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Coordinate System

:Number Line (3!l laall -1




Coordinate System

:Cartesian coordinate system S Gbfilaa) a3 -2
I NEEY
: 42
(8. 1) . |
To find the value of xand y o oo X
i 111 | 1 2z 3
y 9 X 3.4.\.9 u.l.C- Jﬁ.\.LU } X 4+ E + 41 s
(1.5.35 1,




Coordinate System

Polar coordinate _ké Sl alki-3
X :System
t
(%y) !
|
r _— |
|
g . :
(0,0 g i

To find the value of r and ©
O or desd e 6l




Coordinate System

:Polar coordinate system (b8 Sl alai -3
" X=r c0s0
" y=r sino
=, x2 +y?
™ tanO = y/x

= 0 = tan ! (y/x)



Coordinate System

Example 3.1 Polar Coordinates

The Cartesian coordinates of a point in the xy plane are (x, y) = (=3.50, —=2.50) m as shown in Figure 3.3. Find the

polar coordinates of this point.

r= Ve + = V(-350m) + (-250m) = 430m

= — = 0.714

tan @ = ¥ —2 .50 m
x — 3250 m

68 = 216°

¥ (m)

N

A

(=3.50, —2.50)

Notice that you must use the signs of xand yto find that the point lies in the third quadrant of the coordinate system. That
is, 8 = 216°, not 35.5°, whose tangent is also 0.714. Both answers agree with our expectations in the Conceptualize step.



A Bl claagl) g dgatall culiagl
Vector and Scalar Quantities

Scalar quantities is completely specified only by number value with
appropriate units and has no direction.

o) L) et g dsliad] clax gl e daad) dad U5 (e Laid Lolad dynamd] coliaSI) ayasd i

Examples: distance ( d ), mass( m ), time( t), work( W), volume (V), length (L), width
W). 9

Is the following quantities are scalar?

1- The temperature outside, 2- The volume of water in a can, 3- The age of
the Universe, 4- the ratings of a TV show, 5- The height of a building.

Cdaand) o LW laS) 40
sLé.\y).n.l.'@L)M"I-suﬁﬂ)or_':gemhtgcu‘(\”'z‘zjbd‘wo)ﬁ‘b)ﬁ"l
.‘J.L\.o.” 2[9_')"5



A Bl claagl) g dgatall culiagl
Vector and Scalar Quantities

Vector quantities: is completely specified by a number and appropriate units
plus a direction.

Yl () ALYl dnsliad) clax gl aac U (e JoSIL baaass (i tonlgiadl culiaS
Examples: displacement ( Ax ), velocity ( ¥ ), acceleration (d ),

Force (F). (F) 35« (a) £ Lt o (v) ae ) o (BX) a1 salss]

Is the following quantities are vector?

1- The velocity of a sports car, 2- The weight of physics book.

Cigmio W leSd) o
el QUS (9 -2 daslyy 8 e ey -



da V1 g Adluall
Distance and displacement

= Distance and displacement

= Distance is the scalar quantity. It is
B the path followed by particle. As
shown with black color

= Displacement is the vector drawn

from the tail of the first vector to
the tip of the last vector. As shown
by red color.



Some Properties of Vectors
Cileaial jailliad yan,

O Equality of Two Vectors

v" Two vectors A and B may be defined to be equal if:

They have the same magnitude and the same direction along parallel lines. A=B

A clg=iad) Cpe i) 8lglas &
/'/f 13 wglaie BgSo Of e B g A (rpxio cinyas (e ©

A=B d.“\)‘y.o ja}‘a? Jﬁ!a e ol e g ‘\.><.><.3‘ L (\.@,13.3
C ,V

\




Adding Vector

If A and B have the same maghnitude and the same direction
along parallel lines w—) A+B

A+B &jlgiadl bgsdl b (de slo¥) Lusig azad] s B g A (1o JSI S 13)




Adding Vector
SHPENIN|JFDEN

- Describing by Graphical method:

Drawl_f, R
then add A, 3

- R is the vector drawn
from the tail of the first
vector to the tip of the
last vector. This
technique for adding
vectors is often called
the “head to tail
method.”

Draw K,
then add §.




