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h_y_smal Quantity: Quant|ty that can be measured __/\____

S

Physical quantities is divided into: -, /’_ R X
a- Basic guantities | RN =\
b-Derived quantities WL“""‘ = o il T-J-—FJ'

S -;-..i"--u.h

.---\_..-’i__:...‘,-f

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

Example: Length, Mass, and Time L\‘-r‘_f'-’ & l 15 u-‘-”'- o - 2\ eV
1-Length: Distance between two points in space. € =\ —LF O M= G
2-Mass : Amount of matter in an object. o '
3-Time: Duration between two events. TN < Lﬁﬂ_:r-"'- < Aolels

T L L O — :.L,.}J;,...g.”,.‘u__n i s
b- Derived quantities: derived by combining base quantities ~ rr" '-l" oyl & o S0
Example: VeIocity, Acceleration, Density (AL W_r"'\ w\ w_(_; i
1- Ve|oc ty (Displacement / time). L@ 2= L)_H-:-" L-r-'t_r_,...» - % e R
\ ~
J:'}—-"‘ 2- Acceleration: (Velocity / time). . 3 G
sl ) 3- Density: (mass/Volume) _ : _ .
3 g 7 — o3 — =
aF |~ Sl o = A S

i T )



SI UNIT SYSTEmM —20 @' rl=

SI (System Infernational) units = metric system ST G t)EJ:-&l i
Base units:
Table 1.1 Base unit in ST (see page 5)

e2\——=3 zile> Unit 2/ Symbol Quantity B SLF
meter m length Je
_ kilogram kg mass ol
-~} second S time  u./
g0\ _ampere A current 3%, <
{,_11_5 kelvin K temperature;, 1, «s,.s
J» mole mol amount of asubstance | po\s « =
___j:/ candela cd luminous intensity



.. ..z Sl UNIT SYSTEM

Derived Quantities:

Units for all other physical quantities can be derived form
the seven base units - _ 5 -\ (eoly Ll -V Slfe ZUFNWUS

Examples: !
Quantity S| unit

.:9})\ yAsedt ="asbwn  Area = m xm m?
5 J,\-ﬁ&w _=1-?- Volume m 1‘-'"-:11'11 m'3 - e

oSSt el Velodity M 2 S m/s

ol e f‘;‘-.:--ll Accderation ) j¢ - & m/'s? ™A
_— = 7= 1 —
o A S e

*For more derived units see Table 7-2 page 6



Assessment

Exercise 1:
* What is the Sl unit of temperature? K. ( Kell}{m)

Exercise 2:
* Which of following is Base (fundamental) unit and which is derived in
Sl unit system: 2 D
candela B kelvin B
e t\xo,sdt = [joule Niwn D hour D
kilogram D kilometer D
mole B gram D
second B volt D




-\ Prefixes

J | EJ

1008
Table 1-2
Prefixes for S| Units
Factor Prefix” Symbol Factor Prefix? Symbol
10% yotia- Y 1071 deci- d
21 _ :
10- zetta- Vi 102 centi- c
10" exa- E 103 milli- m il
108 peta- P 10-° migyo- M 10 -4
1012 tera- T 10~ _ nano- n fﬂ
_ 10’ giga- G_ 0= _ pico-  p
\Doo 8OO mega- M 10-5 femto- f
\0op 1 kilo- k 10-1 atto- a

102 hecto- h 10-4 zeplo- Z
10! deka- da 10~ yocto- Y

“The most frequently used prefixes are shown in bold type.

* Table (page 7)



Scientific Notation —=4='~=='!

2.5 x10°

u—-—-ﬂi

Number = mantissg x10 &xRonent tpower)

OB006 2 5349
-5
SXio
Example: R

460000 = 4.6 x 105
0.0023 =2.3x 103



Assessment

Exercise 3: Solve the following:

g
5.0 X 105 + 3.0 X 106 = 3500000= 3.5%\0

(5.0 x10%) (3.0 x10°) = .15 = 1.5 X10

(7.0 x 106)/(2.0 x106)= 3.5 X 10'?

The number of significant figures in 0.00150 equals ..3.
The number of signifiyt figures in 15.0 is ...=

*y,ﬁh <u
F/
s

nnh WbhR
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[0o5 = 4 &F
ya® Plo,\ Lad ¥ JIvs eV (D
022 (G DY Soa) Coed! nS Lo Y] (=)

1000 gL 5F
1000-0 5 SF
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Converting (Changing) Unf_l__fis

Time Units

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

* 1 hours = 60 min

* 1 hours = 3600 sec

* 1 min =60 sec

i R
v e e o o 100

'\_N__A.‘;l/
Other Units

I1m =100cm -~
g looe ko
1m =1000 mm -

<
1 Kg =1000 gm

/\/\/\m

[/-aw

X A~ “ \__/\J

3doys —e BXAUKED X600 Se = 5,592x10°Se o
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Assessment % .

Exercise 4: Make the following transformations: 10 JM

5 min = S 5X6o = 300S B

2 hours = s QXE0XEOD = F200 S

6.2kmh= m/s Vi F2 mis "

5.2kg = g S.2 x [000—= 52009 = S.2x\©

3um = nm 3-%:\03 Nvn =— 000 i e

50 m/br=  cm/hr 4 5Om _ Sbtxieo

Va2 h

6:2 km s il M - 12 m/¢ = 5000 C"M/ny

60 X 60O S
1 n 1% Bx0> Omly,



Vectors e

N aehs
Types of Physical Quantities: 4?533’ :—-
A- Vectors quantity = @z=s force 482
m_agm_tude and direction ‘E
Ex: dlsplacement v"louty etc....... Soml
B- Scalarsquantity <—Cle
magnitude only

Ex: time, temperature, etc.....
RN oNf\ aor”




Vectors A S e

* Vector quantity symbol
A letter with small hom.zg_nial_ar-row pointing to the right above it

¥ aD _; \©
A S
\4. -
L ]

X

>

» Cartesian Coordinate System used to describe objects in 1D, 2D
and S_D (see page 18) g &Y Qﬁ)ﬂ N g et

Set of three axes with angle of 90° between axis. (x, y and z)
*1y, T

13
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How to represent a vector in ' ' ?

)

Hasny i h=s  p=1
e Magnitude = arrow length —

e Direction = arrow head
>\s¥y R el B

14



e DS as
Vector Components:

y 2P
{ | E'—'(A?‘-: ﬁ"ﬂ)
A, A ¢S
: me- Ay Y
N Fx 5‘£+“5

‘A= (ApAy) =42+ AY @
A= (Ap Ay A) = AR+ A9 + A2 @

& 2 Maxis

ﬁc;_
Unit Vectors (X,9,72) e 3 Y 2
Magnitude =1 N{’_it" “"’"““__ My M
Direction >along the main coordinate axes.




O—>5Y BATB=5+3=28WN
Y A48 =5+-3=2N , _
2N T o o Wf > = L)?--‘-\ -:.E
Graphical vector Addition and subtraction: (¥ Jesrsyt ¥

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

@)
|l
>
+
ve
Ol

A -

-;""'"’ .%.. 9. AxE
p® : W3S\ 53 8RR oasist =2 O
8 "BO’_JF'-'H A exatt w— s 6 3

A sl Qsdid o (arfrafs, o Jendt D



N =L g e

Graphical vector Addition and subtraction: el e " i

* The inverse (reverse or negative):

g

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

A



Graphical vector Addition and subtraction:

Subtraction: adding the inverse of vector

—

D

—

to vector

>

18



SWEL & () o 2 7

Vector Addition using component
A= (Ay,A,,4,) A=(2,4,5)
= (By,By,B;) B=(3,-2,4)
At = (5, -1, q)
(Ay +Bx,Ay + By, ,A, + B,)

Bx)A B )AZ_BZ)

+ B =
— B = (A,
A+B=(2 > 2511)

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

Pr""B =(5-3} 3-—-"']‘) q"l) :(2.9&{} :’t)

19
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i-""?‘b ,,L."" - ’
> ¢ ol 0f” 3An=03,659)
Multiplication of a vector with scalar : -3 A _.___(__.3’, € ,-9 )
Scalar * vector = vector S Sie
-—-—- _______________.
o 26
E=SA=S(Ax,Ay,/_1_Z)=(SAx,SAy,SAZ) < SR
q.:l; ﬂ‘._',::.r;'-"g t-,l',p- B bl

points in the opposite direction>ne egative scalar

points in the same direction—>positive scalar
‘ scalar * vector ) .
b ‘ J< ﬁLﬁ .ﬂ U'-ﬁ-l-’ _r"'"'&" A o wnlln

Exercise 5:

Given a vector 4 = (2,3), find 3/T ‘ ,
- —r2dslexicld
3(2,3) =(£.4) R ol e
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Unit Vectors o Vector Maanitude

Exercise 6:
Represent the following vectors in unifvector notation and-find-the
magnitude:

9,127) = W1 +FK Wi=Jqz4+12t¢32 = 14-55
(45-32) = 45C~33) |B) = [ us 24 @237 =552

0= Bk lq-:J 32,92 = Z.54

Ol wl >l
I Il 1

21
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o
.F-.r--b[:
e B TR
5. Aol

- —-f

9 A = ':3-'?;[)

—

A=3C+2) +
ﬁ:"h’ -I-j - FE

"

A "\'ﬁfr (B+4)C + (7+f)j+(l-3)t:

FC +3) =21I¢

Magnirude (aft Min)  sactiVde
m[’:fﬁ:-f Ajz + Az

A= 3cr2) vk calcadate (K]

P":J 31-1- 2% 1 = m



anS UP
Vector Length and Direction in

APy /
Length (magnitude) 4= fAfc + A5

Direction = tan_lj—y
A, =Acos6 X — component
Ay, = Asinf y — component




Q,D LJe Choys

A= 3L'-t-'-’-z’J

Colculafe Hle i".gn?.ﬂq.( Mﬁ‘vﬁnr'ru..o@)
Al = | 22442 = 5 s
SEe! TER
Dyce ctrov (G =720 w o
! -r,"!”
) - 278
O=tan [Ar]) _ tan [4)=52]
Ax 3
ol

".-'_'-'[_41,;-'"":;"":“‘ d:it‘fflﬂ; ".""le1 .f=‘|' ;‘=-r ,;..U 'ﬁ_';\.

