=¥ ntroduction:

The goal of physics is to provide an understanding of the physical world by
developing theories based on EXPERIMENTS.

A physical theory, usually expressed mathematically, describes how a given
physical system works.

The theory makes certain predictions about the physical system which can then
be checked (+ G3=1ll) by observations and experiments.

If the predictions turn out to (%I ) correspond closely to what is actually
observed, then, the theory stands (4«2 23), although it remains provisional (43 3).
No theory to date has given a complete description of all physical phenomena,
even within a given sub-discipline (.= _% Js) of physics.

The basic laws of physics involve such physical quantities as force, velocity,
volume, and acceleration, all of which can be described in terms of more
fundamental quantities.

In mechanics, it is conventional to use the quantities of length (L), mass (M),
and time (T); all other physical quantities can be constructed from these three.
Physics is also known as the science of measurement.

Kelvin in his own words: When you can measure what you are speaking about,
and express it in numbers, you know something about it, when you cannot express
it in numbers, your knowledge is of a meager (J:s=) and unsatisfactory kind; it
may be the beginning of knowledge, but you have scarcely (3<\), in your
thoughts advanced to the stage of science.

Physical Quantity:

We must first know a measurement method to define a physical quantity, or a
method for mathematically calculating it from other quantities. For example,
distance and time can be defined by describing the method in which we can
measure both of them, and thus the velocity of a moving object can be defined by
calculating the result of division of distance over time; (v=I/t).

Distance and Time FUNDAMENTAL quantity whereas velocity DERIVED
quantity.

This method of definition is called an Operational Definition.

To communicate the result of a measurement of a certain physical quantity, a unit
for quantity must be defined.
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== nit Systems

e Two systems of units are widely used in the world: the metric system

(International System of Units (SI)), used widely in Europe and most of the rest of
the world, and the Imperial or British system, a form of which is now mainly
used in the USA.

Units .
British system Si =Hnosl MBI
foot (ft) Meter Distance
Pound (Ib) Kilogram kg Mass
Second Second S
Gallon (gal) | Litre/liter I Volume
Pound-force Ibf | Newton N Weight/Force
Fahrenheit °F Kelvin K Temperature
ampere A Electric current
mole mol | Number of particles
candela cd Luminous intensity

Mass:

The SI unit of mass, the kilogram, is defined as the mass of a specific platinum-
iridium alloy cylinder kept at the International Bureau of Weights and Measures
at France.

Length:

The SI unit of length is measured by Meter, the meter was redefined as the
distance traveled by light in vacuum during a time interval of 1/299 792 458
second

Time:

The SI unit of time is the Second, which is the time required for a cesium-133
atom to undergo 9 192 631 770 vibrations (the period of oscillation).
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Prefixes for Powers of Ten

Tabhle— Some Prefixes for
Powers of Ten Used with
“Metric” (SI and cgs) Units

Power

]0—]8
]0—]5
1012
107°
1075
1072
102
101
10!
10°
105
10°
]012
]015
]018

Derived quantities

Prefix

atto-
femto-
pico-
nano-
micro-
milli-
centi-
deci-
deka-
kilo-
mega-
giga-
tera-
peta-
exa-

All physical quantities measured by physicists can be expressed in terms of the three
basic unit of length, mass, and time. Speed is simply length divided by time, and the

Abbreviation

FREAHQE=Fan EE ST -

Units Driven of Length Smallest to
Largest

kilometer
decimeter
centimeter
millimeter
micrometer
nanometer
angstrom
picomete
femtometer

(km) =10'm
(dm)  =10"m
(m) =10"m
(m) =10"m
(im)  =10°m
(m) =10"m
A =10"m
(pm)  =10"m
(fn)  =10"m

force is actually mass multiplied by length divided by time squared or (F=m I/sz).

[Speed] = L/T = L-T*
[Force] = M-L/T?= M-LT?