Adding Vector
Cilgaial) e

= Negative of a Vector lgxiall &

— [ —
—) ———————————
If two vectors A and B have the same magnitude and opposite
direction along the line ———mmp A+B =0 Negative of a Vector

lgziadl e ok A+ B = 0 Ll oo csle Slaadl obxi¥ly o) uisi B 5 A Cpgamiald S 13)

— —




Negative of a Vector

dgaiall 3L

= Negative of a Vector

lpxia
The negati “’“‘8 i
gative of the vector B s defined as the vector that when
added to A gives zero for the vector sum. That is, A + (-B) = 0. The
vectors A and -B have the same magnitude but point in opposite
directions.
¢ gazmal il (dany A () aisla) aic (53 axiall ail B aziald L) juaiadl Cag yas oy
Ol (6 ss LSSy laiad) et L B g A lgiad) A+ (-B) =0 (gl axiall



Negative of a Vector

dgaiall 3L

= Negative of a Vector

" — — —
l‘h"ﬂ would draw - Vector C — A — B is
B here if we were ra the veohor we must
-,
&

ik
adding it to A

— —
B add to B to obtaimn A

el

e .
Adding —B o A
is equiva]enr;}tc-
subtracting B

—
fromm A




Summary

e

—

1- If two vectors A and B have the same magnitude and the same direction

along parallel lines. A=B_

2- Head to tail method

-_ -

3- If two vectors A and B have the same magnitude and the opposite

— _’

direction along the lines. A= - B

4- When two or more vectors are added together, they must all have the
same units and they must all be the same type of quantity.



Summary

() uick Quiz 3.2 The magnitudes of two vectors A and B are A = 12 units and

- B = 8 units. Which pair of numbers represents the largest and smallest possible
. values for the magnitude of the resultant vector R = A + B* (a) 14.4 units,

4 units (b) 12 units, 8 units (c) 20 units, 4 units (d) none of these answers

(@) uick Quiz 3.3 If vector B is added to vector ﬁ, which fwo of the following
- choices must be true for the resultant vector to ] be equal to zero? (a) A and
B are parallel and in the same direction. (b) A and B are parallel and in

opposite directions. (c) A and B have the same magnitude. (d) A and B

are perpendicular.

IR TY



Components of a Vector and Unit Vectors

(LS el 45y Hha) Cilgatiall Chlas g5 dgaiall LS e

1-The graphical method of adding vectors is not
recommended, for example in 3D.
2- The components of the vector or its rectangular components.

Vectors along coordinate axes.




Components of a Vector and Unit Vectors

(LS el 45y Hha) Cilgatiall Chlas g5 dgaiall LS e

A .= Acoso , )
A, = A siné

A= }A§+ AZ

A
0=tan! (D)

These components can be positive or negative. The component Ax is positive if the component vector
Ax points in the positive x direction and is negative if A x points in the negative x direction.

axX OIS 13] oz go ga AX OgSadl b gl dnla) 0585 O (S Sl 03
cle Xoalxi) (8 X blss colS 13 ddle gag ol X sl (6 psa V jaic



Components of a Vector and Unit Vectors

(S el 8y yha) Clgatiall Clan g5 dgaiall LS 1

® Notice that the signs of the
components A, and A, depend
on the angle 6.

= For example, if 6 = 120°, A is
negative (-A,) and A, is positive
(+A,).

™ If 6 = 225°, both A, and A, are
negative.

0 : 15 an angle between vector and positive x axis o4l

y

Wl N o -
A, points A, points ) :_‘LJ'C O L,>‘>I 1
left and is — right and is + 2aix5 AY 5 Axe ol
A, points Ay points dyglJ) e
up and is + up and is + 3]« Jiad) v e -2

X i o Hd _ -
A, points A, points lgls « 120 f”ls
left and is — right and is + @l oSleg (Ax-) adL.
Ay points A, points (Ay +)

 © 5 =225 =ulS 13 -3
Ay9AXQANSQB

down and is — down and is —

X godly axidl g dolh 4010



Components of a Vector and Unit Vectors

(LSl 3 5o Slgaiall o 55 dgaiall LS o

gren] ) T LS W) G i,
A | A = Acose, A, =Asiney
B | B.=Bcosb, B,=Bsinb,
C | C.,=Ccosos, C, =Csine,

R\’zA.\'-l_B.\'-I_CT R":‘AJ’-F'BJ"-'-C"

+y

R = J(Rx)z + (R,

R
— tan~} Y
o) an (R )

X

+X e ae C anidl Lgatoay AN L6 31 lae 08 O




Example .

From the figure, find the
sum of A, B, and C
vectors and its direction?




Example

“aid A A5l gl A8yl
A A = Acos3(° A1,=Asi1130"
=6(0-866)=5.2 =60.9=30| R=\RP+R> = (18] +(5.1f =42925=54
B | B.=Bcosl2( B, =Bsin12(f
=4(-0.5)=-2.0 =4(0.866)=3.5
ClC=Ces25 € =Csin225 P (%)
=2-0707)=-14 = 2(-0.7071)=-14 x
= tan~' (33)=70.6°
R=4+B+C, | R=4+BC
=50-20-14=18  =30+35-14=5.1




Unit Vectors sy e

- Vector quantities often are

expressed in terms of unit SlaS Ge i) ol -

vectors. DY e S (6 lgniall
- A unit vector is a . Baxgl) culgzie Gy (e
dimensionless vector sl (g JBU g 8a>gll 8L -
having a magnitude of Lwallh 1 e o
exactly 1. aai) laxgll J8lg pasind -

- Unit vectors are used to
specify a given direction
and have no other physical

Sale duanl Lg! oy e ol
(_9)>’

=

significance. magnitude of each unit vector equals 1; thatis, [i| = [j| = [k| = 1.