W 180 (20 ._j,{,l._t;ja.:fn_:,\}t Yep K== TSN
Gl i b llordarcy  wa. Wa. Gaem

".‘FL!'T"-"?";'“ f‘.{lf-{l,_;"'f.".r‘:.l‘ﬂ Yz f=a LASALS
36& FU‘_’IJJ

B E}:ampfe . Find magnsde and dvetion

s
Hﬁ: -2¢ + 5) ‘ﬂ =

Blz e+l 522

: X
9:5—::“;/:_55) = _€3.2 +130 =W\\.%




(coLS A Gl
Comp nat

prr"ﬂcJ the ©mponers

Ay A.ﬂ.: ACEJS'E"
‘ A}"' = A &n &

Ax= l0Css30 = 3.4

Ayz16 Sn30 = 5

|

PI — 36-6[? + 5_)

— —

gﬁﬂW\{JH‘?—- ,E'nc.“ Hae  CompPongik of
NeCher ﬁyl. =5 widee  _tho divection
YG°% iy, xawr 5B
g

Bx= BCrgB = SCasus = 352

1?7/'-‘ LS&nmE = 5 & nus - 3.57



Assessment

X SEp0 il
Q1. What 1s the x-component of a vector having length 60 m at
an angle of 60° with x-axis?

A= AN Ces (@) = 60Coséo)= Som

)
&0
§0

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

Ayz A SinO -

30

23



| AN B}
Q3. What 1s the magnitude of a vector A=24*-3y

(A :-”J“‘f?‘-f-(-'—s)l = i

. Ny ,
Q4. What 1s the dl?'ectlon of a vector A=2%16V

?

24



b — 2ci

Q5. Two vectors are given by

d=2%+9+3% and b=8%+59+ 62

——

What 1s the magnitude of b~ 2d
0= 2,(2x+9*-32) 4

b-200= (92453 + 62) -(#F v2+ €2
= 44X +39 e

-:-23"]‘6,;*



[b-2al = J yz +3*= &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

Ca_———’m Cl.]f\



POSITION VECTOR DISPLACEMENT VECTOR AND DISTANCE

/ . -..:)*9\ \' \
27 " “Pposition vector: 5

Describes an object’s position in space )
3Gl J o f) P caad .5 NS
y 7 =(xy)

,_-—'J‘ ' 2P 52525 Yo caad o 1o bt . DS\ asls
The vector that links the |location of the
body with the origin of the coordinate
“'dﬁ":"""%t_e_m -




pres . | 2Ol
27~ ‘Position*vector in one dimension

2
' IX,=2.5 ml
5 3 2 1 0 1 2 /3
S Ee——————— >
ae—>2 Vs
o < X=-1m X (m)
A =12 : . .
* |n onedimension, position vector hasonly
3 . one component , Xx-component (ADSos WS rovad
e =, . .
y S * It can bepositive or negative to theorigin point

go — s Y Jﬂ‘:*?:’éf?‘\ é"ﬁf“g'J
C.A.-)L—-l"';-‘j‘-—-"‘l’ l—"s'

29



‘o it et TR 3
Displacement and Distance
ash i a5 S OSSO D & et

* Displacement is the dlfference between the final _posmon vector rz
,at the end of a motion, and the initial position vector r1

* Displacement in one dimension :
Ax = x, — xl‘

 Displacement can be ( + ve ) or (- ve )
" v
"o oS\
— &

30



_Df'sp?m:wtfh{* X Ll ECEA M X
N R Gl A NCURLY
L= e = W
boed oV BT 05 05 wpuls eiel)

A e L ANC S Ve A R R
=t ?_*-";_J} U L) e X L

Ay AXa

IM

Y : s
g\_‘:l X2 = = &.?';‘:3—1—_ =L ¥
) SR y R A e olelondm
Disrance. : it Seohonv

B R Pt S VIRVER BT I S P W
NG e dan
2
C2

oYt 3 Distane: 2+3 = Em  ogicss

Displacment . s =25.G¥ 0



Displacement Distance
Nei change between initial Total trip from initial position
/-\ Displacement {\. position X, to a final position x, X; 1o a final position x,
X Does not depend on the path | Depends on the path of motion
X; r of motion
Vector Scalar
Sl umt: m 51 umit: m
AViVN 5l Ly O o, lae Jra> -3'!"-'-"'“ ,_cvf'
Displacmént Drslance //-/‘—*
‘ = b AT
597 AU e it gt Bl=d] Ao .
3 = " g v
k= r‘}-— X alal < l.:l'j"p 3K

i.l...ﬂ'_.r-'l'l A> AS saas ¥

Al 2 50 bistance= 6 Em

(Il_g'l: ,*Ji'q}iq‘_.l:ﬂ ﬂ__-‘}
- & Ol

Niaet) e oz pplacments

4 -

w N N

Position and Displacement

s L.ll—*""-_:-lll LT - ]

vle!

- F

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

AX=XAp-Al=q-=12

=-lerdl=1m
Ax=1m.

X; X
o ———

x (m]) Total distance = 7 m,
DA 2= = =)
Ax==1m.
..'.! x (m) Total distance = 7 m.
A=z =\ =2Z = Am
Ax=1m.
2‘ % {m) Total distance =1 m.



Displacement and Distance

X\
3 2 1 a1
o ry)

oD Ax =x, —x1=3-0=3m
positive displacement =+

K2

3 2 41
c;}‘\ AX = x5, —x41=1-3=-2 m

negative displacement

2

Xa

X (m)

31



Displacement and Distance

i ‘6N 7 %D aJ:-L g 1 SNl

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

In one dimension

Distance > 0 _t=1ax]

S| unit of distance = m (meter) \‘

FE epo s St
2.5 TSP o

U?L{'_,ye o ..a\',.ﬁu.:u R UL 0" 9 2S5 L ) Fi 2V 0S LN

(if the object does not reverse its direction)




D

Displacement and Distance P C?

DA =0
Remember

» Distance is scalar. Moo a et}
* If the initial and_fig/d positions are the same . the total displacement i is 0

h#"‘\ l/ .PM s ..
$*7 PYAVA N A oo @\A: é‘w‘ﬁ"‘ 2 o5y O\S NoN

X(m)

33



Velocity Vector , Average Velocity and Speed

What is velocity? 5, _
vt ApP7 032 Q= 2N 4o 50 o Sl

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

» VVelocity is vector. Ao T

e
*\elocity can be +ve or —ve J-\_‘ _
ab YOSt b
+What is the velocity of stationary object?

Jw}r-p V=<

34



Aborstoras o)
V= VY, = B% - xa-x @
J L t=-E,
V= &o\s%) (St sw29p) gew o
o A
@ Speed ’

‘{VJ-: S = ._S-PEEQJ = Distance
N Py

i

@ Znsiantanous velocity
—_— _
V= goslialar s = dX
dt

( -ve .;*ru'E) Tﬂ..r:.,::dg—-g.) or2® ool LS as

Lo

t:25 ¥,
iy i . "_‘"-':b
o TP 10 m
{Vﬂ.?‘j = DA - H_ 10 = :zi = -—=tn/s
Dt

2
V = Speed = _i_: 3m/s



..i'

o7 Velocity

&5o°

Speed £
: -’
dlsplaccmcnl L% _ distance
time aL ~ time

)A"':;Jl‘ Does not depend on the path

Depends on the path of < -

.-r“"r"‘

»

of motion motion
Vector Scalar
SIumit; m/s SI unit: m/s

Example: a man walked as shown in the figure, then stopped at the point £. The total time that he

| Rt R

takes during his walk wa alculate the distapce, displacement, average speed, and average
velocity.
ﬁ‘ i —-;ﬁ
_ AN N, S— | | | |
0 1 1m  20m Il i dim  S0m Gm  Tm Bl m
Solution:
Distance =70+ 50 =120 m
s — » The + sign means that the displacement and the
Displacement = +20 m velocity are in the positive direction of x-axis
distance 120
Average speed = ime = 950 - 0.48 m/s
_ displacement +20
Average velocity = T 0.08 m/s
Dstance = [20

Deispla c € menst

'gpe e DI = D.ehance

EsME

e e
Example 2.

i

T-
_.J-G‘.";___,,.,,-f‘r =20 —0 =20 v

=120 = o.4% m/s
258

AX - 20 =to0.038 m/s

At 250

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=2b+3E?

