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DIMENSIONS AND VECTOR ANALYSIS

1.1 INTRODUCTION

As we are aware that the basic purpose of all sciences is to understand the
natural phenomena that occur around us. Amongst all the branches of
science, physics is one of the most fundamental. It is the foundation on
which the other physical sciences such as chemistry, geology, geophysics,
astronomy etc. are based. Physics also plays a very impurtant role in the
development of biplogical sciences.

In physics we perform experiments, malke measurements and then propose
theories which predjct the results of measurements. In this lesson you will
first learn about the units of measurements. Every unit of measurement
can be expreased in terms of the basic units. This will lead us to the concept
of dimensions and their applications in other areas of physics.

We will also catagorise the physical quantities in two groups namely (i) sca-
lars and (i) vectors depending upon their nature. Finally, we will learn the
simple mathematical operations associated with scalars and vectors. You
will find application of vectors in different fields of physics which you will
learn in other lessona during your course of study.

1.2 OBJECTIVES
After studying this lesson, you should be able to,

@ distinguish between the fundamental and derived quantities and their SI
- |

write the dimensions of different physical quantities;

apply the dimensional equations;

MmbmmandwctorquanmwsuMhmmples

find the resuitant of two vectors, and resolve a vector into its components;

and

compute the product of two vectors.
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1.3 UNITS OF MEASUREMENTS

The laws of physics are defined in terms of physical quantities like distance
speed, time force, area, volume etc. These quantities in turn are defined in
terms of more basic quantities like mass, length and time and some others
which we will study later.

If a person measures the quantity of milk, she should express the volume of
milk in some accepted units of volume. Like-wise if an engineer measures
the length of a road connecting two cities, he should express the distance in
an accepted unit of length. Such a procedure makes the life more comfort-
able. When we travel we have 4n estimate of distance and time which helps
us proper planning of the journey. If there were no units accepted by all,
the life would be miserable. Such units are much more essential in scien-
tific measurements to facilitate communication of information at interna-
tional level.

1.3.1 The SI|Units

- Keeping this point of view in mind, there have been attemnpts over centuries
in several developed civilizations to suggest standard units of measurements
atregional or national level. Without g..ag into the long history of the vari-
ous stages of development in the system of units of measurements, we come
to the year 1967 when the XIII General Conference on Weights and Mea-
sures, rationalised the MKSA (Metre, Kilogram, Second, Ampere) system of
units and adopted a system based on six basic units. It was called the
“System International units” known as SI system of units in ali languages.
In 1971 the General Conference added another basic unit ‘mole’ for the
amount of substance to the S1 The present SI system of units has ssven
base or fundamental units. These are listed in Table 1.1.

Table 1.1 : Base Units of the SI System

Quantity Unit Symbol
Length Metre m
Mass Kilogram kg
Time Second s
Electric Current Ampere A
Temperatiire Kelvin K
Luminous Intensity Candela Cd
Amount of Substance Mole mol

The yard and mile as units of length are still in use in USA. These are given
in Table 1.2.

Table 1.2 : Units of ier.gth still in use in daily life {USA).

1 mile = 8 furlongs

1furlong =  220yards

1 yard = 3 feet

1 foot = 12 inch

1 yard = 0.9144 meter (exactly)
1inch = 2.54 cin (exactly)

1 mile = 1.61 km
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The guiding principle in choosing a unit of measurement is to relate it to
common man’s life as far as possible. As an éxample, take the unit of mass
as kilogram or the unit of length as metre. In our day to day business we
buy food articles in kg or tens of kg. We buy cloth in metres or tens of
metres. If gram had been chosen as the unit of mass-or millimeter as unit of
length, we would be unnecessarily using big numbers in our daily life. Itis
for this reason that the basic units of measurements are very closely related
to our daily life.

The SI system is basically a metric system. The smaller and larger units of
the basic units are multiples of ten only. They follow strictly the decimal
gystem. These multiples or submultiples are given special names. These
are listed in Table 1.3.

