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1.1 Physics and M easur ements
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1.2 Physical Quantity
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1.3 Unit systems

Two systems of units are widely used in the world, the metric and the
British systems. The metric system measures the length in meters
whereas the British system makes use of the foot, inch, ..... The metric
system is the most widely used. Therefore the metric system will be
used in this book.

By international agreement the metric system was formalized in 1971
into the International System of Units (Sl). There are seven basic
units in the SI as shown in table 1.3. “For this book only three units
are used, the meter, kilogram, and second”.

Quantity Name Symboal

Length meter m

Mass kilogram kg

Time second S
Temperature kelvin K
Electric current ampere A
Number of particles | mole mol
Luminousintensity | candela cd

M ass

The Sl unit of mass is the Kilogram, which is defined as the mass of a
specific platinum-iridium alloy cylinder.

Time

The Sl unit of time is the Second, which is the time required for a
cesium-133 atom to undergo 9192631770 vibrations.

L ength

The SI unit of length is Meter, which is the distance traveled by light is
vacuum during atime of 1/2999792458 second.

1.3.1 Unitsof Length
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1 kilometer (km)
1 decimeter (dm)
1 centimeter (cm)

1 millimeter (mm)
1 micrometer  (mm)
1 nanometer (nm)

1 angstrom (A)

1 picometer (pm)
1 femtometer (fm)

=10°m
=10"m
=10”m
=10°m
=10°m
=10°m
=10"m
=10"°m
=10"°m

1.3.2 Power of ten prefixes
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number prefix Abbreviation
10% exa E
10" peta P
10" tera T
10° gige G
10° mega- M
10° kilo- K
10 centi- C
10° milli- M
10° micro- m
10° nano- N
10™ pico- P
10" femto- F
108 atto- A

1.4 Derived quantities

el Jsaad g

All physical quantities measured by physicists can be expressed in
terms of the three basic unit of length, mass, and time. For example,



speed is simply length divided by time, and the force is actually mass
multiplied by length divided by time squared.

[Speed] =L/T =LT*

[Force] = ML/T?=MLT?

where [Speed] is meant to indicate the unit of speed, and M, L, and T
represents mass, length, and time units.

1.5 Dimensional Analysis

The word dimension in physics indicates the physical nature of the
guantity. For example the distance has a dimension of length, and the
speed has a dimension of length/time.

The dimensional analysis is used to check the formula, since the
dimension of the left hand side and the right hand side of the formula
must be the same.
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Example 1.1

Using the dimensional analysis check that this equation x = % at® is
correct, where x is the distance, a is the acceleration and t is the time.

Solution
X =Y at?
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This equation is correct because the dimension of the left and right side
of the equation have the same dimensions.

Example 1.2

Show that the expression v = v, + at is dimensionally correct, where v
and v, are the velocities and a is the acceleration, and t is the time

Solution
Theright hand side
L
[V] = T
The left hand side
[af] = T_Lz T :%

Therefore, the expression is dimensionally correct.

Example 1.3

Suppose that the acceleration of a particle moving in circle of radius r
with uniform velocity v is proportiona to the r" and V". Use the
dimensional analysis to determine the power n and m.

Solution
Let usassume a is represented in this expression
a=kr""
Where k is the proportionality constant of dimensionless unit.
The right hand side