Where [Speed] is meant to indicate the unit of speed, and M, L, and T represents mass,
length, and time units.
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e Dimensional Analysis:

e In physics the word dimension denotes the physical nature of a
quantity.

e For example, the distance between two points can be measured in feet,
or meters, which are different ways of expressing the dimension of
length.

e One way to analyze such expressions, called dimensional analysis,
makes use of the fact that dimensions can be treated as algebraic
quantities.

e Adding masses to lengths, for example, makes no sense, so it follows
that quantities can be added or subtracted only if they have the same
dimensions.

e The procedure can be illustrated by using it to develop some
relationships between acceleration, velocity, time, and distance.

e Distance x has the dimension of length: [x] = L. Time t has dimension
[t] =T. Velocity v has the dimensions length over time: [v] = L/T, and
acceleration the dimensions length divided by time squared: [a] = L/T*.

e Notice that velocity and acceleration have similar dimensions, except
for an extra dimension of time in the denominator of acceleration. It
follows that

o] = == = =T = [a][1

T T
From this it might be guessed that velocity equals acceleration multiplied
by time, v =at, and that is true for the special case of motion with constant
acceleration starting at rest.
Noticing that velocity has dimensions of length divided by time and
distance has dimensions of length, it’s reasonable to guess that

T L

[}=L=Lg==T= [0 = [a]l
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the Mistakes of Derived Quantities or laws.
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:
— 1 a2 _1_ v 2 1 1 x
x—/zat-)[m]—zx;xt :EXUXt:EX?Xt:_X_:[m]

=~ left side=right side

Example 1.2
Determine the dimensions for the following equations.
Area= length x width, Density=mass/volume, Force=mass x acceleration
Solution:

Area = [m] x [m] Density=[kg]/[m][m][m] F=[kg] x [V]/[t]
= [m]? =[kg}/[m]* =[kg] x [xV/[t)[1]
=[kg] x [m]/[s]
=[N]
Example 1.3

Use the dimensional analysis to find the mistakes in the given equation that is
considered as surface area of cylinder: = 2x r*+ 2x r*xh

Solution:

Left side Surface Area = [m]?, r, radius
Right side= [m]*+ [m]* X [m] = [m]*+ [m] ®

The mistakes is = 2x r°Xh h, height

Exercise:

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

e Dimensional analysis that is used for finding the Units of Quantity ang e
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onversion of Units

\

e Sometimes it’s necessary to convert units from one system to another.
Conversion factors between the SI and BS for units of length are as follows:

1 mi=1609 m=1.609 km,
1 m=39.37in. = 3.281 ft,

1ft=0.304 8 m=230.48cm
1in.=0.0254m=2.54cm

Exercise. If a car is traveling at a speed of 28.0 m/s, is the driver exceeding the
speed limit of 55.0 mi/h?

5 CONVERSION FACTORS

Length

lm =30.37in. = 3.28] ft

lin. =254 cm {exact)

1 km = 0.62]1 mi

1 mi =5 280 ft = 1.609 km

1 lightyear (ly) = 9.461 X 101% m
1 angstrom (A =10""m

Mass

lkg = 1{]3g = G.85 % lO""’sIug
1 shug = 14.59 kg

1 u=166x 10 kg = 931.5 MeV/c*

Time
1 min = G0 s
l1h=3600s

1day = 24 h = 1.44 X 10* min = 8.64 ¥ 105
1 yr = 365.242 days = 3.1506 x 1075

Volume

1L =1000cm’ = 0.0353 fi?
1 fr* = 2,852 x 107° m*

1 gal = 3.786 L = 23] in.?