Table 1.3 : Prefixes for Powers of Ten

Power of | Prefix | Abbreviation Example

ten Symbol

108 atto a

1018 femto f femto metre fm
1012 pico P pico farad pF
10% nano n nanometre nm
10 icro 1] micron um
10° mitli m milligram mg
102 centi c centimetre cm
10 deci d decimetre dm
10! deca da decagram dag
102 hecto h hectometre hm
108 kilo k kilogram kg
10¢ mega M megawatt ' MW
107 giga G giga hertz GHz
101 tera T tera hertz THz
10 peta P

10" exa E

1.3.2 Standards of Mass, Length and Time

Once we have chosen the fundamental units of the SI, we must decide on the set of sta:
ndards for the fundamental quantities.

{i)} Mass: The SI unit of mass is kilogram. It is the mass of a particular
cylinder made of Platinum - Iridium alloy, kept at the International Bureau
of Weights and Measures in France.

This standard was established in 1887 and there has been no change be-
cause this is unusually stable alloy. Prototype kilograms have been made of
this alloy and distributed to member states. The national prototype of India
is the Kilogram no 57. This is preserved at the National Physical Laboratory,
New Dethi.
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{ii) Length : The metric system was established in France in 1792. The
metre (also written as meter) was defined to be 1/107 times the distance
from the Equator to the North Pole through Paris. This standard was aban-
déned for practical reasons. In 1872 an International Comimission was set
up in Paris to decide on more suitable metre standard. In 1875 the new
metre was defined. It was defined as the distance between two lines on a
Platinum-iridium Bar stored under controlled condition. Such standards
had to be kept under severe controlled conditions. Even then their safety
against natural disasters is not gauranteed, and their accuracy is also lim-
ited for the present requirements of science and technology. In 1983 the
metre was redefined as follows:

One metre is the distance travelled by light in vacuum in a time in-
terval of 1/299792458 second. This definition establishes that the
speed of light in vacuumn is 299792458 metres per second.

Following this definition a new prototype of one metre can always be pre-
pared even if all the existing standards are destroyed in a natural disaster.
This is the greatest advantage of this definition.

{iii) Time : The time interval second was originally defined in terms of the
time of rotation of earth about its own axis. This time of rotation is divided
in 24 parts, each part is called an hour. An hour is divided into 60 minutes
-and each minute is subdivided into 60 seconds. Thus one secondis equal to
1/86400 part of the solar day. To be more specific, the mean solar second,

the basic unit of time, was defined as 4 x & x - part of the mean solar day

for the year 1900. This definition was accepted upto 1960. itis known that
the rotation of the earth varies substantially with time and therefore the
length of a day is a variable quantity, may be very slowly varying.

The Xill General Conference on weights and measures in 1967 gave the
following definition of the time interval ‘second’.

One second is the time required for Cesium - 133 atom to undergo
9192631770 vibrations.

This definition has its roots in a device which can be named as atomie
clock. The frequency of certain atomic transitions can be measured with an
accuracy of 1 part in 10'2. These frequencies {transition) are extremely
stable and are least affected by the environment:

1.3.3 Derived Units

We have defined the three basic units in mechanics. When these basic
units, interact, they give rise to quantities which are meagured in derived
units. Thus, the units which are obtained by the combination of the funda-
mental units, are called derived units. For example when distance and
time interact, they give rise to speed acceleration etc. The speed is mea-
sured in metre per second (mn/s). Similarly when length interacts with length,
new quantities like area (m? and velume (m?) etc result. The following
tables give some of the derived units commonly used in mechanics and some
derived units with special names.
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Table 1.4 : Examples of derived SI Units

Quantity SI Unit | sympbol
area square mieter m?
volume cubic meter m?
speed or velocity meter per second ' m/s
acceleration meter per square sec m/s?
density . kilogram per cubic meter kg/m?®

Table 1.5 : Examples of derived SI Units with Special Names

Quantity Nams  Symbol Unit Symbol
force newton N kg m/s?
pressure ' pascal Pa N/m?

energy, work joule J Nm

Power wiatt w ~d/s

The SI system of units form a coherent set in the sense that the product of
any two unit quantities leads directly to the unit of the resulting quantity.
When unit mass (kg is divided by unit volume (m?) we straight way get the
unit of density kg/m?®. We should be careful in writing the units of certain
quantities in proper order. Let us take the example of work. The unit of
work is Newton - meter which has been given a special name Joule. It
should be written as Nm and not as mN. If written as mN it would mean
‘milli Newton”.