Unit Vectors




Unit Vectors

— — — y
The resultant vector R = A + B is

R = (A0 + Aj) + (Bi+ Bj)

R = (A, + B)i+ (A, + B)j

4> Fal n
Because R = R, 1+ R, J, we see that the components of the resultant vector are

R =A + B,

)
~
v

R, = A, + B,



Unit Vectors

= .
The magnitude of R and the angle it makes with the xaxis are obtained from its
components using the relationships

R=VRZ+R?=V(A,+ B) + (A, + B

4y T B,
tanfl = —=
R, A, + B,




Unit Vectors

AL times, we need to consider situations involving motion in three component
directions. The extension of our methods to three-dimensional vectors is straight-
forward. If A and B both have x, ¥, and z components, they can be expressed in
the form

— — —+ » : -~
A+B+C=(A4+B+Cli+(A+B+C)j+ (A +B + Ck

R, RJ, R

Z

= VRI+ R}~ RL.

8, = cos 1 (%) 8,= cos 1(—y), 8, = cos™I(




Examples

Find the sum of two displacement vectors A and B lying in the xy plane and given by

—

A = (2.0i+ 2.0j) m and B = (2.01 — 4.0}) m

— — — -~ a
R=A+B =(20+ 2.0)im + (2.0 — 4.0)jm

R,—40m R, — —20m

R=VRZ+R?=V(40m)*+ (—20m)? =V20m = 45n

R, —2.0m
- — = = —0.50
tan 6 R. 20m




Examples

A particle undergoes three consecutive displacements: A, = (151 + Bﬂi + 12k) cm, AY, = (231 - 14j ~ 5.0Kk) cm,
and AT, = (-13 + 15j) cm. Find unit-vector notation for the resultant displacement and its magnitude.

AT = AT, + AT, + AT,
= (15 + 23 — 13)icm + (30 — 14 + 15)jem + (12 — 5.0 + 0)k cm
= (25i + 31j + 7.0k) cm

R=VRZ+R2+ R

= \/(25 cm)® + (31 cm)® + (7.0cm)® = 40 cm
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The Concept of Force s e

Tow types of forces:

renl gl e Ole g
1-Contact forces: Physical contact between two objects

Contact forces

—_— e —— —— — — —

Pulling spring Pulling cart Kicking ball.
531 S,




The Concept of Force = e

Tow types of forces: gl e Oleg

2- Field forces: NO physical contact between two objects. These forces act
through empty space i) 03m e O s il 2z ¥ Jlmal) lal] - 2
Field forces ie B8 il JU> o o

| s
- / j
| —— M | | g £

R — |

a b C

Gravitational force. Electric force. Magnetic force

Janalsd) 848

. 91-' . - .. .
X-SK [}




The Concept of Force

The Vector Nature of Force When Fyand
are applie
p = . . . A downward A downward :‘:Ef;-];ﬁi‘:;:l;::, When l_.i:] is downward and i'ba
I,f Fl / F2 insame d’ rE’CthI') force i“t] force Fy the spring is horizontal, the combination
o _‘_5_9 elongates the elongates the elongates by of the two forces elongates the
s — — u.A.QJ = spring 1.00 cm. spring 2.00 cm. %.00 cm. spring by 2.24 cm.
F = F, + F, (as seeklc) - - - "
TR

If fl downward and f{_
horizontal (as seen in d):

d) (s moge g0 LS ) addly Loyl Al> (5
¥ | = VR + B2

0 =tan"' ( F,/ Ts)




Inertia

\q‘na‘(n
o
- - ?
What is the Inertia:
Defined as the tendency of an object to resist any w o iﬂf{of 5 3 7
attempt to change its velocity. €51l jguail) go Lo f
ATy )_u_z_d 4.’9[}.4 LS‘ 349&4.} ujls d,g.og doy 425 ALy @Electric blower

What is the Inertial Frames?