_ L
[a]—F



The left hand side

.M Ln+m
kr )= &0 =
eTg TO
therefore
L_ Ln+m
TZ Tm
hence
n+m=1 and m=2

Therefore. n =-1 and the acceleration a is

a=krtv
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m 2 meter e Length Jshll
kg aaS kilogram e sS Mass Al
S & second Al Time 5zl
A i ampere el Electric current b el
K 4 kelvin CAK Thermodynamic EIBTNIEEGN
temperature
mol Jse mole Jse Amount of Balall a8
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Symbol [ e Sl unit Bas gl Quantity 43l
m?2 2 square meter B e Area Al
m?3 3 cubic meter =2Sa i Mass PERN|
Kg/m3 | 3s/axS | Kilogram/cubic | il /ol 2l | Mass density ZEN
meter =Sl
m/s &a meter/second A/ ia Velocity [ 4deall de
rad/s B rad/second Al Angular velo. A 3l el
m/s? 28 | Meter/second? 23,3/ jia Acceleration Alaall
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Symbol | e Sl unit Bas gl) Quantity 43asl)
Hz Y hertz A Frequency 2 il
N O newton gl Force, Weight Gl sl
Pa L pascal Jeal Pressure Stress AgaY) bariall
J z joule ds Energy, AUl
Work, ,Jadd)
Heat 3l all 4
wW s watt Gl Force, 3_dl)
C B coulomb aslsS Electric charge Al eIl Aaal)
\Y s volt <l 8 Electric potential, Pk ERVANIIRPEN|
Elect. pot. difference, el 38
electromotive force 4adlall 3 5all
F A farad a8 Capacitance Al oS dadl
Q asl ohm asl Electrical resistance Al e e sladll
Wb o weber b Magnetic flux (mulalinal) (gail)
T & tesla P Magnetic flux density G8il) A3l
rukalizall
H A henry B Inductance Gl
Im ol lumen st Luminous flux sl Gl
Ix <l lux sl Luminous emittance selal) 505

(N'm) » &= (Torque) ¢ >l
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1V=1AQ=1W/A=1kg m?As3 volt dad)al) 5 41
af1=K1 plsS | Al pglidiadl)
1C=1As coulomb
=/ =S ] =2y s =i = 41 AU | Al g dadd)
??5 2?/23 441
1F=1AsV=1Ws/V?°=1C/V=1s/Q= farad
1 s* A?/m? kg
23¢y2 a1 = /i 1 = a5l | ool | Auilygsiida glial)
1Q=1V/A=1kgm?s® A? ohm
12 faps1=2a =G ] =i ] uh | panaliial) (3831
1Wb=1Vs=1Tm?=1kgm?sZA weber
28 aas 1 =20/ | =20/ =@ | s Gdail) 4aUis
(haliiall
1T=1Wb/m?=1V s/m?=1kg/A s? tesla i
5 28/aas a1 =Gagl =Gl =] =2 G % ial)
1H=1Wb/A=1s%F=1Qs=1m?kg/s? A2 henry
s 1=al1 Oas) (sl (3ol
llm=1cdsr lumen
2o/ B8] =25/ ] = S ] R delay Bad

1I1x=1Im/m? =1 cd sr/m?

lux




Sl unit prefixes (Jgd alBil) lidk :(4) Jo

el L) al Jalall Lagdll
Sl [ el [ dsal [ sl
T = tera B (103)* = 102 =1 000 000 000 000 Ol i
G e giga [ENEN (103)3 =10° = 1 000 000 000 bl
M =~ | mega | L (10%)2 = 108 = 1 000 000 Osile
K < kilo | < (10%) =10° = 1 000 all
h A hecto | sSa 102 =100 Al
da la deca S 10 8 e
1 g
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Symbol [ e Sl unit Baa gl Quantity Azl
min 3 minute Add. Time O N
h [ hour delu
@) @) degree A )2 Angle 4 sl 4551 511
’ ’ minute Aad.
" " second Al
L, | J liter A Volume axall
t Ob tonne S Gk Mass )
rev/min /4l revimin | 438y3 ) Angular velocity 4 ) )l eyl
bar B bar B Pressure Lzl
*atm S atm S

* 1 atm pressure = 1.01325 bar = 1.01325 x 10° Pa = 1.01325 x 10° N/m
*1Pa=1N/m? =107 bar =10.197x107® at =9.8692x107° atm