Now, it is the time to check your progress. Solve the following intext ques-
tions and incase you have any problem, check answers given at thé end of
this lesson.

INTEXT QUESTIONS 1.1

L. A car is moving with = speed of 80 km/hr. What is the speed in m/a?

............................................................................................................................

2. Distinguish between the fundamental and the derived units.

3. The radius of an atom is 107° m. What will be this value in terms of micro metye?

. EFT TN

4.  The total coverad area of & house is 4500 square feet. Express this ared in square

metres.

1.4 DIMENSIONS OF PHYSICAL QUANTITIES

It is useful to assign dimension to physical quantities. The three basic di-
mensions of the three fundamental units, Length, Mass and Time are sym-
bolized respectively as L, M, T. The dimensions of other physical quantities

5
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are expressed in terms of these symbols. See the following examples.

mass M
{)‘ d?;lwt*‘v = m— kg -.__.._ML-G
volume m®  i®

m
{3) force = massxacceleration =kgx e =MLT ™

The dimensional analysis is a very useful tool in checking the correctness of
expressions or equations relating various physical quantities, Let us exam-
ine a few cases as examples.

Exesmple 1.1: The mechanical energy of a particle can be written in two dif-
ferent forms as {a) 2 mv? and (b} mgh. Are both dimensionally same?

Solution :

@ Ve mrEs Vo W L/TR = Y2 ML? T-2
(o} mgh = {M}(L/T? (L} = ML? T2
We therefore find that dimensionally both expressions for energy are equiva-

lent. They differ only by a dimensionless multiplier, (Factor 1/2 in this
case).

Example 1.2: Suppose a car starts fromrest. The car cavers a distance x in
time t while moving with uniform acceleration a. Find an expression for x
intermsof tand a.
Solution : Suppose the expression for xis of the form,
Xec @™ I, {o< is sign of proportionality)
This formula will be correct only if the dimensions on both sides are the
same.
Left Hand Side (LHS) x=L!'= L' M*T®
Right Hand Side (RHS} artr = (L/T3™ (T)"
= L= T-2m Ta
= Lm'ru-mn = [m MoTn-Qm
If the two sides must have the same dimensions then by comparing the
dimensions of L, M and T seprately we get
m=1, n-2m = o
n- 2 0
n = 2
Hence x= af.
We know {may come to know later} that this 18 not the proper form of the
expression.

The correct expression is x = ¥, af®.
The sign of proportionality is replaced by th.: sign of equality with the help of
a dimensionless multiplier (1/2 in this case}.

Example 1.3 : Inan experiment with a simple pendulum we come to a.quali-
tative conclusion that the time period T of the pendulum depends on the length

6
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ofthepemﬁdumlandtheacoeleranonduetogmvuyg But we do not know
the exact dependance. ﬂndtheexactaqxresswuforrmtm'msoﬁandg

Solution : Let us assume that
Toc I go
Dimensionally L.H.S. = T'= [°MT'
RHS = bagn = [®(L/ T2 = [ Mp Pan-
By comparing the powers of L, M and Ton both sides

m+n=o and-2n=1
m=-n n=-4
Lm=+Yaand n=-%

: l
s Tal*g” or T=2kJ:
You should bear in mind that the numerical constant (2 ) cannot be deter-
mined from dimensional analysis.

Enmplo14 It is known that a particle moving in a circular orbit has an
acceleration which depends on the orbital speed v and radius r ofthe orbit.
Determine the powers of v and r in the expression

acceleration a = kv™r™ where k as usual is a dimensionless quantity.