An inertial frame of reference, in classical physics, is a

frame of reference in which bodies, whose net force acting Thehblemwﬂ
upon them is zero, are not accelerated, that is they are at -
rest or they move at a constant velocity in a straight line. PHYSICS

on the book

C sl gt ol Jlo) (g0 Lo
558 Jars il o ling)) agd Joeais ¥ (sar jo ) 99 ¢ xS dSI) el (b 0 (S jguailly sxz sl LY
i b (8 A0 de pun A i g a1l (8 Ll 6l el aie Lgle Ll



Newton’s First Law and Inertial Frames
S jgail] il Jlalg Jod g (gil5

Newton’s first law of motion, sometimes called the law of inertia

51391 gadl] (998 Blixt anle Gl (callge &S o) Jo¥l (pigw (ygl8
Newton’s First Law an object at rest remL';f;inS éﬁnésf)gnd an object in mbtioﬁn cojr?[inl‘]}és in iied
motion with a constant velocity. &0 (8 ] ming i) Db B pd iy il JY plal

In other words, when no force acts on an object, the acceleration of the obdjhéct“l‘;s"z""ergfd &

Njoe ) ¢ L oS« B e B Jani ¥ Losic o 521 8 faug
Example 1: Which of the following statements is correct? \Ciommn ) ol fuad) ol 21 Jlie

(a) It is possible for an object to have motion in the absence of forces on the object.
(b) It is possible to have forces on an object in the absence of motion of the object.

(c) Neither statement (a) nor statement (b) is correct.

(d) Both statements (a) and (b) are correct.

IS RIS R DL I SEy ST Q&«d o (1)
S ol b Lo gz e 8 Alia S O (Swadl el )
S|

s () 3 Lt Yo (1) o ottt M )



Mass i<

Mass is that property of an object that specifies how much resistance an object exhibits
to changes in its velocity.

cdic g (g8 Dl gl Lo OIS Lo jay () doglial) jlatie vaxd (SIS dunls (0 S
The Sl unit of mass is the kilogram (kg). .(kg) f‘ﬁ&l-&-” en liSL Sl 5axg

Experiments show that the greater the mass of an object, the less that object accelerates
under the action of a given applled force.

Suppose a force (F) acting on an object of mass ) produces a change in motlon of the

object with acceleration (a,). If the same force acts in other object of mass (m,) produces
an acceleration (a,). The ratio of the two masses is defined as the inverse ratio of the
magnitudes of the accelerations produced by the force:

my; Ay

Mg a

fo el &S (B i s (M) S e 5 (e Jars (F )3g o o jiad
(32)2)@ ’(m2)M‘wp‘wgwwogd‘umulfmal))EJL.J
.oﬂ’u&mhﬁ‘u&)u‘uﬁww’w\@‘@M‘Mqﬁ@



NMass

Example2: if a force acting on a 3-kg object produces an acceleration of
4 m/s?, what is the acceleration if the same force applied to a 6-kg?

Answer: a, = 4 m/s? las 2. [ pdops L& s i oS 3 > (sle 8 5all 8N il 13) 12 Jlial)

a2=4m/s2 5> TaaxS 6 (e Gabas Lguss 8t culS 13 ¢ L)
Example 3: For the same exerted force on two B>Sd|es of masses mfénd m,, | ’ 4

the m, = 2 m,, the acceleration of m, =
S e (o (e dgaiall 8gadl st 13 Yl

1- a,=2a, m2 ¢ L Obem2=2m1 =sl8 13 . m2 gm1
2- a,=1/22a, )
3-a,=1/4 a,

4- a,= a



Newton’s Second Law

Newton's second law of motion rélates to the behaviour of objects for which all existing
forces are not balanced.

Bagrgal) ooil) auaz Lgud (3l ¥ (i) elus¥l Al Glaty & oll W) (ign gl
Newton's second law the acceleratlon of an object is dlrectly proportional to the net force

acting on it and inversely proportional to its mass
S zo LS linyg aple Jand il dball 3l o Lol ity ) g 5L S g 5305

7 2 F e 2ﬁ=mﬁ’

w

EF,Zmax Eﬁ;=maf ZE:mﬂz

The Sl unit of force is the newton (N). 1N =1 kg m/s?  (yigy (o gl Sl 32>




)
Newton’s Second Law
L_HU\ (st O
Example 4: An object experiences no acceleration. Which of the following cannot be
true for the objERtBL il Bimo (550 O (San ¥ b boso Lg‘ & b Lg‘ S axlg Y 4 L.

(a) A single force acts on the object. | (de Baxlg 868 Joni (| (1)

(b) No forces act on the object. ) e Jord (548 Y o)
(c) Forces act on the object, but the forces canceretl Sl O ¢l (e gl Jos (z)

Example 5: The Newton is an unit of the following quantities except:

a) The tensile Force el b aW) culaSI) (e Bamg g (p5gw 1D ?)
mt 55 (1

b) The mass

c) The welght. L))s” ( -

d) The electric force 34:’[4)-853‘ ng (J



Newton’s Second Law

Example 6: What is the acceleration that is produced by a 15N force in a mass of 8
kg? Answer: a = 1.8 m/s?