Lealaiiuls ey Y dnalladl Cilas gl e adding cilas

rev/imin aladivl sa Jadls rpm Al 3N Ae yull

cm3 ahaiul s dadlgce aaall

Aaiadie OYlaar Cilas g

L/100 km :(Fuel consumption) 28 sl Slgiul

kg/kW h :(Specific fuel consumption) 258511 e il Mgy
J/kg K :(Specific heat capacity) 4 sill 5 ) 2l
N/m3:(Specific weight) = s ¢l



tel:000%20000%20000
tel:000%20000%20001

1.6 Vector and Scalar
SV S| PP L [ POV JOVY CF SR [ TN, [ ¥ FE T IR IV P EVRN
laaoat oy Soy Al 4ag vector  Agatiall 4l A58 o scalar Al
aan o ) zlias dgadiall L) W 5KQ aus AES o JsE of i cdah s iy
Le 10KMVh Ul de e Jie clajloie ) 28l Lealad]
Agaiall LSl Al LaS) iy Al A Jsand b

Vector Quantity | Scalar Quantity
Displacement Length

Velocity Mass

Force Speed
Acceleration Power

Field Energy
Momentum Work

1.7 Coor dinate system
(LS i of LU (S g 10 8 Lo s s a1 Aleal) Lilin 3 rlias
Al 5 «Coordinates cildila aYl o jay Loy (et Lild avall 138 a8 g0 daail g
Rectangular L s QLS 13 a8 Leaadind o ) GllaaY) (e gle 58
.polar coordinates s coordinates

1.7.1 Therectangular coordinates

The rectangular coordinate system in
two dimensions is shown in Figure 1.1.
This coordinate system is consist of a
fixed reference point (0,0) which called
the origin. A set of axis with
appropriate scale and label.

y (m)
A

A
4

09 |

Figurel.1

x (m)



1.7.2 The polar coordinates

Sometimes it is more convenient to use yﬂ(m)
the polar coordinate system (r,q),
where r is the distance from the origin (x)
to the point of rectangular coordinate r

(x,y), and g is the angle between r and
the x axis.

9 > X (m)

A

v

1.7.3 Therelation between coordinates Figure 12
The relation between the rectangular
coordinates (x,y) and the polar coordinates
(r,q) isshown in Figure 1.3, where,

X=Tcosq (1.1 r y
And

. g x

y=rsng (1.2
Squaring and adding equations (1.1) Figure 1.3
and (1.2) we get

r=yx*+y’ (L3)
Dividing equation (1.1) and (1.2) we get

tan g= X (1.4

y
; Example 1.4 y
The polar coordinates of a point are r = f\\
5.5m and g =240°. What are the Cartesian 8 x
coordinates of this point? }/‘
¥
P

Figure 1.4




X\A Solution

X =T cosq=5.5%c0s240° =-2.75m
y=rsinq=5.5xsn 240° = -4.76 m

1.8 Propertiesof Vectors

1.8.1 Vector addition

Only vectors representing the same
physical quaptities can be radded. To
add vector A to vector B as sh?wn A
in Figure 1.5, the resultant vector R is

r r r
R=A+B (15)

Figure 1.5

Notice that the vector addition obeys the commutative law, i.e.

r r r r
A+B=B+A (1.6)

>=
0o

W=

Figure 1.6

Notice that the vector addition obeys the associative law, i.e.

r r r r r r
A+(B+C)=(A+B)+C (1.7)

W=



Figure 1.7

1.8.2 Vector subtractiop r

The vector subtraction A- B isevaluated as the vector subtractioni.e.

r r r r
A- B= A+(- B) (18)

>=
W=

Figure 1.8

r r
where the vector - B isthe negative vector of B

r r
B+(-B)=0 (1.9)

1.9 The unit vector

A unit vector is a vector having a magnitude of
unity and its used to describe a direction in space.

r A
A gl 4aie 0 pa A dnid)) ot aliia (S A 4aid)

Lil<
: s 7
A=aA (1.10)