Solution :

LHS a=L/T =LA T2
RHS vo0 = (L/T)r = L MR =,

Comparing the powers of L M and T on'both sides, we get
m+n=landm=2
We get nr--l
2
am=fkiprt = k2
r

Agei - the numerical value of kcannot be obtained from dimensional analvsis,
Now, take a pause and do the following gquestions.

INTEXT QUESTIONS 1.2

1. A stonie is dropped from the roo: of u tall building. Thevelouty vwathwluchthe stone
hits the ground depends on the 2eight h of the building and the acceleraticn due 1o
gravity g. Obtain the axpression for v,

2. madicphcemmtofummingpéxﬁc!eiigiﬁn'bytha exprassion Y—ASt'n‘ﬁK,.-t-rKJx}
where ¥, Aundxminmetman_atin sedond. Obtein the dimensiona of X, and KX,

& The acceleration of a. jnovmg object is dzrectly prpportxonnl to ‘the apphed force dr 3
inversely pioportion td its mass. What ia the dimension of force?

......................................................................................................................
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1.5 ORDER OF MAGNITUDE

Itis quite often useful to know/calculate the approximate value of a particu-
lar quantity. It helps us in checking the results of any lengthy calculation or
to know the approximate magnitude of a quantity. The order of magni-
tude of a quantity is the power of ten of the number that describes the
quantity. We know that the speed of light in vacuum is 3 x 10® m/s. We,
therefore, say that the order of magnitude is 8. If a quantity increases by
Jour orders of magnitude we mean to convcy that the gquantity has in-
creased by a factor 10°.

Example 1.5: The size of an average room is 6 x5 % 4m®. The room is to be
completely filled with cricket balls without crushing them. If the diameter of a
_ball is 5 cm, estimate the number of balls that will fill the room.

Solution :
The volume of the room =6x5x4=120m®
The approximate volume of a ball =5 x5x 5 x 10°¢ m?

= 125 x 10-¢ m®
_ . anr® | )
(You know that the actual volume of a ball is given by —5—- where ris the

radius of the ball.)

Hence the total number of balls = ~1x%10° balls.

120
125%107¢ —

A more accurate calculation may give a resuit which may differ by factor of _
ten only.

Table i.6: Approximute values of certain measured quantities

Mean distance from earth to moon 3.8x10°m
Mean radius of the earth 6.4 x 10°m
Diameter of a hydrogen atom 1%x10%m
Diameter of an atomic nucleus ; 1x10"m
Mass of Sun 2x10%kg
Mass of earth 6 x 10* kg
Mass of a Mosquito 1 x105kg
Mass of an electron 9.1 x 10 kg
One year & 3.2x10"s
One day L 8.6x10"s
Period of a souird wave 1x10%s
Period of a radio wave 1x10%s

Now, check your lcaming by solving the following questions.
INTEXT QUESTIONS 1.3

1. A teacher consumes 0.4 unit of electricity per hour in his house. The cost of electric-
ity is Rs 3/- per unit. Estimate his total expenditure on electricity per year.

R L L T Y T PR T T LI L T R R Y T Y R L T

2. Estimate the consumption of salt for the-whole country in one year for & population of
300 = 10°,

........................................................................................................................
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1.6 VECTORS AND SCALARS
1.6.1 Scalar thitieé

We know that the physical quantities are always described by some num-
~ bers with proper units attached with them, We describe the density of
material, the volume of a jar, the distance between two cities, the speed of a
moving car, the force that pulls all objects towards the earth and the torque
that opens or closes a door. Some of these quantities are expressed in
numbers with units and it is a complete and correct description of that
quantity. The examples are (i) density of copper = 8.9 x 103 kg/m? {ii) mean
radius of the earth = 6.4x 10°m (iii) one day = 8.6 x 10* s: Such quantities do
not require any direction to be specified for their descritpion. These are
known as sealar quantities, ’

A scalar quantity has only magnitude and no direction.