CoxS 8 aliS (48 15N 355 dlanulgy axlis) piy s3] ¢ ,Lutd) g0 L 16 Jlie
Example 7: A car with a mass of 850 kg is moving to the right with a constant speed
of 1.44 m/s. What is the total force on the car?
Answer: F=0N el ) 028 850 dr 8 s A i 17 i i -
e LIS 3l o Lo [ 2 1,44 3005 dc juu
Example 8: From the Figure what is the resulta@té)_m”
acceleration of puck with mass = 1kg? )

5.0 ™
2.0 M

Answer: a = 10.18 m/s?

CosS T = iUl ge e O @l g Ll o Lo Sl 0 18 Jlie




Newton’s Second Law

Example 9: Determine the magnitude of the one other horizontal force F1 acting
on the object

Answer: a = 8.66 m/s? - . = 500N
)] e Jams () F1 G5 80as) 848) e ayas 19 Jlie ‘ a =10.0 m/s?
0
kg



The Gravitational Force and Weight

All objects are attracted to the Earth. The attractive force exerted by the Earth on an
object is called the gravitational force ( ¥ F, )

() dnild) 88 (soud Lo > e ua)w Lo Lo u.‘.” &laxd) 8 ol uoj}.“ u.” <ol ) Zra> CIAxAS
> F = m?f

withd = gand 3 F = F,, gives

!
I
1




The Gravitational Force and Weight

Example 9: A baseball of mass m is thrown upward with some initial speed. A

gravitational force is exerted on the ball at:
8501 (e analod] 858 i jlas iy iidgdl de ) Gany o M Jgrasd) 85 (oo i 19 Jlio

1- all points in its motion

2- all points in its motion, except at the highest point ; iS o 8 Lliy) ev‘-’f
3- no points in its motion i (o (Bl b S p Uil zex -2
iSp o blis 225 ¥ 3

Example 10: If a man weighs 900 N on the Earth, what would he weigh on Jupiter,
where the free-fall acceleration is g, = 25.9 m/s?? Acceleration for Earth g = 9.8 m/s??

Co cgitall CSS e g Iilas o b ) (e Gig 900 0y ) O B 110 Jls
CgE=9.8m /2 o, inuill ¢ Lt $2 & [ pg) =25.9 50 ol Lgadl £ L OsSe
Example 11:A woman weighs 120 Ib. Determine (a) her weight in Newton (N) unit and (b) her

Answer: F,, =2377.6 N

mass in kilograms unit. (1 Ib= 4.448 N) i 33>g (6 Ly (1) wams (L, 120 81,001 o35 011 Jlis
(Ib=4.448N 1) .c0lo) 2 S 83> (8 LgikiS () 9 (N)
Answer: Fg = 553 N Answer: m = 54.5 kg 95 8229 ?



Newton’s Third Law
Gl i g o 58

Newton’s Third Law: If two objects interact, the force F12 exerted by object 1 on object 2
is equal in magnitude and opposite in direction to the force F21 exerted by object 2 on

object 1:
7 I F, = -F
Fis = —Fy g\x 2 = ~Fa
Fis Fy
2 B3 b T B L jlas (il F12 86881 0 ¢ Olar Jelas 13) tedlB) (g (138 1

e 2 ) sy Lo gl ) o3 ) F21 3ga)) alxil (48 LSy pxd) G (1o (sl



Analysis Models

wtl o
| Zal.o.a

The Particle in Equilibrium
Ol (8 Dlarrd]

—
>F =0
i1
I — ]'g = ()

= l‘g

-

g

i
Il




Analysis Models

The Particle Under a Net Force L
u_‘)l_‘o 099 s u_aw.”‘[ﬁ ﬁ
Eszma:x E}f—!

1T = ma

X
ZF,:n—F:O or| n=F |" I—
¥ g g
If T is a constant force, the acceleration a= 7/m also is

constuu_‘l_, T/ M= dc gl HeSud « ALl 86 e 8jue T onlS 13)




Analysis Models

Example 12: Consider a left moving downward and speeding up with an acceleration of
2 m/s2. The mass of the left is 100 kg. Ignore air resistance. What is the tension in the

cable?

Answer: T=780N

[£2 g )i g gy Jimd) ) L) 35 3 L] (b @ 112 Jlio
CAL) (6 g1l g0 Lo elgpll doglio Jaloos oS 100 L) aliS .2



Forces of Friction

A

A g8

When the magnitude of

For small applied the applied force

forces, the magnitude exceeds the magnitude
of the force of static of the maximum force of
friction equals the static friction, the trash
magnitude of the can breaks free and
applied force. accelerates to the right.




Forces of Friction
A=Y 599
The maximum Force of static When an object slides over a surface, the
friction ( fs) between an object and magnitude of the force of kinetic friction
a surface is proportional to the (?k) IS given by:
normal force actjng on the object. AN £ Kb « .
o a5 ey peand) | L) S 5 e 3. Y 85 85 dhe| (oo e bopr Ju Lose
Joxi i) duanld) 3 — tilal gy (fK) S 1
fr= mn
HUs: The coefficient of static friction Ui The coefficient of kinetic friction
KU KN alee us SA oY Jebeo suk
n: The normal force. n = mg n: The normal force. n = mg
o= Oanddl 34 m sl




Forces of Friction

A<
_IL)\.L?A!