Angle

1807 = 7 rad

1 rad = 57.50°

1° = 60 min = 1.745 % 107 rad

Speed

1 km/h = 0.278 m/s = 0.621 mi/h

1m/s = 2237 mi/h = 3.281 fi/s

1 mi/h = 1.61 km/h = 0.447 m/s = 1.47 fi/s

Force

1N = 0.224 8 Ib = 10° dynes

llb = 4448 N

1dyne = 109 N = 2.248 % 10-51b

Work and energy

1] =107 erg = 0.738 ft- b = 0.239 cal
1 cal = 4.186

1fi-1b = 1.356]

1 Bru = 1.054 % 107 ] = 252 cal

1] =6.24 % 10" &v

16V = 1.602 x 10-19]

1 kWh = 5.60 X 105]

Pressure

1 atm = 1.013 x 10% N/m? {or Pa) = 14.70 Ib/in.2
1Pa=1N/m*= 145 % 107 Ib/in.®

11lb/in.2 = 6.805 x 107 N/m?

Power

1 hp = 550 fi-1b/s = 0.746 kW
1W=1]/5=0.738 ft-Ib/s

1 Bru/h = 0.293 W

Vector and Scalar quantities:

e Many familiar physical quantities can be specified completely by giving a single
number and the appropriate unit. For example, “a class period lasts 50 min” or
“the gas tank in my car holds 65 L™ or “the distance between two posts is 100 m.”

e A physical quantity that can be specified completely in this manner is called a
Scalar Quantity. Scalar is a synonym of “number.” Time, mass, distance,
length, volume, temperature, and energy are examples of scalar quantities.
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and a direction are called Vector Quantities. Examples of vector quantities
include displacement, velocity, position, force, and torque.

Coordinate Systems

e Many aspects of physics deal with locations in space, which require the
definition of a coordinate system.
e A pointon a line can be located with one coordinate.
e A pointin a plane with two coordinates.
e A point in space with three coordinates.
e A coordinate system used to specify locations in space consists of the
following:
o A fixed reference point O, called the origin
o A set of specified axes, or directions, with an appropriate scale and
labels on the axes
o Instructions on labeling a point in space relative to the origin and axes

One convenient and commonly used coordinate 103’_
system is the Cartesian Coordinate System o(x, y)
(rectangular coordinate system). Such a system in

two dimensions is illustrated in Fig. = An Q 5}

arbitrary point in this system is labeled with the (_3" 4) 185, 3)
coordinates (X, y). For example, the point P in the
figure has coordinates (5, 3). 0 g 1'0 X

Sometimes it’s more convenient to locate a point
in space by its Plane Polar Coordinates (r,©), as
in Fig =» the point is represented by r distance ,
between origin point,© angle between the
reference line and a line drawn from the origin to 0
the point. 0

(7 8)

Reference line

e Physical quantity specified completely by giving a number of units (magnitude) =
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The relation between coordinates

The relation between the rectangular
coordmates (x,y) and the polar coordmates

(7,6) 18 shown m Figure 1.3, where,

x=rcos b (1.1)
And

y=rsin 0 (1.2)

Squaring and adding equations (1.1)
and (1.2) we get

,r~=-\\,":,'h.'_2—I—_y3 (1.3)

Dividing equation (1.1) and (1.2) we get

tan 6= % (1.4)

Example 1.4

(a) The Cartesian coordinates of a point in the xy-plane
are (x, y) = (-3.50, -2.50), as shown in next Fig. Find the
polar coordinates of this point. (b) Convert (r, ©) = (5,
37°) to rectangular coordinates.

Solution:

(@)

r=x2+y2=/(=3.50)2 + (—=2.50)2 =4.30m, tanf =Z =

0 = tan~1(0.714) = 35.5° + 180° = 216°

(b) Polar to Cartesian conversion:

y (m)

N

2

(=3.50, —2.50)

—-2.50
-3.50

=0.714

x (m)

X=rcos©=(5m)cos37°=3.99m,y=rsin©=(5m)sin 37°=3.009 m = P (3.99,

3.01).
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e Vector denote by an arrow marked over the variable. Like yare

e The magnitude of vector is used |;>|, |§)|’ respectively.

e Commutative law: e + === + =

B
e Associative law: A+(B+C)=(A+B)+C

Vector Addition:

Only vectors representing the same
physical quantities can be added. To

add vector 4 to vector B as shown
m Fig |:> , the resultant vector R 1s

'y
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S

Vector Subtraction:

A-B=A+(-B)

v
v o)
o)

Note that: A+ (-A) =0
Unit Vector:

A unit vector is something that we use to have both magnitude and direction.

vector D= U
magnituden fthevector or

Unit vector = B

Example 1.5

There is avector T = 127 — 3] — 4K. cajculate the unit vector 7 . Express it in unit
vector component formats.
Solution:

Fl= VTP T2 =127+ (-3 + (42 =vIHFIFT6 =T =13

So,
%:?_'.“ _ [mz,y}zk}
7l iyt ra?
Ao 12i—3j—4k
:\.13 - -
p=d27 35 41

Components of a Vector
In a two-dimensional coordinate system, any vector can be broken into x-
component and y-component.


http://www.pdfxviewer.com/
http://www.pdfxviewer.com/

For example, in the figure shown below, the vector U is broken into two components, v, and vy,

Let the angle between the vector and its & - component be & .

¥ Vx

e

'y

o

L]

The trigonometric ratios give the relation between magnitude of the vector and the components of the vector.

— Yz
cosf = - |::>' vy =vecosh
. v — uai
sinf = -2 |::> vy = vsinf

Using the Pythagorean Theorem in the right triangle with lengths v, and v,

|v] = 4/v=" + vy

Here, the numbers shown are the magnitudes of the vectors.
Case 1: Given compaonents of a vectar, find the magnitude and direction of the vector.

Use the following formulas in this case.

Magnitude of the vector is |v| = 1;'1:,,3 +u,% .

N _ Yy P
To find direction of the vector, solve tand = z—-foré —— = @O=tan ( % )
Case 2: Given the magnitude and direction of a vectaor, find the components of the vector,
Use the following formulas in this case.

vy = vcosh

vy = vsiné

i The vector and its companents form a right angled triangle as shown below.
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A vector A lying m the xy plane, having rectangular components
and 4, can be expressed in a umt vector notation

Example 1.6

Find the sum of two vectors 4 and B given by

s

4=

—

i+4j and B=2i-35j

‘oD

Solution

Note that 4,3, 4,4, B=2. and B,=-5
R =E+_§=(3+2)r‘+(4—5)‘j =5i—j

The magnitude of vector R is ' QR- ¥
R=\R~+R =+25+1=+26 =5.1 \

4

Figure 1.13
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The direction of R with respect to x-axis 1s

R, —1
O=tan —YL=tan —=-11°

R

Example 1.6

The polar coordinates of a point are 7=5.5m and 6=240°. What are the
rectangular coordmates of this point?

Solution

x=rcosb =5.5 xcos240=-2.75m

y=rsinf = 5.5 x sin 240 =-4.76 m

Example 1.7

Vector 4 is 3 units in length and points along the positive x axis.
Vector B is 4 units in length and points along the negative v axis. Use
graphical methods to find the magnitude and direction of the vector (a)
A+B,(b) 4-B
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Solution

Figure 1.14

Example 1.8
Two vectors are given by 4 =3i—2j and B=—-i—4;. Calculate (a)

A+B, (b) A-B, (c) ‘24—8", (d) P—B", and (e) the direction of

A+B and 4-B.

;1’—55‘:5

34—5‘2 5
— _53° 6 = 53°
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Solution 3y 4+ B = (3i=2j)+(—=i—4/)=2i—6]

(b) A-B = Bi—2j)—(—i—4))=4i+2]

() |4+ B\ = 27 +(=6)* =6.32

(@) |4- B|= V4% + 2 =447

(e) For A+B,0=tan(-6/2) =-71.6° = 288°

For A-B,0=tan"(2/4)= 26.6°

Solution

A= -3 units & 4, = 2 units

(a) A = Aa+Ay=-31+2) units

A5+ 47 =(=3)* +(2)° =3.61 units

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

-

(¢) Ry=0& Ry =-4; since R=4+B, B=R-4
Example 1.9

A vector A4 has a negative x component 3 units in length and positive y
component 2 units in length. (a) Determine an expression for A4 in
unit vector notation. (b) Determine the magnitude and direction of A,
(¢) What vector B when added to A gives a resultant vector with no x
component and negative y component 4 units m length?
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Solution