1.6.2 Vector Quantities

A vector quantity is a physical quantity that is described by both the magni-
tude and the direction. Porceis a vector quantity. If we apply a force of 100N
ol an object, we must also specify the direction in which the force is being
_ applied. Velocityis an other vector quantity. If we describe the motion of an

object we must specify how fast it is moving and the direction of its motion.

A vector quantityhas magnitude and direction both,

Vectors can always be represented graphically. Let us say that a force of W 1P Syl
50§)Nisappliedmabodyinthedimctionwesttoeast. This vector quantity 2355
canberepmﬁhdmphicaﬂyasshownmﬁgl.l. below AR

D

>
B
C

Mg 1.1: Graphical represeniation of o vector.

“The line AB represents this vector. The length of the line AB, say 5 cm,
Tepresents the magnitude 500N. The direction of the vector is from Ato B
{West to east). The point A is called the tatf and the point B with an arrow
- maark is called the tip (head) of the vector., y
Another vector CD of magnitude 300N force
isrepresented by CD (3 cm length) pointing 1A, By ©
in a different direction. / )
- Any twovectors A and B are said to he / ‘
equal if they have the same magnitude and
point in the same direction. Graphically,
therefore, all such vectors which are of the

same length and parallel to each otherare ©! ) x
saidtobeequalas'shownhere'inl“igl-z Fig. 1.2: Equal vectors repre -ented

The three vectors. A, Band € are of equal grophi-iy.

9
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length {magnitude) and are parallel to each other {pomnt in the same direction}.

We therefore say that A = B = C.

1.6.3 Addition of Vectors

When two or more vectors are added together, like scalar gquantities, they
must have the same units. Graphically, it is very easy te add two vectors
and find the resultant sum.

{ ot us have two vecturs A and B and we have to find their vectorsum R=A+B ~ -

B _ _
R _= AT B- ’,.
”~”
,/,
, .
4
’/
.
A - A
(a) {b)

Fig 1.3 : Addition of two vectors, graphically.

The two vectors are shown in Fig. 1.3. (a). T3 find the sum of the two vectors
we adopt the following procedure.

First, draw the vector A graphically. Then draw the vector B in.such a
manner that the tail of the vector B starts from the tip of Vector A as shown
in fig. 1.3.(b}). We know that a parallel movement does not change a vector.
A vecior drawn from the tail of A to the tip of B is the resultant vector R =
A + B. Following the same procedure. We can find the sum of more than
two vectors also.

Let us take three vectors A, B and C and we have to find the vector R=
A+B+C

Fig 1.4 : Addition of three vectors in a graphical menner

Draw the vector A. Draw the vector B such that the tail of B sta tsfrom the

10
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tip of A. Then the vector which starts from the tail of A and ends at the tip
ofvector Bisthe sum (A+B). Following the same rule we can add the vector
C to the Vector (A + B} and getto vector R=A + B + C. You can now
appreciate that several vectors can be added together in the same manner.

Now, following the graphical procedure illustrated above, you can easily shovw
that

i A+ B = B + A (commutative of properly vector addition) (1.1)
{fi} A+ (B + C) = (A + B) + C (Associative property of vector addition) (1.2)

1.6.4 Subtraction of Vectors

We define the negative of vector as a vector which has the same magnitude
but points in the opposite direction. If A is a vector of magnitude 300 units
pointing towards east, then -A is a vector of magnitude 300 units poiriting -
towards west. Following this definition of 2 negative vector we can evaluate
the difference of two vectors in the same way as we evaluated the sum of two
vectors. Letusevaluate R = A - B

This can also be writtenas R= A + (-B)

The graphical construction of 14
finding A-Bis shown in Fig 1.5. /]
First we draw the vector A . / B
We then draw the Vector -B. A Y /

To find A + {~B), we now x
draw the vector =B such that \\ .
the tail of -B coincides with ~ -
the tip of A. Avectorwhich R = A~ B \ -B
joins the tail of A to the tip \

of B is the vector (A - B). N

Fig 1.8 1 Subtraction. of vectors graphicatly

1.6.5 Law of Parallelogram of Vectors

We can find sum of two vectors anylmcally without graphical construction
- also. Letusevaluate R = A +B .