- The values of u, and u; depend on the rLlsature of the surfaces.

- The direction of the friction force on an object is parallel to the surface and opposite to the
actual motion (opposite to normal force N).

- The coefficients of friction are nearly independent of the area of contact between the
surfaces.

Example 13: You press your physics textbook flat against a vertical wall with your hand.
What is the direction of the friction force exerted by the wall on the book?

a) downward b) upward ¢) out from the wall d) into the wall

Example 14: A cyclist of mass 30 kg exerts a force of 250 N to move his cycle with
acceleration of 4 m/s2, what is the force of friction between road and tires ?

Answer: F=130 N

ZL.HJY‘M.\.\L(}LC—OI‘]B”S(\.\SM
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Forces of Friction

AN TN |

_ _ AN 599
ExamE)Ie 15: From Figure, find u, E=20N
wa>g Sl e 115 Jlad)
Solutions 1\l
& m
Fcos(30)= p_n , n =mg=10*10 = 100 Hs a=0
m =10 kg
u,=Fcos(30) / n = 20cos(30)/100 =1.78*102
F=20N
Example, 16: From Fi%ure, find u; /
ypg‘.dS\uJ‘u.oGJb.o -300
Mk = 2.67*102 Mg N a=2m/s?
m =10 kg
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Temperature and the Zeroth Law
of Thermodynamics

t | \t 7

d._ui)DLH w_ou_aau LeIULII uyuB OJIJPLH d..>)3
What is the Temperature?

) pdl iz p e Lo
If you stand in bare feet with one foot on carpet and the other on an adjacent tile floor,
Which one of them is colder ?

The two objects feel different because tile transfers energy by heat at a higher rate than carpet
does.

i< 99 gl 2>g 6\ ¢ jglzmadl LAY (pe 4_‘_@) e (5)>>1D9 abed) (de 8a>lg r8 2o ale ﬁ‘as‘ S —asi =S )3
e o u.lr—‘ Ja.xo.a a))xn.' a3 (L) J.v_u LM’ L)Y uls.l.\m ULQ.....‘}J‘ 0033).3
Is the rate of energy transfer between two object by using our skin is enougﬁgr
measuring the temperature?
U8 ) ol iz p el B L5ty plasxinly Gpewer O dll) Ji5 Jare (o
What is the best way to measure the temperature?




Temperature and the Zeroth Law
of Thermodynamics

What happens when you mix hot water with cold water’&;aju, ladb L) el Z o Ale Chaxy 5L,

Energy is transferred from the hot water to the cold water and the final temperature of the
mixture is between the initial hot and cold temperatures. a)Lg.I) L) qu O}u‘ L) Cte L J—"—' iy
33,llg &Ll adgdl 8 ) ol il p O ksl dlgid) 8 ) ) d (055
(Heat moves from high temperature to low temperature objects)

(daisial) 5 ) ol o p cls eloa¥l ) dasijall 3 ) ) il (e Jitis 8 ) )
To understand the principle of temperature, it is useful to know some of the basic terms:

L) colollnad) s 88 2 asiall (e 3 ) g x| :
1- Thermal contact: If energy can be éxchangﬁ between t objetftu - Oe v 8)pdl iz p lare il

2- Thermal equilibrium: is a situation in which there is no energy exchange between two object
by heat or electromagnetic radiation if they were placed in thermal contact.

053] (golalitog ;g1 g bt 5l 8 ) ol Gpor O 83U Jals apd 2 g Y (Al gl g o) ) Oplsl) -2
()l Jlail (8 Loy



Temperature and the Zeroth Law
of Thermodynamics

Zeroth law of thermodynamics
a )’ ?J | Ksluall Zeroth L)ﬁ-’b The temperatures of A and B are measured

If objects A and B are separately in thermal 0 52 I e e e B e
contact with a thermometer (object C).

equilibrium with a third object C, then A and

B are in thermal equilibrium with each other. ‘

anil) lagaany 2o s) 7 15 (BB g A 58« € b Sz (sl Ol (b ibaitio B g A plul il 13) 4
» Objects at thermal equilibrium have same Cill ¢
temperature.

ol iz e Lt () ol Cplsid) aie plaaY)
» Temperature is something that determines

whether or not energy will transfer A
between two objects in thermal contact.

O Jiiie a8 el 3] L aasy ol (o 8 )l dx

No energy will be
exchanged
between A and B
when they are
placed in thermal
contact with each
other.




Temperature and the Zeroth Law
of Thermodynamics

Q: Two objects, with different sizes, masses, and temperatures, are placed in thermal
contact. In which direction does the energy travel?

