Physics and Measurements 1.1
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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
metricsystem 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 (SI1). There are seven basic
units in the SI as shown in table 1.3. “For this book only three
unitsare used, the meter, kilogram, and second

Quantity Name Symbol

Length meter m

Mass kilogram kg

Tume second S
Temperature kelvin K

Electric current ampere A
Number of particles | mole mol
Luminous mtensity | candela cd

Mass

The SI 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.

Length

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

1.3.1 Units of Length
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1 kilometer (km) =10’m

1 decimeter (dm) =10"m
1 centimeter (cm) =10"m
1  mullmeter (mm) =10"m
I  micrometer (um) =10"m
1 nanometer (nm) =10"m
1 angstrom (A) =10""m
1 picometer (pm) =10""m
1 femtometer (fm) =10""m

1.3.2 Power of ten prefixes
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number prefix Abbreviation

L8

10 exa- 3
10" peta P
10" tera- T
10 o19a- G
10° mega- M
10° kilo- K
10 cent- C
10° muilli- M
10° micro- u
10” nano- N
1 O12 pICcO- P

1.4 Derived quantities

All

expressed

physical

guantities

interms of the

mass, and time. For example,18.

basic

speed is simply length divided by time,
actually  mass
squared

[Speed] = L/T=LT*

multiplied by

[Force] = ML/T?= MLT?

length

measured by physicists
three

unit

can be

of

length,

and the force is

divided

by

time



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

1.5 Dimensional Analysis

The word dimension in physics indicates the physical
nature of the quantity. 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 =2 at2 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 = vo + at is dimensionally
correct, where v and vo are the velocities and a is the
acceleration, and t is the time.

Solution
The right hand side
L
vl = —
[V] .
The left hand side
lat] = Lﬁ x1 = L
T~ T

Therefore, the expression 1s dimensionally correct.

Example 1.3

Suppose that the acceleration of a particle moving in
circle of radius rwith wuniform velocity v is proportional
to the " and Vv". Use thedimensional analysis to
determine the power n and m.

Solution
Let us assume a 1s represented in this expression

q= k rn 1l,111
Where £ 1s the proportionality constant of dimensionless unit.

The right hand side




The left hand side [ p y™ = LH(L] _L
T_ TJ'.'?

Hn+m
therefore Lﬁ — L
T~ "
hence
n+m=1 and m=2

Theretore. n =-1 and the acceleration a 1s

12
a=kr v



1.6 Vector and Scalar
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Vector Quantity | Scalar Quantity
Displacement Length

Velocity Mass

Force Speed
Acceleration Power

Field Energy
Momentum Work

1.7 Coordinate system
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1.7 Coordinate system
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1.7.2 The polar coordinates )
IO - y (m :
Sometimes 1t 15 more convenient to use A Figure 1.1

the polar coordmate system (r,0).

where 7 15 the distance from the origm )

to the pomt of rectangular coordinate r

(xy), and 015 the angle between r and B

the x axis. < > x (m)
\

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

(7,0) 1s shown 1n Figure 1.3, where,
x=rcos 0 (1.1)
And
y=rsmn6 (1.2)



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

r=\/:r':' + 7 (1.3)

Dividing equation (1.1) and (1.2) we get

Y

tan 6=

(1.4)
y

Example 1.4

The polar coordinates of a point are r =55m and
0=240°. What are the Cartesian coordinates of this
point?

10



Solution
X =r cosO = 5.5xc0s 240°=-2.75m
y =rsin 0 = 5.5xsin 240° = -4.76 m

1.8 Properties of Vectors
1.8.1 Vector addition

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

|

add vector 4 to vector B as shown

in Figure 1.5, the resultant vector Ris
Figure 1.5

R=A+B (1.5)

Notice that the vector addition obeys the commutative law, i.e.
A+B=B+A (1.6)

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

11



Figure 1.7

1.8.2 Vector subtraction

The vector subtraction 4— B is evaluated as the vector subtracti

A-B=4+(-B) (1.8)

Fioure 1.8

12



where the vector — B is the negative vector of B

B+(-B)=0 (1.9)

1.9 The unit vector

A untt vector is a vector having a magnitude of
unity and 1ts used to describe a direction n space.