A E
D
a’m
- K=A+B " [/ |
- /
- B |
9 / i
s A
VAN
P A Q F

Mg 1.6 Leaw of paraliclngram of vectors.

Let A and B be two vectors and 0 the angie between them. We construct a
parallelogram. PQED where PQ « DE = A

and PD=QE=B
Let EF be perpendicular to the line PQ. In APFE

11
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CEEP - PRReFER W
< (PQ + QFF’ + (FEF -
= (PQP + (QFF +2(PQ) (QF) + (FE)’

= (PQJ* + [(QF)? + (FEY] + 2 PQ.QF
=(PQ)? + (QE)? + 2 PQ. QF ‘
. =(PQ)* + (QE)*+ 2 PQ.QE.(QF/QE) s
R =ATHB? +2AB cos 8 (1.4)
R| = /A’+B +2ABcosd | | (.9

This expression for Rin equatlon (1.5) givesus the magmtude of the sum of
two vectors A and B inclined at an angle 0 between them, '

i When 6 =0 the twé vectors are parallel to each other. =
" thenR =A+B (L69)
i) Wheni0=%/2, R~ JaT,57 (L.6b)

ii) When 6 = utbetwovectorsmanuparaﬂelhoeachother
' Theymd:recwdoppoutetoeachothm' ' '

R= JAT1B?-2AB, "R=A-B (1.6¢)
or R=B-A |

The disection of the vector Rmthmapecttoarefermcedxrecuoncanaln -

be determined analytically. Let the reference direction be the direction of
one. ofﬂ:evectors, aayvectorAmdnmakeq an angle oo with A..

Cman B Bdao
“PF PQ+QF A+Bme-‘ -

‘Baing -

= Boosd

Since A, B and 6 are known, the direetion of R’(angie o) can be euﬂy
calculated. '

lpodnl oases : Wecandmcusatheumespe:ulcmaforwhmhweobhmed :
the magnitude of R..

) wheno =0, tano =0, - o=0 {1.8q)
The direction of R coincides with &

H)” 8=x/2, tano= B/A |  {1.8b)
iy 0=x tano =0, Rw:ﬂbealongthevector Aor! "(1.8¢)

Again, it is time to check your understanding.

12“
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INTEXT QUESTIONS 1.4_

1. There are three vectors of magnitudea 8, 16 and 20 units oriented arbitrarily in the '
same piane. What are the minimum and meximum values of their resultant? =

2.  A'maen walks 3.0 kin towards east and then 4 lcm towards north.
(a) How far away he is from the starting point?
(b) What is the direction of his final position?
3. There are two vectors A and B of equal magnitude with an angle of 60° between
them. .Determine the following grephically o
@ A+ B (b) A-B ct B -A
d A+2B (e} A-2B

1.7 PRODUCT OF VECTORS

1.7.1 Scalar Product

The scalar product of two vectors A and B is defined as a scalar quantity
which is-a product of the magnitudes of the two vectors multiplied hy the
cosine of the angle between the two vectors )

AB = ABcos®. ' (1.9)

Where 6 is the angle between the two vec-
tors A and B, Fig 1.7.

A dot syrabol between A and B is put to
indicate the scalar product. For this reason
the scalar product is also called the dot
product. The quantities represented by the
vectors A and B need not have the same

o o .  —— . c— —

‘units. The product AB cos 6 contains the -
magnitudes of the vectors only and is.a sca- A

lar quantity. 1tis therefore easy to appreci- + Scolar Producs

ate the following relations. - Tia L7

AB=BA = AB cos 0 _ (1.10)
A(B+C) = AB+AC (1.11)

We will find a practical use of these relations in later chapters on mechanics.