TR
dt

2+ 6+

r—
—

L B o |

b_n_,g,sc.l o s\ o

—%
V=2x6(2)

4 m/<



Average and instantaneous velocity

- 1 -
— Ax Xo2_X1 mﬁd‘r—:ﬂ ——
‘P =— = average velocity
At ty—tq
I ane el !
V= instantaneous velocity




c-'"'f Cadiec AN

Speed (6, LA G2 )l VoD (Y L Lans
Speed: is the absolute value (magnitude) of
velocity.

v = 9|
. ‘_I.:r
*Speed is scalar.
*Speed is always positive. <22 Vs

e 0L oo f o
Speed can be found by dividing distance by time interval
UZL e h:lr‘-_—-L'g
e P\

At

36
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Position Graph
*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.

1S
1 () (91 2 3 4 5
| H v —k | >
T X (m)
tis) X (m) 4
0 0 3

I @ ‘
Position (m)

P -~

LA

1 2 3 time (s) v




Position-time graph
Gl N~ sS! Bo e 8 ot

W
* The sIoEe of the position-time graph at any point gives the velocity of
the object at the corresponding position

HSD .............................................................................. ,J"CJ;:J “”
Eqﬂ .............................................................. E Ui ﬂ/
EED .............................................. E | "

Y1) IR E _2:_4‘0_-«0 ek g |
2 f é é é

DC.:ID .............. . _ _ _

0o 12 3 4 5
Time (s)



Position-Time Graph

L AL

Statienary Opject Uniform Speed Non-Uniform speed
A 4 P
g 3 :
. - " N
e L Time
e Y aca] S e 085
ﬂamy:zm
yelocity = glope
:E'if_-
Y
i o
AQQ[FVCJ/E‘IDM . g, a
‘E; fj‘.n:d e o0 & St
-
Insranfoanous altefeat Averah¢ dccgj_hﬂfnu

0= dY =gk s

A A A g sl | BE 4. 6




< A L
Acceleration Vector

sca B
o

m/s 2

027 05 3OS ot i

Average acceleration : the velocity change per time interval

-~ -~
MN ff‘_.—-l"
Av Vy_Vq .
a=—-= average acceleration
At to—tg AL arecraion
dv d?x d [(dx . \ 7 S
a=— , a=— = | nstantaneous acceleration
dt dt dt \dt _ —

» Acceleration can be +yeor —ve
* Accelerationunitis™/ ,

P2\ LD g0 S50 G SN ol
w/s? o098

+What is the acceleration of an objects that moves with canstant velocity?

—
a=°

- ol e e o § sle
= 39



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

*

o . o
- £ 1P — Wi— ' =IO




v
. - - '
Acceleration o2>F 2= ] -

e s a
Jij';;"s')" oM ol e | ey j,&_.-»d‘; oS 1 ALY GLS NN
* 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', ’gj.g— <\ AR PO SV g as A\ kS N

a < E Vm




- Remember P =SS Lars
S\ S\ 1,-;9.-(\ TRV
* The velocity of stationary object (object at rest) iszero]
No Change in position
zelo = ,gf..r'“-:-"’\'-;‘ o \" as — ,-.ﬂz*d.);'-‘ \ S\
* The acceleration of an object that moves with gonstant velocity is zero
No Change in velocity

*
Position %‘E ﬂ%
dx d*x velociny “r’w“
E— - Patrren
dt dtz \_/
'1
Velocity dv Acceleration

dt



A ssessment

Q1. The position vector of an object is given by: x(t)=3t*-t+2 m find its
position at t=2 s 2t = 3t~k +2 XD =3(2)%(2>+2 =12 -2 +2=1dp

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 2 "
Y = 3(2)2-2¢2=12  Xa=3(3)%- 342 '-:-'Zé AXaFasm s20=Te=viin

Q3. A particle moves along the x-axis according to the equation x(t)=
t>+5t+4 m, find the wvelocity of the particle at t=il#s ' = oo akes, 21 ol Qsllal)

U :5_3% = 2445 AN b“_f’*-*-"_p-ﬁ \f—'J(iJ-!-E = Fm/sg

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

Ei= ’LS Ly =W +U@)-2 = 14Yy-2=3m '*7: ——
Fa= 2¢ Ka=(2Y+4H(2)-2 =Ys+@-2=1am xa-b1 L=\

::f""'lt".s

43




A ssessment

2 2
=214t -2
Q5. The velocity of a particle is given by v= 2t3+4t2 2 m/s find its

acceleratlm att=8s
uﬁ.o-"" o= 6(3)% 8(3) = F3m/f
_ oV
Gl c:,t_ 6t + 8t AL

Q6. The position of a particle is given by x=t2+2t-2 m find its acceleration at
t=1s X:-&,z—kl‘:*?

R

\j.’f‘.‘:i ::2_,":

e

C

dv _ 3% -2 m/s*
dE d{:

I

Ck

44



oV g A
Motion with Constant Acceleration

x© ‘“ﬁ'le' Koz @ Change rate of acceleration with time is z&e&' 5
o %ﬁﬂh x :final position . “_"" b Pen
for X, :initial position ¥ &2 °
,ufo-'fﬂ v :final velocity =~ ==*v™ ¥
.S’l"""“IF g Vo0 v, : initial velocity ew\ia¥ =¢~"
a :acceleration &, =1
t : time o9’ I\

C:'-'C ;I;-Iﬁ W QA

o et o \/}“_pcg ‘.___(" n)_l;;(l{_.\u(Sd;-:
o © ) : ./ =

Vo t vV

- O=
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V= Vo +at .
X-2 = Vot +3at

Equations of Motion are: Vi= %"+ 20.(X-Xs)

Im---- Remember

°* a=constant

X=2x,+v,t+= w:r.t2

2 * Ifthe objectis
2 x=x. + vt v v X v initially at rest
0 v, =0
3 v=v,+at X v v v o252 J 7
* When a moving
object stops
4 p?:=vi+2a(x—x,) v v v X —
v+,
V=
2

R L Ll l e e .



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?
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. — P N e ¥
Exercises o qf_h”ir 2% e

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

Vo= (L= Am/fg* =37 + =4 8ec
TR TV I

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

Vo=0 L= iﬂﬁ{’.ﬂz LX=X-Xo=27
L=4¢<
X-Xo = Vot ¥ Lat?

AX = §:@+%(lﬂ}iijz: 5m

Q8. A car starts frgmuresh to 40'myjfs in 8 s, What is the acceleration of that
car?

Us=O U=Uom/s t=2 =23
V=Vo+at V-Yo = G-,t/ L= V-Vs
E & =
ﬂ:qg-_ﬂ = &m/s?

Q9. A particle starts its motion with initialwelocitysi0.mys and constant

acceleration 6 m/s®. How fag does it move in 2 57
g Sl

-

o=

|

A-Xg = Vet + J-E_—ﬂ.:bi

DA = o2 + _21.{6}{2}1:.2::-4-!1:- 32 M



| b wll
Free Fall g Bl

Ce C “'-"_:!"3\:4-.“;"!'*;‘ ‘*"‘:‘J\ &)
* The acceleration due to the *AY
gravitational force is constant

g=9.8m/s? 4 Cicrs
Sl i e 2T Al i
A q.ﬁ

* Motion under the influence of a as=-g
gravitational acceleration is W
called Free Fall - g=c

* Eree fall is one dimension | .ﬁ:m%l

motion /"\

V(as) Col Moo al Sinodabl gs ¢ dosa S
TV a8y oz pies =8 awl oS KW 2 Y™



Free Fall
Motion of object thrown up in air

AF
;,f

£
o -
uc;-( --..'ﬂ' CL:.'.-GI-S m/;z

y
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d:ﬁ I ﬁ'&l}‘{_ﬁ:ﬂﬁ“ Y

Free Fall
At maximum height
Velocity = 0
. U + | Down 3w o5 ol !
ged\s= ?55‘11 Velocity: 1 Velocity: s\
wers o Upward Downward
v g v
Decrease Increases
'l v 'l
Slows down Speeds up

Oe—D\ € g, Tt
The acceleration is downward._ all the time

Be careful slow down and speed up are tricky terms 50



dhink otbout Jhat

a3 L SC £,090 o= au It A (-
* At the top, the velocity is zero although still
there is acceleration

* A particle moves with a constant velocity

=>» the acceleration is zero
- fr—N= A Lo ) G0 ol




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

Free Fall

I_-l- okt i o

=y, + t—— t2 ’ =
y=Yo+ Vot —5 g o Bt i
2 y=1y,+vt 7 v v 'l.-":-"lfa-st

Y-Jdo -..-"Va':-—%gta

3 v=7v —gt X v v
’ v? :V:-.ZJ (3"3::)
¢ v=v;-290y-y,) ¥ ¥ X . .
s - 'j#:{_-_ﬁ‘-';-'y|ml

J :éLU;Jt é'{.:u:ﬂ' 52



Assessment

Q10. A ball fallsfreely from a top of a building 20 m high find its
velocity when it reachesthe ground.