Figure 1.9




rectangular sa el syl sl adl (i, j, K) sas s clgatia Jia oSy Sl
- u Jla) 8 LS (X, Y, 2) coordinate system

i © aunit vector along the x-axis
J © aunit vector along the y-axis
k © aunit vector along the z-axis

Figure 1.10

1.10 Components of a vector

r
Any vector A lying in xy plane can be resolved into two components
one in the x-direction and the other in the y-direction as shown in
Figure 1.11

y
A=A coxyq (1.11) A
y
A=A sing (1.12) q R «
A
Figure1.11

ol A lly 43S e ) Astie JS il D) Ui Lild cilgaia Bae pe Jalal e
sy ) Al a5 e Yo Alandd dad Jews Lea (X)Y) S5sY) slae
Alasd

r
The magnitude of the vector A

A= JAZ+ A2 (1.13)



The direction of the vector to the x-axis

q:um%%- (1.14)

A vector A lying in the xy plane, having rectangular components Ay
and A, can be expressed in a unit vector notation

r
A =Ad +A)j (1.15)

J_AM«FUJL;?\M\UJMM

S LS B 5 A Giaie g B leaid) i
ZQ\I\]\JSIJJ\
r - -
A=Al+A)]
r
B=B,i+B,]

r r r
R=A+B=(A +B)i+(A +B))]j

; Example 1.5

r r
Find the gum of two vectors A and B given bly
A=3i +4j and B=2i- 5]

"o y
Solution

Note that A.=3, Aj=4, B,=2, and B,=-5
r r r
R:A+B:(3+22i +(4-5)j=5-j

The magnitude of vector R is

R=(R*+R?=y25+1=426=51 v

Figure1.12

A\ 4

Figure1.13




r
The direction of R with respect to x-axisis

; Example 1.6

The polar coordinates of a point are r=5.5m and q=240°. What are the
rectangular coordinates of this point?

; Solution

X=r cosq =5.5xcos240=-2.75m

y=r snqg=55x%x39n240=-4.76 m

; Example 1.7

r
Vector 'rA‘ is 3 units in length and points aong the positive x axis.

Vector B is4 unitsin length and points along the negative y axis. Use
grrappical mefthopls to find the magnitude and direction of the vector (a)

A+B, (b) A-B

; Solution

>=

>=
+
W=

Figure1.14



r r r r
‘A+ B=5 ‘A- B[=5
q=-53° q=53

; Example 1.8

r r

Two vectorsaregivenby A=3i- 2] and B=-1i- 4. Caculate (a)
rr rr rr rr

A+B, (b) A-B, () ‘A+ B, (d) ‘A- B, and (¢) the direction of

r r r r
A+B and ‘A- B|.

; Solution

r r

(@ A+B = (3i- 2))+(-i- 4]) =2 - 6]
r r

(b) A-B = (3i- 2j)- (-i- 4)) =4 +2]
r r

©) ‘A+B|: 2% +(-6)2 = 6.32
r r

(0) |A- B|=V4*+2* =447

, g =tan(-6/2) = -71.6° = 288°

r
(e) For A+
r
A-B,g=tan’(2/4) = 26.6°

r
B

r

For B

; Example 1.9

A vector A has a negative x component 3 unitsin length and positive y
component 2 units in length. (a) Determine an expression for A in
unit vector notation. (b) Determine the magnitude and direction of A.

(c) What vector B when added to A gives a resultant vector with no x
component and negative y component 4 unitsin length?




y
; Solution

Ac=-3units& A, = 2 units

(@ A = Aj+Aj=-3i+2] units

(b) ‘/5{ = JAZ+A? = /(-3 +(2) =361 units

q=tan(2/-3) = 33.7° (relative to the —x axis)

r r r r rr

(©) Ri=0& Ry =-4;, since R=A+B, B=R- A
B, = R — A = 0-(-3) = 3
B,=R —A/=-42=-6

Therefore,
r
B=B,i+B,j=(3-6j) units

; Example 1.10

A particle moves from a point in the xy plane having rectangular
coordinates (-3,-5)m to a point with coordinates (-1,8)m. (@) Write
vector expressions for the position vectors in unit vector form for these
two points. (b) What is the displacement vector?