(a) Energy travels from the larger object to the smaller object.
(b) Energy travels from the object with more mass to the one with less mass.

(c) Energy travels from the object at higher temperature to the object at lower
temperature.
sl obxil (sl 46 s ) Ll (b« dalizes 8 ) o oy DBLSy plrl ¢ Cnensr 2oy 0l 1o
Casll))
o) ) () SV ) e L) s (1)
8 aliSY) el aliSU) () S) S e ) (e 83U Jaiis (o)




Thermometers and the Celsius

Temperature Scale
Qj)f\.u 6\/).! u.»‘u.w.og Qj)fh-” u.l)r}o
Thermometers are devices used to measure the |
temperature of a system.

30°C

Physical properties that change with temperature
change are:

A common thermometer in everyday use consists of a mass of liquid (usually mercury or alcohol)
that expands into a glass capillary tube when heated. (

lad) 3 o dx p Lulisd pascind 8>l o 8 ) ol Cslge
Lo 8 pdl iz p pid e i (Al Al el eiladl

o Bale) dlilu AliS (po (gogtd) plasin¥) (b L) Jiege i) (yeSi
) ez aic (5 ms b gl b i (s 91\ Ny



Thermometers and the Celsius
Temperature Scale

Celsius scale f i

The freezing point is taken as O 1,212 °F —1,100 °C Boiling point
degrees Celsius and the boiling point 180 100

as 100 degrees Celsius. The Celsius scale - Fahrenheit » Celsius

is widely known as the centigrade scale degrees degrees

because it is divided into 100 degrees.

32 °F

0 °C

Freezing point

Fahrenheit scale

On the Fahrenheit scale, the freezing point of 9
water is 32 degrees Fahrenheit (°F) and the TF — ETC + 32OF
boiling point is 212 °F (at standard atmospheric
pressure). This puts the boiling and freezing
points of water exactly 180 degrees apart. et

(L

212 (g llad) alaiig (ulgs g8 4> p) culgi b sl Lo Ly pne Celsius ulie .dugie i 5



Thermometers and the Celsius

Temperature Scale il ol
. Ol Sl ) Olje 3]
Clvin stals The volume of gas in the flask is P Trial 1 (‘37" (_é.l}‘ (_Q.Jl.o.” ).I_.\‘.X_l-”

It is a gas thermometer. The physical

kept constant by raising or 9.6 )L?(.” ‘5& Lé_é d_}\l . ‘

change exploited in this device is the lmﬁns]rﬂelryvirfm ke;p the ’ .
variation of pressure of a fixed o e T cull axd baaa) M|

constant.

volume of gas with temperature.

. Trial 2 .0)?_” 3})3 X Jw‘ o
The pressure is zero when the bl / o Co | . -
temperature is - 273 °C 2 1A Trial § 095‘-‘ Loaic jiw g0 Lxdll
://' —”/'/ &_?)3273'8)\?_” >

Mercury 27315 200 -1000 0 100 200 T(°C)

reservoir d.})l uﬁ OC 273.1 5 -

- 273.15 °C is Absolute
temperature = Absolute zero 0 K

0°C is water freezing = 273 K . aallhs = dallas 3 ) o~
Bath or
environment g — -_— K O ).9_\0‘
100 °C is water freezing = 373 K o be measured  leIbIe TC TK 273 _ )
- Cl.o.” Ao 6B C O O

E— 1o
AN) Aoy ¢ 0C 100

K373 =



Thermometers and the Celsius
Temperature Scale

Kellen and Fahrenheit temperature . ,
scales relationship: 212°F 100°C Ws?“ Water boils
s jEit—f—Fahrenheit s Kellen Fahrenheit Celsius 28
* /9. M degrees degrees iKeMns
T(K) - (T(GF) T 45967) X 319 32°F 0°c 273K Water freezes
The change in the temperature between
the Celsius and Kellen and Fahrenheit
temperature scales:
-273°C 0K Absolute zero
- ®
AT, = AT=3AT}
Fahrenheit Celsius Kelvin

Lol gd Kellen 5 dgte dysio iz p Gunlie G 8 ) pdl iz o (8 st



Thermometers and the Celsius
Temperature Scale

Exampl1: If you are asked to make a very sensitive glass thermometer, which of the
following working liquids would you choose?