Q11. stonethrown vertically down from atop of a building 20 m,
find thetimetaken by the stoneto reach the ground ?

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

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

Yoz26 _ O Vez0

V= Y -29(I-Yo)
V= o*- 2(4.3) (0-20)

V*= £20(9.8)(20) = 392

ﬁi‘Eﬂl = V=1q.9 m/c T

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

=72

£

I

Jo=20 Hd=z0 Vo= o V= 10.28
V:"-*-"’.-::—-J«ﬁ' = P=Vo _ -/9.8-0 —2.5
-g -9.9

Q12. A ball throw IF.IHW from a top of a building with

an initialeeloeity of 12 m/s. What is the time at which the ball
reaches Ilm

Vo= 12 V=0 =2 r-\

""n.'i-l"-‘-

V= Yo -—ﬁf; = U-Yo

~9.3



z-(.)"'}-*"’-’] fJJU" Go N i b L= 8

Free Fall PERYPATPL
é":‘-j’.f‘u"-‘:" ARV IV R SR TUS VLT
Time to reach maximum height (top): E = :E'
V= Vo —
o 3 E _b = V-1V o _ ____Q/E _ ’_'_/g_
=5 - J g

Prove!!
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Assessment

Problem 1.: Eo=z= Xozy Vv

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 afinal position 6m?
E=I2 H= 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?

) 2 e Ao X () = HE
&~ to V=adh - 8t
- 6-4 j
Ty V= 3(0) = Bm/g
= 0-2mjg |
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Chapter 3

Motion to two and three Dimensjons

2D BL
X ﬁJ\/\:f "‘ré ‘

J

r/x Z// I




3D coordinate system

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

make 90° to each other.

Position vector, velocity vector and <
acceleration vector each has three eor | X | ¥V
components ohn |Bx| &Y
dx | dC

> . R ) v = \ae| QE

° A —_ (AX’ Ay; AZ) - Axx + Ayy + AZZ df d_’g”
M L g | e

=% % B = 3% +4 af A |aE| de
= i & | i x  B  B

3¢ e A=3x +Yyt+22 }

AR st 3



Velocity and acceleration in plane:

o\ s AR o It 2o a3 N (o Beid

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

auw_p-ﬁ-'---’mﬂ f'*-—-"""'k_r.-:..ﬁufw L e
g i \r_)ﬂ G_JL :f.-r‘*-—-""‘”
ff-"*-JJ—J I e RN T nL-ry_u.

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

* An object that travels along curved path must have

acceleration FUTEC RN ARV S o F O oS!
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E-,.Lt Position vector:
r= (1,1, 1) =X +1n) +1,2

=&~ Velocity vector:

g

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

dx

T

Acceleration vector:

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

_ dvy

ax o dt )

_dy

Uy, = )
Yo dt

ay

_dv,
odt

Uy

dz

dt




Assessment

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

V=4t + t*y — 82
What is the magnitude of the acceleration of the particle at t=1s?
4s WPl I eas g ) Nasls

o -~ r A
ﬂ-t_fj_? = H x '!'31'- 3
d ¢ b=1  (Beas
oL = !-;J?..;_S\j {&}:jq1+3’:5'mjsa
Q2

The position vector of a particle is given by
r(t) = [(2t — 3)% — 32y + 4tZ]m
Find the magnitude of acceleration at any time?

fiey= (2b=3 J2 (3" )y L L4E) 2

- ) . .
Vo dV = 2 % - && 4 4+ § ¢
dt
— i - A 4
&:dv:ax-sj 3 N F
d €

& = -69 m/s?

= —6 m/fi



_‘.“*-"“-':—Ll C_;L:»:_,;;.U al_~
|deal projectile motion:

L:,_,ﬂg' S P e® Srlas ol
* Projectile motion can be described as a motion in two dimensions.

-

r"‘:‘t&ﬁ
* Ideal project motion is any object that is released with some initial

velouty and then moves only under the influence of grawtatlon ional
acceleration. @) s> o=t &5 o 2 Gee GA W G PATE

m',})'\ a S8 _f:-' '*-:L-’ _.!’-:-.#

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

projectiles n,-..rl,,:,ra)lﬂs_,e\-’ (’_',":’_r)“ &~ s sisy/ ) Ex.::k_&ﬂ Joor”

-
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a=3 L L adies @ LiF Rl el m o

A= O § ~—! S I J!:-_:.t;.-t..,_,_:;_v'zp ;_.Tl._-r..ﬂ[- .
< C N L ales KN e
i — Nx = Vo (6SC

(J‘J';""J""J-.-""“:‘}“'"-'—b) Apa b 2l et oSyt K

Voy = VOISO ~ ylidsed ie oo pPrac

1[:; - VoSG _ 9t 22b ) AE s af )
ﬁ.i’_.j = ZEefo fi:n.—-';i uﬁi:,,'\,.'._.#- E;ﬂ_,j.-’xg:__‘,_.u.

= % % 4. 9 Y \v)= Jxmag2
. aab S\ wF aw—~) ¥

U= Oy x + Yy AN N
0 - 0x -3Y radsles fas il w



Projectile motion has two components : g
e x-component in the horizontal direction 2R X
e y-component in the vertical direction So. MV =)

Y
* position vector:
: A Ux=Ucos©

r=0,y)=xXx+7vyy

Ux=Ucos8

* velocity vector: & S
% x 4 VY
dx dy Uy = -U sin 8
i=(vowy)= 5 2457 o Range (R) B X
= ange

e acceleration vector:
I:l.;;. ﬂ‘j

a=(0—-g)=—gy
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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 vertical motion Projectile Motion is a
y "’, e combination of the two
The motions
ve':t’ Cal slow down as it \
MOth n O goes up speed ug as it
comes down
the ball
g \
The acceleration,
due to gravity is
causing the ball to
3;’31;’,95' The Horizontal Motion of the ball

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

X SA\s\- . e¥

Velocity:
oo\ Zn %y o )
Initial Velocity components:
V,r = VU, €OS 0O
v, Sin0,

N 2
vo—Jv0x+v0y

b "'u—-"“-
Final Veloatv components:

Constant v, =wv,cos0,
Changing v, = v,sinfy — gt

v=\/v§+v§,
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Time to [Max fHeqglht
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Assessment

Q2. An arrow isreleased with an initial velocity of 100 m/swith 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 istheinitial vertical velocity?

Q4. A ball shot has initial velocity 50 m/s and initial angle60° find ball’s
position at t=2s



Assessment

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

et A\ o L N R e

Ny = \VoCos® = |00 C®s 60 = 5om/s

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

\f.::j = o Sin@ = 40 S&n30 = 2om/g

Q4. A ball shot has initial velocity 50 m/s and initial angle 60° find ball’s
position at t=21s

l..r*“"-”-'-'*,-r—‘:' g oo s Bows ol o - 60 Sl L 05 e

e

-
il — (opeas ~) ok
bl ~/) o*

\!};h-; Je&iv O

III'u.f-.l - qﬁcﬁi'@

5 P R S at?
‘=@$&'ﬂ§1 29 (9-9y)
._,._......- E PEN N l::l_-.-ﬂ
K=Nxt=25x2450m

"'\l'ﬁ:j: Ve S 8= B0 Sivgn =43.32 N
. Py e .
Vot = Mores8 = Fpceséo - 25 J- 'jﬂ Vesine t %_‘.j‘t
Y-0 = 93.3(2)-2+(a. 3){2_.)

?:50}?—\'5?% e ¢‘I= 6Fm




Maximum Height, time and range of a projectile

: : e\t .
e Maximum Height : N
v2sinZ6
H=-= 28 &~ Projectiles trajectory take a parabola shape
e Range: ULl
2 .
_ V5 sin26 Max Height
8 Vo
* Time to Maximum Height: - | R 2
c 3 RV ——————
. L ‘5‘ w I .
{7 a . v,Sinf Range
g .
EDJ P ~
— . . . * ECPM, VO | -
e A proLectlle reaches its maximum height when the P F i
launch angle is 45° P e Y N
L7 30° B *a
vz H":: H"\.
_ 0 _ 0
RmaX _ E at 0 — 45 - = —‘ Maximum Range —
YS s\l et e Bl W uD v e is!




A ssessment

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

Q7. A ball isthrown with an initial velocity 30 m/swith an angel of 15°
abovethe horizon what isit'shorizontal range ?

Q8. A projectileisthrown with an initial speed 10m/s at an angle 30°
abovethe x-axis.
1. What isthe magnitude of it’svelocity at t=1s?