(a) El =xi+y,j=(=3i—=5))m

R} =X,i+V,]=(—1+8))m

(b) Displacement = AR = }_éz - }_él

AR = (x, = x))i + (¥, = ¥,)j = =i = (=30) + 8 — (=5) = (2i +13 j)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
product is a scalar quantity. The second
1s called vector product or cross product
because the result 1s a vector
perpendicular to the plane of the two
vectors.

dgatia el ALY il e =g Auuld AeS _ulsl)l o junall e &

1.11.1 The scalar product

a5 g dot product il o uall scalar product  owbdll o pall e
Ayl S 1Y A ga Al o3 oS il daeS gl ) oyl
Ayl o S Al v daml) HeSiedn 50 90 50 G Cneatiall 3 seanall

90 ;930 S 13 | hen 5 gudis da 0 180 590 f Gueaiall (s sl

A.B=+ve when 0>6 >90°
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-ve when 90° <8 <£180°

A.B= zero when 8 =0
e g A JY) aniad ke e dualay 4B eaial i) gl G
agin 3 emnall gl ) At a3 B 2D 4l

1B =|4B

cos@ (1.16)

fl LS dantia JS S ja aladtiuly cpgatial gl gl dad sl S
A=di+Aj+Ak (1.17)
B=B,i+B,j+B.k (1.18)

The scalar product 1s

AB=(dji+A4,j+4.k).(Bi+B,j+B.k) (1.19)
r o i B oastall S e A asial S e

AB=(4,iBi+AiB,j+AiB.k
+A4,jBi+A4,jB,j+A4,]Bk (1.20)
+ Ak Bi+AkB,j+ AkBFk)

Therefore
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Therefore
..AB=A4B +A4B, +AB. (1.21)
The angle between the two vectors 1s

AB _AB . +4,B,+4B.
4B |5

cos@ =

(1.22)

Example 1.11

Find the angle between the two vectors

—_—

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

g AB+AB AR
Solution  “*Y = 4|B]

AB, + 4B, +AB.=(2)(1)+(3)(-2)+(4)(3)=8
A =y2%+37 +4* =29
Bl=41> +(=2)* +3* =14

cosB = LO.SSW = 6 =66.6°

29414
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1.11.2 The vector product

o uall das o & cross product — vector product AN o pall (o ey

J8 e sagee anladly C= Ax B 4xiall 13 4ad . Agatia S pgaial alany)

= LS B oaaiall ) A Aaidl e Ay oseelad A5 B g A e e
:qll_‘dl Jg)

Figure 1.16

Ax B = A4ABsin @ (1.23)

AxB=(4i+4,j+Ak)<(Bi+B, j+B.k) (1.24)
To evaluate this product we use the fact that the angle between the

unit vectors i, j , k& is 90°.

ixi=0 ixj=k ixk=—j
Jixj=0 Jxk=i Jxi=—k
kxk=0 kxi=j kx j=—i
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AxB=(4,B.-AB )i+(4B - 4B )j+(4B, - 4B Jt  (1.25)

" C = Ax B, the components of C are given by
C,=4,B -4B,
C,=4.B -43B,
C,=4B,-42B

Example 1.12
If C=Ax B, where A=3i—4;,and B=-2i+3k, whatis C?

Solution
C=AxB=03i—4j)x(=2i +3k)
which, by distributive law, becomes

C = —(3ix20)+(3ix3k)+ (4% 2i)— (4 x 3k)

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

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

The vector C is perpendicular to both vectors 4 and B .
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A—B, CA
We study the vector addition and subtraction. As for, the multiplication of vectors with
scalar CA.
Example:

A vector represented in orthogonal system as A=3i+ j + k. What would be the
resultant vector if A is multiplied by 5?

