type Equation Potential Energy
o’ - 2 ) a1
,& / p.'ﬂ’ S Weightws 2 | Conservative mg mgh —— af‘)t's‘ bp”‘
’ ¢ ' . L T ' =
Spring J!'// Conservative kx ;—kxz — dj’"’/ 2o 2 ay U
— ;O ' Y
Cculomb()’{ Conservative % @ > /‘; =g
| Friction Non-conservative MN -
Air Drag Non-conservative Cd pv2 A - /é@ |
2 SO
Table 4.3 Comparison of conservative and non-conservative forces
S.No Conservative forces Non-conservative forces _ A
/\.}'wl o Yd-:’t I Work done is independent of the path Work done depends upon the path. U IV‘ N’"U‘:‘”
—_ /0D ,.92&.:- Work done in a round trip is zero Work done in a round trip is not zero)ﬂ FsS o, 2055 fa St
«}L: a2 a5 33 | Total energy remains constant Energy is dissipated as heat energy ;,‘]JJ; NS (_;" Mo ar\all
dww L o J:__. As23 1 Work done is completely recoverable Work done is not completely Wrabled,(s IS5 e X
1) ~ Jane 5 o, 211 Force is the negative gradient of No such relation exists. _
(o2 -1 potential energy w 3 4’}0" oS 9.9 . 122




22 3 5 o\ Gzo ¥, « 55
Friction Forces are nonconservative

* The work done by a constant force to slid a box across a horizontal
surface from point A to point B Is given and then back from B to A Is

W = —2u,mg(xp — x4) .
Gl o8 MUY da sy
= The total work done friction force on the closed path iIs not zero.
L~ tostied LS 920l ot S\SZo UK b oS s
= The friction force vector is always antiparallel to the velocity vector

(i.e. they are in opposite directions)
= Any force with this property cannot be conserved

= femg | \="2 Hmg (g -2

(oheo /L—-G’J O\SCo 2y 052 (yans 129
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Work and Potential Energy

For any conservative force, the change in potential energy is equal to the
negative of the work done by the conservative force

wow || s o
P CY VYN

Potential Energy and Force

The force can be derived from the potential energy: - =, o7 __ 2% (a0t o0eas!
* 1D: 9o _all
Fx) = dUu
* = dx

« 3D:
Foy o 2V, U, U,
N =l T Y T o,
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Assessment

Q3. A particle Is moving along the x-axis subject to the
potential energy|U(X)= x2+x+4|J, what is the net force on the

particle at x=5m? %al UskeCr a5l = deatl
F = dW 22X +
d®
_ Xzs Lo is
= a?,X '\"’

- 2(5)+ 1| = TN

Rabab Al-Farraj 125
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6.5 Conservation of Mechanical Energy: |
- - - s

.'.o\:a.‘\ _p,.u\( c.f:af;’ et N> I.-(;.P;;,.d )9 et 1 ey = J s

Isolated svstem: a system of objects that exert force on one another but for
which no force external to the system causes energy changes within the system.

el 8V I2050 250 D\ oy e Ut e i
(no energy is transferred into or out of the isolated system)

Mechanical energy E a1 Sl o5 Cad !
E=K+U Nf‘ml.p-hte_g_)\q,,u _
For isolated system with only conservative forces, the total energy is conserved

AE = AK + AU =0

K+U-=K,+ U, J oY) ¢ Sl
For conservative force isolated system. S\S )y oo\ U ohelS ozl 5

2 = ﬂ:‘l:"\é“—(-\ cullad \ t;’ ../Z;:“-;J‘
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Work and Energy for the Sgring Force: Ao

* For block-spring system, the total energy E is given by: M
1 1
E =K+U=§mv2+§kx2

e At the maximum point x=A : \/’Y’Y‘\/VEL
7< E =-kA? | n<—>
L KAZ 2 ?\. 1

c:.D\}\u\ﬂ-l\

G Wt
Where A is the amplltude ( maximum elongatlon of spring from equilibrium position)

eI NN B ass) N LD pest
* Thus, the speed of the block at any point x is given by

o T wad o1 o oo
}L/" D,\/S\ 127



A k= O Solsl)y ) Sas
e 13 b U=m9y, E=-m9Je +
h k:.\i—m\/c&
-0
Ly E =044

6 1 | k=am%

A R s

PR

EATNP

- A [l * ’ -
4\-‘-"’(/ CL"—-) ’2\5‘7_9.> T W= ‘\:?""'(é""\ qp(.f:a_\‘

EF- kE+WU = constank

AE Ak + AU = O

o Ytk TE ol = dasud = o g

mﬂyﬁ = i’m V:-

o=



CHAPTER 7

Momentum and Collision
\:.2_5\ (?-’)‘ r) o |
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° P =1
Linear Momentum: P P=m
Momentum : the product of an object's mass and its velocity .;_,_',;,(;;_-(l.;@n

A P=mv af Iye oo
 Momentum is vector. '
= K9 m/s

* |t points in the same direction as velocity.
* Sl Unit : 1kg m/s = 1kg.m.s™
* Momentum and Force

. dp

F = =£

dt

* Momentum and Kinetic Energy ,
p

K=—

2m

5_,3-’, )(."’-:/\C-’:Ao:’y"'l\
> I\ anl_o = a3t




Assessment

- P=mv= 10 (120) = 1200
_ _ Kym/(S
Q1. Find the momentum of 10 kg cannonball moving with

speed of 120 m/s? PN ol o = opll

—_ =D
2
Q2. If p = 3t* + 2t kg.m/s, find the force F at t=1s. F- d_f.. =6t+ 2

Q3. Find the kinetic energy for a 2kg particle with linear momentum of

10 kg m/s 2 2
k=P - 6 _ 0o . a5¢
2™ 2(2) “
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Impu |S€e: the time integral of force or the change in momentum.

* Impulse is vector. op> IUp o sad) (Jo\&1o\ d)‘,?'/ < s
= = ‘? - P
* Sl unit: kg.m/s or N.s J= PP=Tg—Tu
= m'yf -m'vc'
J=A4p = ﬁf — i
* For constant force I = rpt

131
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Conservation of Linear Momentum

3
'8 WA A
\P’\M;\l;”y

2
¢
;,9"}

Viz > < Vr2 Vr1 s Vis (——o Q——P
mYgp ™Mz Y2 p
(>L93‘u-?—‘ (oled Je

My Vpq + MyVsy = My Vg T MV

éP’,., - = PQ,;
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Conservation of Linear Momentum =

. 'a.‘L;.a-‘ s\ _,b_',_'._;?_‘r‘\-:-.}jt
—b o\a,_..f'_g:cc&kh.n :p)-."uc.?:f"-'-':-'-’”-’;‘

* Types of collision:

e Elastic collision U AP X
- ] - M - \_'a)‘ | ' * t [ A, *‘
* Inelastic collision vo=r* £ e —"J"_‘wc"-'_"_ = “;{‘f
- ; - -
e To i tic collision OUJVJ'(-:‘.»C (o2 a3 s P20 ©

* Conservation of Linear Momentum

The sum of the momentum after collision is the same as the sum of
momentum before collision.

ﬁg + Drp = Di1 + Diz

For one dimension:
mlvfl + mzvfz = M41Vj1 + M- Vi»

PN ) s Fda A s 7 PNEE 7 O Raponl

133