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




Assessment

6. An object is thrown with initial velocity 2 m/s and an gngel of 30°
above the horizon, what is the Mt for the object?

£ 9 LA UMl
2
nB = (apsm3io)y = 5.1 m
2(%.2)

()7. A ball is thrown with an initial velu-nty 30 m/s with an angel of 15°

above the horizon what is it sm_.
err VI asl Gl skt

2
L= V'Sn26 - 30 Snl2xi5) = 4¥S.9m
9 9.5
(8. 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 1=1s7
2.  What is the graxipugn height. the time needed to reach max. height, and the

range of motion? . . - _
5,0,V e sa s I JLGe e

,’1._] m Un?,, = Vo Cas@ =)0 ces3o= 84
1 -4.3 "'-.-rﬂ‘_lj = Yo SMEG =[0858 305
Vie \S s s oy )
\'\I;,L =5 CA- Naoss Bk m /s

Ny =b Uz Vesin® — 3k = 5- 7.8(1) = -4-3m/

p—

e ~ — "
\| = 866 — 4.9y \W| :J B8 +(-43)= 9.9m/s
2) Max kel Hmé +o May-leahs Lange
W = Wosie)® k= Vosing R= VolSn (28

—(108M30) = 1.27m | E=10 S030_4 51<|R= (05w (g) - 23
2(2.9 q.8 | ~



CHAPTER 4

Force
e ;;,j\



e ¥ Qs Sl w—Cao
Force:

* The mean for objects to influence each other.

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

—» R R A A
'f:fxx‘l'fy}"l'fzz JP: 3 X

SI unit: Newton (N) P22
In SI base units: 1 N = 1kg.m/s* L/"_

QU-:: iit‘ﬂﬁsrr T2 = e 68




Types of forces

* Eundamental Forces: s Al
A. Gravitational: Force %Dere an obj egt atl'.nacts another object toward itself.

B. Electromagne ectromagnetic: Aﬂ@ﬂon and'teh Lenuls_on forces associated with electric and magnetic fields  *

C. Strong nuclear Force: which Binds elementary particlesto form larger particles. 2,2, v

D. Weak nuclear Force: acts between elementary particles on the length scale of an atomlc nuclel

« Contact Forces.
A. Tension Force: transmitted force through rope c£- le, or wire when its pulled. ‘d-- sy
B. Normal Force ( aceTeact lon): exerted force upon an object in cantact with another stable objec
C. Spring Force: exerted by compressing or stretching a spring attached to an object. See P 9! ‘;_-__,
D. Friction Force (Static or Kinetic): exerted force by a surface on an object moves across it. 3' Ty S s I\t

Ei—;—_\ \-"-—-'"’__ Y. I P %—-—-L_.—\ﬁ_;.-
N L Svese P o' SAEV LA
ooy oy B ot Cans p= B

o L gl v 23 Uy - €

mﬂ_—’ OCCoy, 33 D conte) 23 D
. :



wFT L s, \5

gjght versus Mass e
* Gravitational force (F, o) % * Weight: 6 o 5253 Moo

o ‘(21202 —= —_— The magnitude of a force that acts
g =W on an object due to its gravitational

Magnitude: int_eraction with the earth or another
w=m object
— M§ *L, e | | Sl unit: Newton (N)
N &= w:object’s weight Wz=md —
k,f; m : object’s mass =7029.9 . Mace. 2 ¢
WS- = 8 : gravitational acceleration £%6 N _

The amount of matter in the object.
Mass is scalar.

Direction: .
. The term "mass" refers to the same physical
_]J_'&z —Wj7 — —mgf/ concept as inertia Ases
points in the —ve y-direction (-y) Sl unit: kilogram (k_g)

9 : - 6369

/70



Assessment m=

Q1. Find the mass of a body that has 294 N weight
-\ _294 _ 3p kK

B _-l-— —

0.2
Q2. What isthe gravitational force on a 20 kg body?

= W= m -':Qﬂ)(‘?-? = lQSNﬁ
% I = =196 Y \L

Q3. if two forces act on a block, ﬁ;l =88 —39N and F. = —_8%
+ 337+4Z“Nwhatistheirn_e_t_£n.m\e_?//\, S 5517 b

b = FoaTe =(32-35 )+(-#2 3442 ) =oxrfaii=l2




Net Force =leséies

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

- -

F . = EF" = F, + F,+..+F,
=1 F3=F1+F2

F2 .
Free-Body Diagrams /«*1=2¢  1F.,

diagrams used to show the relative

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

situation. c"'z‘ g, '-g:ﬂ),\ﬂ'f‘?_:;’g-’ g {

<+

+ Fg rav

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,

s e 632
= 3%

2 Look at the figure,

—'. Frev =20+20=HoN
—— F et

*
Yo

3. Look at the figure,

12N N
- *‘ r'ﬂ'*“: - 11-:
- o
4. Look at the figure, ""?'.;
B—" Fre-sv
= Sax
5. Look at the figure,
_\,n?. Free, 12-8= 4
N P
— | [+ F sux

o LLIVEWORKSHEETS




Jail V}.‘&H Nl h?i N NEA ) o) X

' -
NeWton S Laws I T T~ Inertia: isan object resistance to change its motion

...-bl-"-"""‘j_ _____

ro— -

Newton’s First Law: Thelaw of ingrtia

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 astraight line with the same

: A
constant veloCity. €— [[] 350  Fpep = O
A=o o A a) 7o
}ﬂ - ,;!'l ! ﬁne ;= 0 With no uutsind:vf::c;z:r Lhis object will
30 3_;1.-1 i=0
ﬁ'_f"' With no outside forces, this object will « Aparticleisin EQUILIBRUM,
| ' | o never stop the net forces acting on it are
[ Rest ] [constant] > [ > 285 % ) esh | 2500 | w\S Vst
e . I velocity _ - . - .
e Sl s OFE A Sy bs R




————
il

':-:'}::,J -""'3-"-‘:" (I F: mao. o =?_‘_;"_‘F* A _é_"“
' nék
N€Wt01’lS LaWS II -3_)(::41;,}&5_;}’51&;.&;{_;\-5[.4-'5
Newton’s Second L aw: ogalt 65! (are® Z, 0 az\
If an net external force,|F,.. |, acts on an object with massm, the force will
cause an acceleration,a }in the same direction as the force:
-

9
F,.r = ma
e Acceleration has the same direction of — — m—
the net force that coursing it. — — a=o
10N
3 20N Fnet=20N
F @_i) 10N >
—— —
i ; -~ 8“ = Fret=2N
e No Force No acceleration.(constant velocity) «—— L5 i net=
e In 3D:

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



N G O S )\t o3
! - " . -
Newton's Laws Il 2y ;- oo, 50,0 =
Newton’s Third L aw:

the forces that two interacting objects exert on each
other are always exactly equal in magnitude and
oppositein direction: X

Fio ==l

Force of ‘_l:';
Grﬂ”ity -‘”‘J )

[__] F1 =-F2
:l""ha-t) \2ea L\H ="
i

orma ? o}
Normal Force (reaction): Reaction 5_,,_;". [
contact force that acts at the surface between two objects. o

L ewoaE SN, Wamg
The Normal force direction is alwavs perpendicular to the plane of the contact surface. -

= 2




Assessment

Q1: When aforceof 10 N Applied to a body and make it mov&ewnh acceleration of____[§2 What is
the body's mass? m=E- 10 = 5 kg

Q2: twoforcesF; = =58 —39 N and F, = 8% + 39 + 42 N actson a 20kg block, what isthe
: or ati ~ A f ?
magnitude of the acceleration? F;ﬁ =35 +YZ [f‘f: [353ut =6 N A= L - _% =08 m/fs

Q3: A particle of mass 3kg moveswith acceleration of 5m/s2. Find the magnitude of theforce acting

on the particle? Fzme = Bls) =ISN

Q4: Theforceacting on a body of mass 10kg is 300N, Calculateits acceleration? & = E "-‘3“-"5-3151"?/5
e

Q5: A 3kg object undergoes an acceleration given by a—(2x+5y)m/32 Find the resultant acting force

onit? Fzmi Fz3(2xt57) = 68 +159 F-*Jsid"c'r =62 N

Q6: Two Forces acting on an object are given by F1=(2x+3y)N, and F2=(3x+4V)N. The object
experiences an acceleration of magnitude 2m/s2. What isthe 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?

a6) Free=52.477  IF]<J5232 = 34w msF= Zé=usks
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Q?) Foee = lt’?"—:“-r‘*');l IFl = Surruz =5 6w '5'—:_% = 5.66 — 0.54¢

Ropes and Pulleys

...-T"ﬂr

o
Tension in arope hasthe foIIOW| ng characterlstlcs

1. Itisawaysdirected along the rope I /

2. Itisaways pulling the object

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

T '+ Same magnitude
/ e Different direction

ﬂq i
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Rgﬁé's and Pl:fligys

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 isthetension in each ropeif the ropes are vertically attached to the ceiling?
2. What is the tension in each rope if the ropes are attached so that they make an angle 0= 457

P

s e 25,/MUs

(5% )a.

T:i‘fff)‘i-r
= 26a.¢ Il

3=38la N
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4.5 Ropes and Pulleys

* Force multiplier

T 1
=—m
2n 5
m : mass
T : tension required to left the mass with constant

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

FIGURE 4.12 Rope guided over two
pulleys.