Example 1.6 : The two vectors are of magnitudes [A|=30and |B|=40and
the angle 8 = 55, calculate the magnitude and direction of the le-4 +B

Solution :

Asper equation (1.5) [R| = A%, p77 28 co;ﬂ_' -

= y(30)* +(40)® +2x30x 40 xcos 55°
= (900 + 1600 +2400 x 0.5736)*
[R| =. 62.2 (magnitude)
Bsing 40x0.8192  32.768
" A+Bcoss "~ 30+40x0.5736 - 52.944

tano

]

13
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=0.6189, a=31.8°
The resultant R makeg an angle of 31.8° with vector A.
Example 1.7 : A cart is being pulled . IN
by man A towards east with a forceof B I
70 N. The same cartis being pulled by |
man B towards North-west with a force i 1350 _
of 30N. 30N A

70N

(b) Find the direction of this resultant
" Jorce.
Solution :‘ |
In this problem
A=70N,B=30N, 8 = 135°

R = /(70 +(30)* +2x70x 30coa135°

= J4300+ 900 +4200 cos (90 +45)°

- [B00-42008ina5'=2821 ~ ~R=53.LN.

__Being 30x8in (90 +45)° 30cosds®
A+Bcosd 70+30cos(90+45)° 70+ 30(-sin45°)

tano

- 3007071 21213 Py
" T0-30c7071 - ag7e7 " 048
o= 23,.5°

1.7.2- Vector Pioduct

The vector product of two vectors A
‘and B is defined ds a third vector .C
whose magnitude is AB sin @ where 0 '

is the angle between the vectors A v

and B. The vector product is written Tig. 1.8 Graphical representation of

an vector product _
AxB=C (1.12)

The magnitude of the productis |C| = AB sin 8 {1.13)

There is a simple rule to find the direction of the vector C. Stretch the
fingers of your right hand along the vector A. Now curl the fingers from A
towards B through the smaller angle 8 between A and B. The Thumb which
is erect points in the direction of the vector’ C. If one follows this rule one
can casily see that : '

AxB =-B x &) | (1.14)
- 1 A and B are in a horizontal plmic with an acute angle 8 between them as

i

14
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shown in the figure 1.8 then A x B = C will point vertically upwards and
B x A =-C will point vertically downwards. Because ofa cross sign between
A and B, the vector product is also called as cross product. We will make
use of these relations later. y

1.8 RESOLUTION_ OF VECTORS

A vector can be resrlved into components
with respect to a particular co-ordinate sys-
tem.

Fig 1.9 shows a vector Ain arectangular
coordinate system. The tail of the vector Ayl A

- = o wm

coincides with the origin O of the co-ordi- N
nate system. Let us draw perpendiculars X
" from the tip of the vector on the coordinate Ax

axes. We get quantities A, and A,. These Fig 1,91 The enta of the R
are, called components of the vector A.The e et courdt vector
process is called resolution of vector into m.w pular axes x

its components.

- The components A, and A, are
A = Acos8
= Asin® o {1.15)
where 8 is the angle which the vector A makes with + X axis.
If we know the vector A i.e. we know the magnitude A and the direction
with respect to a reference axis, we can obtain the components A, and A,.
Conversely, if we know the components, we can obtain the magnitude and
direction of the vector.
= Acos@
A, = Asinb

A +A2 = A% (cos?0 +8in?6) = A

- Am ,}A: +A? (magnitude) | (1.16)
- tan@ = A /A, (direction) (1.17)
The sign of tan § determines the quadrant of the co-ordinate axis.

. A more convenient way to handle the resolution of more than one vectorsin-
a three dimensional space is to introduce the concept of unit vectors. The
vector A can be written as -

A= u,]nl ,, (1.18)
Where @, is a unit vector in the direction of A. (A cap over the letter
represents a unit vector). In the rectangular co-ordinate system we choose
i,jand & as unit vectors along the x, y and z directions respectively. Let
us do some simple mathematics for a two dimensional system. This can be
casily extended to three dimensions.
Following the definition of unit vector.

A=Ad+Aj

B=B,i+B,] (1.19)
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This is shown in the Fig 1.10.

l‘l‘-llO{bj

I
Figure 1.10 :WJWMWWMMM
Vector 4 (s in the quadrart I and the vector B in the quadrant IV,

Suppose we attempt to find the sum of the two vectors Aand B.