; Solution

@ R=xi+yj=(3-5)m
R, = %0 +y,] = (-1 +8))m

r r r

(b) Displacement = DR=R, - R,

Dé:(xz' X+ (Y, - Yi)j =-i-(-3)+8] - (-5]) = (2 +13))m




1.11 Product of a vector

There are two kinds of vector product
the first one is called scalar product or
dot product because the result of the B
product is a scalar quantity. The second
is called vector product or cross product

because the result is a vector g >
perpendicular to the plane of the two A
vectors.

Figure 1.15

Aeia B3 (ALY ol (i gl Bl oyl e Sy

1.11.1 The scalar product
dain oS5 dot product sl oyl scalar product ol oyl G e
Al S 1Y A a ge Al 020 S5 Al ApaS Gagatial (bl ol
A0 Y Al s sl (<55 Aa 0 90 5 0 o el G b sasal)
190 Ay g 30 calS 13 1 jia (s sty Ay 180 590 (e cpeaial (5 semnal
,&é: +vewhen 03 q >90°
,&é: -ve when 90° <q £180°

rr
AB=zerowhenq =0
r rr
e A ST aaid) e o duclay A B Gl el ol
Lagin b geanall 49l 30 Dl cua A B S0 asial)

rr
AB =|A|B|cosq (1.16)

ol LS e JS IS o ol (enial il el Ao sla (Say

r
A= Ai+Aj+AK (1.17)
r
B=B,i+B,j+Bk (1.18)

The scalar product is




rr
AB=(Ai+Aj+AKk).(Bi+B,j+Bk) (119
L i B ania) S e b Al S e i
rr
AB=(AiBi+AjiB,j+AiBk
+AjBi+A B j+A Bk (1.20)
+AkB,i + AkB,j+ AK.B,Kk)
Therefore
rr
\ AB=AB,+AB, +AB, (1.21)
The angle between the two vectorsis

rr
AB AB,+AB +AB,

AT AB

; Example 1.11

Find the angle between the two vectors

(1.22)

r r
A=2i+3j+4k, B=i-2j+3k

v Solution
AB,+AB, +AB,

cosq =
A8
AB,+AB, +AB,=(2)(1)+(3)(-2)+(4)(3)=8
[N =+y2°+3"+4% =29
B=\1" +(-27 +3 =414

18
CO =
NCT N

0.397 b q = 66.6°




1.11.2 The vector product

@ pall dags K55 cross product — vector product alaiy) ol ey
US e sopue aalaily C2 A B anial 1ia fad dgaie ek pgaial alad
— LS é aid J 'g\ aniall (e day ) osa ol Ay é s 'g\ Ceadall (e

: g
Figure1.16

r r

A" B= ABsinq (1.23)

r r

A B=(Ai+Aj+Ak) (Bi+B,j+Bk) (1.24)

To evaluate this product we use the fact that the angle between the
unit vectorsi, j , kis 90°.

r r

A B=(AB,- AB,)i+(AB,- AB)j+(AB,- AB K  (1.25)

r rr r
If C=A" B, the components of C are given by
C,=AB,- AB,
Cy :Asz_ A(Bz

C,=AB,- AB,




; Example 1.12

r rr r r _ r
If C=A" B,where A=3i- 4j,and B=-2i +3k,whatis C?

; Solution

C=A" B=(3i- 4j) (-2i+3K)

which, by distributive law, becomes
r
C=-3"2)+@ 3K)+(4j 2)- (4] 3k)

Using equation (123) to evaluate each term in the equation above we
get

r

C=0-9j-8k-12i=-12i- 9j- 8k

r r r
The vector C is perpendicular to both vectors A and B.