FIGURE 4.14 pPulley 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 :
Examplel: Ko = 40N
A box moves horizontally on africtionless surface as shown: B
1. What isthe acceleration? F, =10N / 00| T
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




3 el git gl ot oy o@

ay o
U_p S X r_‘:-LEELa- é,ﬁ«-ﬂ w2
Fx
F-. c _ — F2les©
yol Yocosép=-2°

Fx =y = 3R

= QO
Ax = ﬂ“_ © = dm/f®* =
= St
|0
Ay = o =2 2h gt b5 DD
CoF w< aBh O\ o ke g
N Tﬁmﬂﬂ
E:. HoSinép = 34.cu N ‘F}f: N+ Fl-s"ﬂg_mﬂ

| O =N+ 3464—9g
mg = (0 (4.3)= Q8w N = QB—EHeéliT:é.?ffﬁ




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
} = 0 +M2 mz Vl
F,.; =0 N '9 9 iy iﬁ
N +Fy +Fy, = J4
ﬁ — _(ﬁgl + ﬁgZ) # N: (mf_-"mz-_)j | rﬂeﬂ‘lmlg
N = —(—myg — m,g)
N = (my + m;)g

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



Applying Newton's Laws

fser
Inclined Plane (Wedge):

What is the acceleration and the Normal force?

Forces: LB
1. Gravitational force(mg)
2. Normalforce (N) "n-ﬂ

ey
Horizontal axis:
-mg sinB = -ma

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

‘N = mg cose
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Applying Newton's Laws

n,

Two Blocks Connected by a Rope m; <m, :
* Block m4 placed on frictionless surface.

Forces on block my "
1.  Gravitational force m; g

N
2.  Normal force N A a
3. TensionT >
* Acceleration (a) : In the same direction of tension [ right direction = positive value ] T
1 *
* Forces on block m,: } T
1.  Gravitational force m,g 7 ' ™~
2. TensionT m,g
. . . . 1 7
* Acceleration (a) . downward direction = negative value a |
v =2

85



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 :

mg 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?
my
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=gsinf frictionless a=g ( :
el e —. my + m,
'
'\J}
m >m, 0
_ <m1 - mz)
“=9 my + m,

88



Summary II

Forces for different cases

4 i2)

frictionless N =mg cos 6 frictionless

'

m >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@ = ~"9.85n q = 1-§33m/s"

mq

Q7. Two blocks connected by a rope as shown in figure ( m, = 6.3kg
and m, = 3.5kg ) , what is the acceleration?
a= mx= 9 = 3.5 W.ﬂ) = rH/S‘L

i’ﬂ]-rmz 6. —?315 . . .
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?

CL=rmM-"2g - £5-25 (q.8) =435
m,+m2 6.5+ 2.5 “Ysln




I\ e B\ o5
Friction Force

Basic characteristic of friction: = . .. . S 1

1-1f an object is at rest, it takes an external force with a certain threshold to _
iction force and make object move S\AP &,y el ponF TS

2- The force needed to move an object at rest is greater than the force needed

to keep it moving with constant velocity. +”*.“#* ! “ﬁ“’ﬂ“: -{;‘__ g o

3- The magnitude of friction force is proportional to tﬁ'Jnormal force.

4- Friction force isindependent onthe area.  5v5,# %) &° o— Lo 5250 %955

5- Friction force depends on the roughness of the suriaces Qs St as el ¥

6- Friction force isindependent on velocity re, S o fas AT

Sh pond y U asTad X
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LA

Friction Force types

SHl —e) Tt

1.

static friction: the case where an object is at rest
. relative to its supporting surface

t...-’ S5 et

P

__l_@t.Lcmc_tmn the case where the object moves
across the surface

__LM ﬁ:)\fJih N

iﬁé‘ﬂ Q}%k?l c,.s'#“_) l _
~

rrhj ’\’9



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 the static friction force has a maximum value Ju‘s > &

fpfdﬁuﬁ.‘ 55 rvs\>

fs,max — uSN fsmax : Maximumystatic friction force

U : c oefficient of static friction
N : N ormal force m‘j

Kinetic friction: .pJf S\ LSe I\, 2125 $o\o
(Kinetic friction fOFCG]IS always opposite to the direction of motlon of the
object.

M]’] So¥, 25 Apls fie: Kenticfrictionforce.
- f — N Uy : c oefficient of Kinetic friction
kK — Mk .

N : N ormal force m9
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Friction Force Summary

Normal force

/

Kinetic F[thion

Kinetic friction

\
Static Friction

force. TS fu= N

[smax = Hs
X %

(.fj Jd ﬁ‘-—ﬂ ¥ \}:\M Kinetic frlct|on
coefficient

I\/IaX|mum static
W

friction for

* Friction coefficient is always equal to or greater than zero

u=0

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

1>u=0

* Friction coefficient has no unit

Uilo O Sy N lee
SV 10 Lo SN

Ms
W doleo

static friction
coqffluent

%A_J\

o0 9 ©) —J >
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gfL_f,le u—“’ 's>
Applying Newton's Laws with friction

Acceleration for different cases

=
. ' . _ . m;
d'«é.__p\ w2 | frictionless a=gsinf frictionless a=gyg (m1 n mZ)
- with . with (mz — Hk"h)
L A . = — L =
B c” friction a=g(sinf -y cos6) friction ¢=4 m; +m,
i'f.-ﬂ‘“’ ""'\._.l
\__/
"
o ptv . m>m
I<m1 —m;
a=g )
my + m-
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Applying Newton's Laws with friction

-

Iz

Forces for different cases

. . mym,;
frictionless N = mgcos 6 frictionless T=yg ( )
e my + m-
with _ with 1+
friction N Siugcosd friign | |~ ™™M2g
— _J- m; +my
)
N
m >m,
=y

r=m(g—a)=m(g+a

96



Assessment
QL S
A block ( m = 2.7 kg) moves down a plane with an angle of_g0 . If the friction coefficient equals 0.3, what isits acceleration?
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 planeis frictionless?
3. Calculate the accel eration again assuming the plane has afriction coefficient equal to 0.25?

Q3.

A 5K g object is placed on atable and is connected to a 9kg object using a cord that passes over a pulley:
1. Calculate the normal force, tension force, and accel eration assuming the table is frictionless?
2. If the table friction coefficient is 0.3, recalcul ate 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?

97



Q1

Ablock L mi= 2.7 Lg:l maves daown i |'||.|:|-:' wilh an iIrI!_'||." rﬂ‘i‘ . I the Tnchon coelTicient q'-,|'.|.'||'-. 00,3, shat 15 it scoelerabion

az9(sm O- Mrcos®)
= 9.2(8n9 - 0.3Ceosq)

f— )3} ~/c®

o
A block of mass Sk which shides down on a plang having an inclination of 15 degrees.
i Culculute the normal force?
e ——
. Calcolate the acceleration, assuming the plane is frictionkess?
i Calculie the acceleration agam assumimg e plane s a fricton cosfTjerwent cagual w (0,257
“—

‘) M:W@Se 5

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

2) G=4gsnls = 9.85nIs
= 245 wm/c?
) O -= &é‘:n&-— Mcose)

= 98 (Snrs — 06,15 Ces /< )
O (69 m/ce



Q3:

A ‘|H,|_'_ [ S rll.'u'-;.l.] a3 Eible and s connected o o HL!: obyiect sk & cond thal passes over o rII.I“I":."

| Cplculate the normn] force, tension force, and socelerntion assummng the table 13 fnctionbess?
L If the table friction cocilicient &5 0.3, recalcuinie the I-L'ﬂ‘ill'lll force mmd the acceleration”
E— e

2’ - J(m,__.ﬂm.) :?.E(‘i-—mz,(fj)
7 2 -

Py ma o

6@5" = 52 wmlct
T= mmaz Lg [I-l'./"-‘f-

my -

— 9xsx9q. 8 ( '|-+ﬂ‘3 — Yp.95 4/



=>F=0

F, = [(-3)+ 39+ 42N .F, = [R—59— 42|N,F, = [A2 + By + CZ|N
If the particle at Eﬂuilihrium (The net force is zero), what are the parameters A_RB. and C ibat satisty this state?

Fl + F?.J;— I-_-_g — O
(341 4h )2+ (3-54B)r (4 1rc)z =0

—24A e llﬂ:Z\

~240B=c [B=2]

OxC - o |C-=CJ]

Q4.

A particle experiences multiple forces ‘;Ii:; follows:
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CHAPTER 5

Kinetic Energy, Work, and Power
aipiob A § )




Energy in our daily lives

£ G i 7 e 2o (o
Mechanical energy: Kinetic energy & Potential energy
Thermal Energy o1 »
Chemical Energy eo.casS

Electromagnetic energy mn..._.:,/ /—/ \

Solar energy o ™ e ras s

Electrical energy « v
Nuclear energy &8

NoUbkWwWwhE

Energy: The &l ' 'K
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Kinetic Energy 2\ a5k

APV ae S Sl IS o) S )
* Energy associated with motion VN Q) e
* Kinetic Energy : o oolz U

K: kinetic energy
K = > mv*  m:mass

v: velocity \ -
— )
d-();‘t-’fxlh—cl}lve --.fd‘” /

().?;\ o _‘D,Q‘J\-"-'ﬁ__ﬂdqups\ \L\:’,\\}_S

« Kinetic energy Isscalar.
* Unit : Joule (J)

+ 1J=1Nm= 1kg.m?.s?