- A
@502 d) Anis ouia 4 antall Jota alisl (S 4 aniall

s /;

Figure 1.9

g
Il
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e

(1.10)

rectangular 32abaial i WY1 Hsladl (1, J, k) san 5 leatie JA5 Say SlIX
= Al LA 4 LS (X, y, z) coordinate system

1= a unit vector along the x-axis
] =a unit vector along the y-axis
k = a umt vector along the z-axis

Figure 1.10
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1.10 Components of a vector
Any vector 4 lymg m xy plane can be resolved mto two components
one in the x-direction and the other m the y-direction as shown m

Figure 1.11
y  Figure .11

A= cosb (1.11)

A=A smb (1.12) 0

Jbﬂ}{ @QJ‘ @_).’aﬂ (ab;'\:a...u\ R alias Jb':ﬂ J.g...u.\'_ las (x}y) :.l_m}'l s
JAlasd

The magnitude of the vector 4

(1.13)
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The direction of the vector to the x-axis

6=tan" — (1.14)

A vector 4 lying m the xy plane, having rectangular components
and 4y can be expressed in a unit vector notation

A=A+ Ay (1.15)

.
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A=di+d ]
B=Bi+B,j
L o
= -z Ay By
R=4+B=(4, +B)i+(4,+B))) ‘
Example 1.5
Find the sum of two vectors 4 and B given by
4=3i+4] and B=2i-5]

15
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Solution

Note that 4,=3, 4,~4, B=2, and B,=-5
R=A+B=(3+2)i+(4=5)j=5i—

The magnitude of vector R is JR\‘ a
R=\R’ +R =y25+1=426=51

Figure 1.13

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

O=tan —L=tan — =-11°
R, 5

Example 1.6

The polar coordinates of a point are 7=5.5m and 8=240°. What are the
rectangular coordmates of this pomt?

Solution

x=r cosb =15.5 x c0s240=-2.75 m

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

16



Example 1.7

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

Solution

Figure 1.14

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

A+B, (b) 4-B, (c) ﬁ-l—l_i”‘, (d) ‘3—3‘ and (e) the direction of

A+B and [4-B|.
3+ﬂ=5 2—3%5
0 =-53° 0 = 53°

17



Solution (3) J+B = 3i-2j)+(—i—4))=2i-6]

(b) A4-B =@i—=2j)—(—i—4))=4i+2]

() |4+ E‘ = 2% +(=6)° =6.32

(d) E—B"= 4° +2° =4.47

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

For 4-B,0=tan'(2/4)= 26.6°

Solution
Ay =-3 units & 4, = 2 units E 1 A
~ : 9
(a) 4 = AdtA4,=-3i+2] units —- X

4+ A_v‘ = (=3)" +(2)° =3.61 units

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

oli-

(¢) R=0&R,=-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 4.

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

18



Solution

(@) R =xi+yj=(3i-5)m

R, =x,i+y,j=(-i+8))m

(b) Displacement = AR = féz - El

AR = (x, —x))i + (v, — v,)j =—i — (=31) + 8 — (-57) = (2i +13/)m

1.11 Product of a vector

There are two kinds of vector product

the first one 1s called scalar product or

dot product because the result of the B
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.
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1.11.1 The scalar product
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A.B=+ve when 026 >90°

19



4.B=-ve when 90° < 0 <180°
AB=zero when 6 =0
Jia 4 JY) asiall e oen Jualsy B Ceaial i) ol G
NLagin s peanall Al 3 Al a2 B Sl asidl

1B =|4B

cos6 (1.16)
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A=di+ A j+ Ak (1.17)
B=Bi+B,j+B.k (1.18)

The scalar product 1s

AB=(Adi+A4,j+A4k).(Bi+B,j+Bk) (1.19)
o my B oasiall SlS e b A asiall S e

AB=(AiBi+AiB, j+AiBk
+A,jBi+ A jB,j+A4,jBk (1.20)
+A,kBi+AkB,j+ AkBk)

Therefore

20



Theretore
.AB=A4B +A4B +A4B. (1.21)

The angle between the two vectors 1s
AB AB +AB +A4B
4B |45

cosB = (1.22)

Example 1.11

Find the angle between the two vectors

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

05l = AB, +A4,B, + 4B,
Solution  “°Y 7= 4|B]

AB, + 4B, +AB.= (2)(1)+(3)(-2)+(4)(3)=8
A =y2%+37 +4* =29
Bl=y1’ +(=2)* +3> =14

cosf = LO.?@? = 0 =66.6°

V29414
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1.11.2 The vector product

ol das 5 &g cross product — vector product paN) o pall o ey
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AxB
|
Figure 1.16
Ax B = ABsin 0 (1.23)
AxB=(di+A,j+AKk)<(Bi+B,j+B.k) (1.24)

To evaluate this product we use the fact that the angle between the

unit vectors 7, j , k is 90°.

ixi=0 ixj=1Fk ixk=—j
Jxj=0 Jxk=i Jxi=—k
kxk=0 kx?=‘j kXK]'=_?

22



AxB=(4,B. - 4B, )i+(4B - 4B )j+(4B, - 4Bk  (1.25)

If C = Ax B, the components of C are given by

C,=4,B -4B,
C,=4.B, -43B

C.=AB,~ 4B,

Example 1.12
If C=Ax E, where 4 =3i— 4 ,and B=-2i+3k , What 1s C?

Solution
C=AxB=3i—47)x(=2i+3k)
which, by distributive law, becomes

C = —(3ix 20) + (31 x3k) + (4 j x 2i) = (4 j x 3k)

Using equation (123) to evaluate each term in 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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