1.12 Problems

[1] Show that the expression
x=wvt+1/2at’* is dimensionally
correct, where x is a coordinate
and has units of length, v is
velocity, a is acceleration, and t
istime.

[2] Which of the equations
below ae  dimensionaly
correct?

(& v=yvtat

(b) y=(2m)cos(kx),
wherek =2 m™.

[3] Show that the equation V* =
Voo + 2at is dimensionaly
correct, where v and Vv,
represent velocities, a is

acceleration and x is a distance.

[4] The period T of smple
pendulum is measured in time
units and given by

T:2p\/I
g

where | is the length of the
penduum and g is the
acceleration due to gravity.
Show that the equation is
dimensionally correct.

[9] Suppose  that  the
displacement of a particle is
related to time according to the
expression s = ct’. What are
the dimensions of the constant
c?

[6] Two points in the xy plane
have Cartesian coordinates (2, -
4) and (-3, 3), where the units
are in m. Determine (@) the
distance between these points
and (b) their polar coordinates.

[7] The polar coordinates of a
point are r = 55m and q =
240°. What are the cartisian
coordinates of this point?

[8] A point in the xy plane has
cartesan coordinates (-3.00,
5.000 m. What are the polar
coordinates of this point?

[9] Two points in a plane have
polar coordinates (2.5m, 30°)
and (3.8, 120°). Determine (a)
the cartisan coordinates of
these points and (b) the
distance between them.

[10] A point is located in polar
coordinate system by the
coordinates r = 2.5m and q
=35°.  Find the x and y
coordinates of this point,
assuming the two coordinate
system have the same origin.

[11] Vector A is 3.00 units in
length and points along the




positive x axis. Vector B is
4.00 units in length and points
along the negative y axis. Use
graphical methods to find the
magnitude and dlrectlon of the
r r
vectors (a) A+ B, (b) A-B.

[12] A vector has x component
of -25 units and a'y component
of 40 units. Find the magnitude
and direction of this vector.

[13] Find the magnitude and
direction of the resultant of
three displacements having
components (3,2) m, (-5, 3) m
and (6, 1) m.

[14] Two vector are given by A
= 6 4 and B = -2|+5|J
CraICtrJIate @ Ar+l? (b) A-B,
|a+B], (d) |A B, (e) the
direction of A+8 and A-B.

[15] Obtain expressions for the
position vectors with polar
coordinates (a) 12.8m, 150
(b) 3.3cm, 607 (c) 22cm, 215°.

[16] Find the x and
components of the vector A
and & shown in Figure 1.17.
Derive an expron for the
resultant vector A+B in unit
vector notation.

r
B A
3m

3m
| 30° X

Figure 1.17

[17] A vector A has a
magnitude of 35 units and
makes an angle of 37° with the
positiverx axis. Describe (@) a
vector B that isin the direction
opposter A and is one fifth the
size of A, and (b) a vector ¢
that when added to A will
produce a vector twice as long
as A pointing in the negative y
direction.

[18] Find the magnitude and
direction of a displacement
vector having x and vy
components of -5m and 3m,
respectively.

[19] Three vectors are given by
A=6i, B =9j, and = =(-3i+4)).
(@ Find the magnitude and
direction of the resultant
vector. (b) What vector must
be added to these three to make
the resultant vector zero?

[20] A particle moves from a
point in the xy plane having
Cartesian coordinates (-3.00, -
5000 m to a point with
coordinates (-1.00, 8.00) m. (a)
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Bx=Bcos110=-1.7
By =Bsin 110 =4.7
1Al da
Bx=-Bsin20=-1.7
By =B cos 20 =4.7
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g il
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X

R=A+B+C=(A+Bx+C)i+(A+By+C)j+(A+B,+C)k | (2-14)
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