* Kinetic energy Is always positive or zero (K=0 for an object at rest)
e » ewoso [V ol Sl el

1J’ — ch‘j‘m"- g

101



Other units for _enerqgy:

Cd e 5531« electron-volt  lev=1.602x 101

 ,\8 e calorie 1cal=4186
* mega-ton 1 Mt = 4.18x10% J

Kinetic energy in 3D:

s v = vi 4+ V) + vy

1
e K = Emv2

O-—-ﬁ
a 1 1 1
kﬁ %-Mq:c e K= Emvf +Emv§ +Emvzz
ol
X ky 1<,




U= ]2k
Assessment

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

2
K=2my2 = 3 30, U =2vod

m K v
Q2. The kinetic energy of a 2kg object is100J . Find its velocity.

Mm=2 €9 KE =\00 N =17

V= 2K :'\J’:ZOWJ:' lom/s?
— v 2>

103

K= 3mv? W?I%

A = my™




Work NaEA @ al

g "
* Work: PV I A LS
The energy transferred to or from an object due to the action of a force.
. Work isscalar o7 & (o 3E o Ay Grole SHlhiesslS

— Sy V2 \
. S| unitzme(J)f VLDV SIS ) B0 8 o

» Positivework : Transfer of energy to the object. ) Ga!

* Negative work : Transfer of energy from the object. e boacs O
D=L - o0l @)

i ‘hl' ol | - - <
COntentS: Cﬁlgrrl\n-".ﬁ)(_(“{d\ M‘MM\ d.:_-:_..?_g.P {_!.‘:-' @
o ' -':_' - L
Work Done by a constant Force f'/[l N Aan) oo \=u ‘o= W (Y @

* Work Done by the Gravitational force
 Work Done by a varymg Force

s '.:“"; 9e? de— 104



T

Work Done by a Constant Force
Work is given by i J ( ’ AF
W=F ﬁ L |d '

Using scalar product

force displacement @:(AT ;; rr — T
work \ /

— — W =Fdcosa

angle between Fand d

1* Formore than one force acting on the l

Maximum work No work

| object I — —

i Wiee = F pep (AT I F and Ar inthesame |F and A7 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




D""""C d__;.ﬂu_: r_,}r.',..-_f." dt",.ﬂ

=% Wes ‘£d "

1
o

F W= -Fd ot - 180

 AF
\N = - d CosE = ‘lC-::J‘ ,jB 3

F il S
[« Z.ﬁFI W= W +Wz2 5 Ws
s L W= G o d
C.‘l': Eﬁf': Tz—'\[‘l
Y, Ya
e .
E"*E’ﬁf-"ﬁ‘l‘j#‘z, ( .':*_ ".:":’“."’J"?‘I:IL-FN_J-*L:
A'B': 24€+ 2 = 2o a8/

= ? !.‘9, ;.;.,L,‘-"':*-Ll ,_:,',:..-rw#_ny. T-"\?‘_""—"""
-..;{_' A-E —- .0 w0 20 » f-q

JAL Bl fTran Jrasu Ji4 J24




Mathematical Insert : Scalar Product of Vectors

(Ax;A A, )B _(Bx; , B, )
Ww‘”ﬂ“l’#wh.:—

-

 Scalar product B
1. A.B = ABcos x “y E
2. A.B =AB,+ A, B, +A,B, J—
3. A.B=B.A anl, .o (commutative) A - B
— 2 =
4.AA=|A|~Q — A B Cos ol
5. 0<=cos‘1(A—B) =
4B it i nd o 2 -~
6. A.(B+C)=A.B +A.C (Distributive) P":fix *‘p‘j':l +H:E~
7 5c‘.5c‘=37.37=z”.2=1 . 5 L p 2
8 XV=%2=%2=0 ~ (3 = Bxx 1+ 8,9 z
N - _
O e AB A+ Roly 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

f‘f;i-iﬁ o)
Q1: What is the angle g between the two positive vectors A= (4,2.5)cm and B
= (4.5,4,3)cm? :
[— 1.5, 4, '3'}
AB = 4fq.s) + 2.5() y06(3)-2%
}ﬂl:,‘#ﬂflji =4.7216 IBII-:J’?.EE-PHH-SE:E.?E;
o |

/B IB] (4.716)( €F2F )

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

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

W= Faesk0 = F. d =

(25?:._;-1@) e (5:? +§> = 20234+ 20Y)

= B4

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.

===

Al=8

W=Td= Bo(c)= 300



SN ALl ) 7.0y J i)
Work Done by a Constant Force in 1D

—_—
: -
= For one dimension case; D=
F—F, W= F X
Ar — AX Ahe= B 5l o Jav
= Then the work Ah ast )
W =F,Ax = F, (x — xq) A o= R,

at.;‘:h wrr? a0V 5NV 9 5gad) TLC WS\
* If the force and displacement points in the same direction f&l

(0 =0, cosa.=+1) = W=Fd (positive work) ¢2+= Ue—
* If the force and displacement pointsin the opposite direction ..swes s
(o =180°, cosa =-1) > W=-Fd (negative work)
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WJJJ coted 5 Ja !
Work - kinetic energy theorem

Thereationship between Kkinetic energy of an object

and the work done by theforces acting on it .
—

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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it BN - :
& \2)' ) Jad\ v )

k.:%fl}ft} E'-‘i-'ri,} E2
= Ko =1 k=25y oa ap) s
_b uj —_— Ih:',l _:*J‘;f‘; r‘:ilﬂ\s-
{m)s 5 m/s '-'ﬁ\]--’}irﬁ* A

:—_J"*;-"I
da1 = wleh & I
Wz 25t -~ 2ud

W‘—‘K“‘Ka

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 - IEDUE’?
| =T
h'.:'t"'"“r"’
"J:i&?,m!f: "H':f.'_'&-mf_;

W:&-K: K—'\f;h

N\ = O - ‘Esmui

[
W= -3 (1000)(16.3) S3awsd
= 13 Y4YsS kKK



:y-f')%—[" 055 2 Ural) ga ot
Work Done by the Gravitational force
(M7 SN I(Wer)  Ja-yipos Sa o

The work done by the gravitational force on an object falling down
is

W, = mgh (down) W-—m(g k
a.-/ & [-'-‘f"‘

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

u__p_.,){]

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 ‘H’ i

a/-‘f‘mkall} YRS CAQQJOM—F)] Vﬁﬁc JaaN = s o



FJ, \L:
Work Done by the Gravitational force
L‘B_;S "—‘_-‘_jf] -:I.akU\) C"' ':W) m_jp'?,.dh:_r\ﬁr N> &
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.

G’Jf.l mw"d;_,_, L"‘Dr\_....-ﬁ'oﬂ_.)"‘ \.;\u-ﬂ.nﬁu—-—"lﬂ oo\ L% 9 o5l UX
Since the displacement and the force point in the opposite directions
= the work is negative (W_<_0) = it reduces the kinetic energy of
the object during its upward motion.

Rabab Al-Farraj 111
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L vaze )\ 27 m}’ﬁ\ w}@Sldﬁs"f’ osall \(Jaw
Work Done in Lifting and Lowering an Object

¢27 *For lifting: B (i T -
TT [WF = mgh cI_"\ i
Jeed o4 NI TIM;;T

*For lowering: Wi = mgl
|T/Vgp = —mgh\

112



Assessment

Example 5.3 (weightlifting) pa.144

Probleml :

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

W=mglhh=25%.5(9.2(1-83)0=46I8

Problem?2 :

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

the ground?
W:—-mgh=-46/8 F

Rabab Al-Farraj 113
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L ey (Lt 7 dait
LlftlngWIth Pulleys A e 1;:;;?

The same amount of work 1s done becauseit is " -
D= e/'?w*

-l"

necessary to compensate for reduced force by pulling _._ ..

the rope through alonger distance. 2 > c;iu.i—-:'\ et )
o) &= /

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

- -
Example: -
Spring Force: pifd o W j Feo dx
Hooke's Law s Xeo

E, = —kx
k : spring constant. o '/’r \Q) >
Spring constant unit : N/m c)f.;.,-m e N-‘-’f—kzx d X
0

Work Done by the spring force

z

%
VVS:_lkxz w:——lﬁjx_df:’—i{x
2 2.
=)
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Power L

4\ :,L_-?ﬁ» WBDY 3 pol il da N =(P) o, 2

Power : the rate at which work is done

W’wludwg P=dd_vr \_)-P_r‘j
Average power Yo s

P wd ek = g_. = P

A W s =
S| unit: Watt (W) _ WWalt = 58 U—Ns oA
_Y_
1W—?—11’(g.mz/s3 Jur= ‘J/S"-‘- itjn’*/sj
Pawer for Constant Force:
cr\mNo 3l ol P=F7 )
P = Fv cosa| C-S&(JH\J sl = a_ lalV

Where P 1s the power , F is the constant force , v is.the velocity of the object and a is the angle between

the force vector and the velocity vector. r{ ¢ :' ‘e Pgr_.; ey
dom/s "
P 10(28) (oS b0 = POV
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Assessment

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

distance of 5 min 20 s? T 5m
PzW _ mIh - 49(9.8)(S) = 120 .05 Wkt -
ot [ 20 - mzuq
Q7. If aforce of 14 N acts on a body and makes it moves with
velocity of 3 m/s. what is the power? —

F-—__—: fv = \MHB) =yz wak-
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CHAPTER 6

potential energy and energy Conservation
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Potential Energy ¢ s 7 =3 o250 {di-: & ov st L, Las

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

O S 1P (b L
- Gravitational Potential Energy (U)

U= mgy

A -\
* potential energy isscalar .