Solution:

As the vector is to be multiplied by a scalar, the resultant
5A =5@3i+j + k)
54 = (15i + 5j + 5k)

Now, we study Vector Multiplication:

o Dot product (A - B)
Vector multiplication is two type ~
Cross product (A X B)

Dot product

If we have two vectors:

N

A=aji+a,j+ask and B = b,i + b,j + bsk
The dot product of these vectors would be
A+ B = a,b; + a,b, + azb; = number (scalar quantity)
Example:
Find the dot product for the following vectors:
A=3i+2j+4k B =2i—3j+2k
Solution:

A-B=B*2)+(2+-3)+(4*2)=6—-6+8=8
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A

0 > Av

A
s N

B
P
e

For calculating angle between two vectors, simply we use previous
equation:

A-B= |/T||§|COSH

—_

‘B
|B|

Y

cos O = —
4]

NOTE: the dot product is useful to calculate the angle between two vectors.

Example: what is thelangle|between following vectors

A=2i+2j—k,B=5i—3j+ 2k oryou can write
A=<22,-1>B=<5-32>

Solution:


DuYi
Arrow

DuYi
Arrow

DuYi
Pencil

DuYi
Pencil

DuYi
Pencil

DuYi
Pencil

DuYi
Arrow

DuYi
Pencil

DuYi
Pencil

DuYi
Pencil

DuYi
Pencil

DuYi
Pencil

DuYi
Pencil

DuYi
Pencil

DuYi
Pencil

DuYi
Pencil

DuYi
Pencil

DuYi
Pencil

DuYi
Rectangle

DuYi
Rectangle
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=22+ 22+ (-1%)=v9 =3 , |B| = /52 + (=3)2 + (22)=V38

cosf =420 =—2_=0.108 > 0=cos 'cosh = cos!0.108
|Al[B]  3v38
0 = 1.4 rad = 84° ; degree —radlan — , or, radian = degree R
N A
90°
1 > B

If @ = 90°, which means the two vectors orthogonal (perpendicular). In
another word for any orthogonal vectors:

A-B = |A]|B| cos 6 = 0 ; Because of cos” =0

Exercise:

A=<4,-25>B=<-13,-6>,C=<7,-51>
L LA Jk
Find A - - C , and find angles vectors.

Cross Product:

The result of a dot product is a number and the result of a cross product is
a vector! Be careful not to confuse the two.

So, let us start A= (aq,a,,as) and B = (bq, by, b3)

Then the cross product is obtained by the determinant of a 3x3 matrix,
[ J k
a; dz; das
by by b3

AXB =
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DuYi
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DuYi
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l_b]_ b3]+

= a; a3|

= _ a azp, |41
AXB=1p, b, |

b, Zﬂk

and |CCL Z = ad-bc

Example:

Find the cross product of the following vectors
A=i+3j+4k,B=2i+7j—5k or A=<134> B=<27,-5>
i j ok
1 3 4
2 7 =5
AxB=[B*=5)—(7+D]i-[1*=5)—@*D]j+[(1*7)— (2*3)]k

=[-15—-28]i-[-5—-8]j+[7—6]k =—43i+13j + k

7 Sli-ly Sliely sle

—_

X B =

N}

AXxB=-43i+13j+k

= The cross product will always be orthogonal to the plane that containing the

original two vectors.
= [ts direction is found by Right-Hand rule.

uxy

A

uxy
i

~— A

8 /

Vv
' i

Cross Product Properties:

- AXA=0 ... .... prove that (H. W)


DuYi
Pencil

DuYi
Rectangle
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|A x B| = |A||B| sin 8 ve
We can find the cross product vector magnitude using previous formula. s
AXB#BXA ... prove that (H.W)

But, A X B = —(E X X) .......... prove that (H.W)
(AXB)XC#AX(BXC) ... prove that (H.W)

A X (E + E) = (Z X E) + (Z X E) .......... prove that (H.W)

What is the cross product of parallel vectors? (H.W)

Exercise:
A=<4,-25>B=<-13,-6>,C=<7,-51>
Find:
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