(a) Mercury (b) alcohol (c) gasoline (d) glycerine
¢l LI dlelad) Blged) o sl ¢ 13> ol 238 Ol Joe i lli 13) 11 Jis
SIPTEYIN & Sl (z) Js=S31 () 351 (1)

Example2: On a day when the temperature reaches 50 °F, what is the temperature in
degrees Celsius and in kelvins?

bl 8 ) ) iz oo Lo v g s iz 50 () 8 )l i s S i) il (812 Ui
CoelSd) g & gial]
Example3: A pan of water is heated from 25°C to 80°C. What is the change in its
temperature on the Kelvin scale and Fahrenheit sc:ale?;;_?)3 25 (1o cladl cleg e s :3 i

Coulps 9 (wlieg IS ubie e aijl - a3 p (B yuzdl) 9o Lo Liughe d> » 80 () dghe



Thermal Expansion of Solids and Liquids
Klgdlg il algald (5 ) pd) 2aail]
Thermal expansion is a consequence of the change in the average separation between
the atoms in an object, 5I< b ol A O e bgio (66 uail) dmais ga (s ) ) aaadl)

Suppose an object has an initial length L; along some direction at some temperature and the
length changes by an amount AL for a change in temperature AT.

o ot Li gl Jobo o edl O 58 AL = o AT
ey Jolall juaiyg diane 3 ) - dr p aic ol

AT &) ol i p (s juas o) e AL
L,— L,=aL(T,— T)

O . the average coefficient of linear expansion. It has unit of (°C)*

1- (0C)Cpo 8amg loa) Sl mad) Jolre Lagio o4
where L;is the final length, 7; and 7r are the initial and final temperatures

. ¢ . . . . . . 3




Thermal Expansion of Solids and Liquids

Because the linear dimensions of an object change with temperature, it follows that surface area and
volume change as well.

ool o) dxlus i Lol iy U3 0« 3 ) pd) dr g s Lo eend dndasd] sl Y Vs

The change in area is proportional to the |n|t|al area Aiand to the change in temperature according to
the relationshipigYald 158y & J gl dx p (g6 uaills Al 4g¥) dilaiad) zo d>luall (g yuidd) anlisy
AA= y A AT

Y . the average coefficient of area expansion. It has unit of (°C)* ]’f = 2«

cldl X Jo.l&o L...u}i.o:EA . B -

A= A=2a AT = ) T oSs . algdd) axlaall g VE s

where Vis the final area , 7 and Tr are the initial and final temperatures ailedls “‘Jﬂ, °))>J‘ <l p 2 L



Thermal Expansion of Solids and Liquids

The change in volume is proportional to the initial area A and to the change in temperature according

to the relationship” a5 5 J ol ar o b yuiilly Al ad¥) > luad] ze o)) (b puictl) it

DAY
AV = BV. AT rasdal)
B . the average coefficient of volume expansion. It has unit of (°C)! B = Y

1- (OC)Q—G 8a>xg l@.ﬂ (\.><.zn Lbsgs Jalsu Lm}u CLx
AV = (3)V; AT

Vf_ V= BQ-Vi(Tf_ 1;)

where Vis the final volume, T:and Tr are the initial and final temperatures




Thermal Expansion of Solids and Liquids

Example 4: A length of lead piping is 50.0 m long at a temperature of 16°C. When hot water flows
through it the temperature of the pipe rises to 80°C. Determine the length of the hot pipe if the
coefficient of linear expansion of lead is [ « = 29 x 106 (°K)]

Example 5: Arod of metal is measured at 285 K andis 3.521 m long. At 373 Kthe rod is 3.523 m
long. Determine the value of the coefficient of linear expansion for the metal.

Example 6: A silver plate has an area of 0.8 m2 at 15°C. Determine the increase in the area of the
plate when the temperature is raised to 100°C. Assume the coefficient of linear expansion of silver

to be 19x106K 1.

Example7: At 283 K a thermometer contains 0.44 m3 of alcohol. Determine the temperature at
which the volume is 0.48 m3 assuming that the coefficient of cubic expansion of the alcohol is 12 x

1074 K™

o a1 L) olial) (38215 Leaic Wdughe &> 0 165 ) &> p aic 4ie 50.0 Lolo ) jrulse Jobo aly 14 Lo
Sobd) aaatt] Jolre 08 13) L) g ok 3> L gie & 80 () ol 3 ) i p 2is 5 W3 U

[ =29 % 10-6 (OK) -1] g0 _olo U

Jie 3.523 il Jobo aly « K373 (45 . 5is 3.521 gb alug K 285 4 Caradl (pe i Guliy 15 Jlie
iz p i i leaie d>gll) il (48 8L ) 22> dughe &> p 15 aic 2 2 0.8 {iwsl) i) d>le 215 16 Sl
K-16-10 x 19 oS dasll (Jolal) saaid) Jolre p i8] .&gie i 0 100 (J) 5 ) o]

L@A.?& u95\_' L;.L” 8)9&” d> p 2a> d9.>5\.5‘ o 3 ¢ 0.44 _lc CalS 283 aic o))z” Uu.o S 5o ./ JL\A
1-24-10 %12 g0 JooSL canSa) aaaidll Jolro o)) pljisl (sl 3 ¢ 0.48