+ Unitf Joule (J)}1J=1Nm = 1kg.m2.s-2

» The change of the potential energy is given by

: AU=U-U,= mg(y —vy,)
t")#‘.’:’ d—":" AU = mgh

 The work for lifting an object is given by
W = —mgh

e Thus,

ooolad §pait = gt AU=-W

g = 9.8m/s?

misthe mass =s arS

yistheheight fa  £(. o

eolal, Vo3 AU
AUL= U - Lo =mg(-9)
=m9h

his the_h_ej.g,h.t.of the object.

J..
A
£
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Assessment l 2m

L
Q1. What isthe gravitational potential energy of 4K g body placed at

2_r__n abovethefloor?

(_j_-: ﬂ'?j(yz 4(9:-8) (2) - ?—f-q"é—

S
Q2. What isthe hel ght of 10 kg body that has potential energy of
081 J?
- :: mﬁ\y &/ ‘ffl -~ | m

mJ q.9X10 -
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Conservative and nonconservative Forces

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

closed path is zero. S50¢-56 =0
* Wpop==Wap or Wp,pa+Wag=0 W=o

. Independent of path, i.e.

* WA—)B,path 2 — WA—)B,path 1

* Nonconservative force : any other force

Conservative Force
8

Mon-conservative Force

n W, W

\» '/, A‘:‘».
\ Path 1 \N\/ Fath 2 \\
. \ ‘\“

S \

P ~




Examples Conservative and nonconservative Forces

d}’{\?gj
2 o

1 __—\.-d:“

s Friction

s

Type
Weight <1 2 | Conservative
spring 4 17/ Conservative

Cculombf’)"l Conservative
—

Non-conservative

Air Drag Non-conservative

Equation Potential Energy
mg mahl —-o ﬂ‘-:-':.i‘-ﬁ\ 2o e Lo
kx The —& d_ﬁ-’f 20 2 a5
kg, ki, —» ol 5 pm, S
r r
KN - ot . & o
Cd pv2 A _ - o
2

Table 4.3 Comparison of conservative and non-conservative forces

S.No Conservative forces

M5k i ¥ 1.

Work done is independent of the path
—_ 8D J"“‘"?d‘:' Work done in a round trip is zero

--.:r[:- a2 as §la) | Total energy remains constant

‘}.Q’Eaj Lo !:__. d:-.".ll Work done is completely recoverable
a gl 'l'- B

Force is the negative gradient of
potential energy

Non-conservative forces &R
Work done iilii]ii!llii]ﬂlili (] JUIV‘WI
Work done in a round trip is not zero;ﬁf."ﬂ-l"-r o, JJ":"d:—[ J
Energy is dissipated as heat energy i;y‘ji:t.ﬂf 5/:" Moo ot Lalt
Work done is not completely wrabled_,{,ﬁr IS5l opos i

No such relation exists.

';IO{_J_"?, '-‘-!,";’}ﬂs-':.-" >3 122




2o s (3 _y_-_-; I\ 2o YV, s 50
Friction Forces are nonconservative

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

W = —=2mg(xp — x) _
w Mo U ';_.[\S’U \ (}.a__'n
» The total work done friction force on the closed path is not zero.
pﬁ.r-"‘ ‘hn,j"‘-..n-ﬁ-‘ L}-ﬁh_ﬂ'u!\.’adﬁﬂ Ld'\--? gb\ﬁi.—-ﬂ..i.]'« #‘,—-’ m
* Thefrictionforce vector is always antiparallel to the velocity vector

(1.e. they are in opposite directions)

= Any force with this property cannot be conserved
B g

Et. | o= Memg [ \N="2 HAmg (xg-2n)

ol ..-'L--ﬂuf Q& 2 “—-"'t}m 123



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

Y= PR
T oolel

Potential Energy and Force

The force can be derived from the potential energy: -, =2 . 2% (su( 0.2
« 1D: o 90 _al
F(x) = ——
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): x?+x+4(J, what is the net force on the

particle at x=5m? Oal1 Ustall  adll)) = (eat

F = %%_::.?.Xrl

F’z;z,x.t.l Xzs o e

o 208 )+ | = 1A

Rabab Al-Farraj 125
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6. 5 Conservation of Mechanical Energy

.,.n\.ﬂ.h _P.ut.( J:_.-""-—"«.:- l.l_:,P,_J,.u :,m {‘—"'3\ -..-_F_,J-v J spm5

ri:-_'l-l'i

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.

{'WH-( RSN Z.__,f'-J co\le P e v Jarpadl) rL:'n.'.lt
(no energy is transferred into or out of the isolated system)

Mechanical energy E Cut.ﬁ._tﬁ_.;___u
E=_]S+y &‘jfiﬂ.ﬁh-i—-cﬂ_gj\ﬂ..p[‘._

For isolated system with only conservative forces, the total energy is conserved
AE =AK +AU =0

K+U=K,+U, J o, ful.-ll aJLﬂ[-_f
For conservative force isolated system. Si\S ._-\ﬂ,j\h,}; ;_;_,3"5 o 9(2 ogall »

D = n:"'n;‘.g-.ii ﬁ';w‘ya- ..(2';:“‘-’:'”



S N | Tt sk
Work and Energy for the Spring Force: - s ALes

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

* At the maxirhum po.int xéA - lm\/v\lj
1kAZ < J 4
= N —_—

G2 A
Where A is the amplltude ( maximum elongatlon of spring from equilibrium position)

eI N e azs 5 2.2 pesh
* Thus, the speed of the block at any point x is given by

ot >

K as— oS vl
_ 2 _ 2y ; : "
L e—"”v V(i x}f) aed o1 f !

;L.—-*'H, D“hf*\ 127




< <= © Solsl ) Sole)! bes
e—3iT3 b U=m9y, E = mie + Lyt
I k = -1'._{ Ve &0 (o
=L
€] #C: muy 2
*-l ~L- = (] Ff_}h

— o, :1 T 7 ‘ =
ML’ L= - P _\.F\,A.—':- :-..___'E\,_.L__ﬁ___l_\ aole) !

= E+UW = cConstant

LE Ak +AMU = O

’a:::;"’ d-:'-""ﬂ'"".-:*rf‘c?nﬂ# = daai el A I.‘:"-'J'-' it

<
M9 Ja = gleVﬁ




CHAPTER 7

Momentum and Collision
\r:':'_i\ (?-’” r_} o |




Linear Momentum: P P mo
Momentum : the product of an obj_gct's mass and its velocity @r}a;r’,#l;ﬁ
s p=mv at o C"r ‘
* Momentum is vector.
- K9 m/c

* |t points in the same direction as velocity. =

* Sl Unit: 1kg m/s = 1kg.m.s™? =
O F o ] - ‘ " - Y
« Momentum and Force a—’_“'\' e

. d A ‘AN asa o = P |
p_40 e =
dt - ‘iﬁ
ot
* Momentum and Kinetic Energy i
v — pz MM\ iy r,r}\ (o asdall
- 2m k- p-



Assessment

— P=mv= o (20) = Iza?
. . . Fym/S

Q1. Find the momentum of 10 kg cannonball moving with
speed of 120 m/s? AN ail o = opd!

—n -
-3
Q2. If p = 3t2 + 2t kg.m/s, find the force F at t=1s. F'-’-‘LE =6t+ 2
dt _ ccoe2z EN

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

10 kg m/s " 2
k=% =& _ wo . as¢
zm 2(2) =t

Rabab Al-Farraj 130



(3)1) -'j— \Eﬂ F-’ 50 E:E 1:.. T

Impu Ise: the time integral of force or the change in momentum.

* Impulse is vector. oM IUL & Jan) J5\SGzu\ > ,{J;f"? < il
— = ‘? - F. ;
* Sl unit: kg.m/s or N.s 3= pP=Vg-To
- m?‘; -m7
J=A4p = ﬁf — i
* For constant force by = Fpt
j): ﬁAt e W N i
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Conservation of Linear Momentum

B ;J’Z'J oy e @ @
£) Z) miYp M2V p
;’y} \\ m2 > \ m1

oI (2 (2l e
M1V T MyVsy = My Vi T MV
e
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Conservation of Linear Momentum o

Cabeat G Ba3 EP GA

s .-“J'c:; ke 2,58 2P0 s

"’"3_&’ PV 1 1o o8P 20 1 :-ﬂn.:lf‘rf-“"'
(Ao S s 9200 ¢ 200

* Typesof collision:
* Elastic collision '-'-’-"_
e Inelastic collision Yo r™
* Totally inelastic collision 55-’}'”1-_:‘-»5

e Conservation of Linear Momentum

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

Pr1+ Pr2 = Dir + Pi

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

P B 7D 4 F da ALY 2T PNEE w7 P Rasuls
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