R=A+B
= AYB,
+B,
Let thevector R make an angle 0 with X-axis,

IR} =, (Rz +R3)

R
tang=—L |
We solve the following problem to illustrate the efficacy of this analytica]
method of addition of vectors. '

Iannplo 1.8: Two vectors are given below
A=2i+3] and B = 31 - 4]
Find the sum of the vectors A+B =R

Solution ;
Aecordmgtoournctauon
A,=2, A=3;B,=3B"4
R,=2+3=5§"
‘Ry®»3-4=-1
Rey5741% 5 /36 = 5.1
tan'® = R/R, = -1/+5 = 0.2

Ow willne Nquldrmt.
lmn’lo 1.9: MMA andBinﬁcXthm huvcco-ordinatuf-a, am
-and (2, 4)mrup¢aivdy

() mmmﬁrpaﬁonmcanndB(R‘ &R,
) Bvah;dcml-l-yaud(ll ~-R)) a
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Solution: |
fa) The position vector R, = (31 +2§)m"
R @i +4l)m
B R, +R= 31 +2§)+(2i +4J)

= -2i +63}

R,-R, = u:+2j) (2l+4.'l)

~-5i -2].
Example 1.10: [favector Cis addec to vector B theresultis-9i -8] . If
3iam4bﬁuaedﬁum Cthe resultis 51 + 4] . What is the direction of B.
Bolution: Given,

B+C=-9i -8

c-B-5i+4] | |
Dyadding we set; 2C=-4i -4§;  ¢=-2i -2}
By subtracting we set, 2B ~-14i -12]; B=-7i -6} -

... By w7

Therefore, tan 8 = 57 =g =1.167

Accordmgmthetahlelglvenhmﬂ ilinthe Illqundrant
@= 221°,

,hm;.uz.us Given
0 A+B=6i + i
) A-B=—<i+7] -
What is the (a) magnitude, md{b)dnaionofl
' lnluthn: _
W By.ddiungmmd(a)mgetu-nnsi
A= §+a]

A,-1mu, 4

A-1fA’+A’ J“'. A= 4.=
(b) tane = f'--:- 0 -hn"ﬂl
nl'rm QU”‘I‘IOHIIB

1. Thers is & wooden block on the floor. anAhpuﬂh;atﬁththul‘mdpmoq

_ Bupuddn.:twiﬂ:ﬂu-m&ml' The direction of the force with respect to the
floor is 30° in both cases. . Whnvmhabl.tomthnblo&mﬂuﬂnumm
convenjently and why? _

-
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Physics

earamEpes

A vector A of magnitude 50 m is in the XY plane and makes an angle of 30° with the
X - axis, What are the X and Y components of this vector?

A force of 200 N is applied on a.bedy at an angle of 120° with the poaitive X - axis.
What are the directions and magnitudes of the rectangular components of this force?

errmespuirErEany

1.9 WHAT YOU HAVE LEARNT

1.10 TERMINAL QUESTIONS_.

i

3.

4,

Every physical quantity is measured in some system of units. We in physics adopt
the SL. )

In mechanics, kg, m and = are the base units of the ST for measuring mass, lengtl
{ nd time respectively. The other units are called derived umts ‘

A standard mass of an alloy material has been accepted as standard kilograra,

1
Omn ter is the distance travelled ight i in ——————— d.
ne meter ie the ce travelled by light in vacuum in 299792458 secon
One aecond is the time required for Cs ~133 atom to undergo 9192631770 vibrations
Every physical quentity has dimensions. The dimensional analyais iz a useful tool tu
check the correctniesa of mathematic expressions.
There are vector and acalar quentities.

- Addition and subtraction of vectors — Law of parellelogram of vectors.

@ Scalar product R = AB = AB cox'§.

{i) Vectorproduct R=Ax ¥ _ ‘
{R| = AB sin 8. The direction of R is also.defined.
A vector can be resolved into ita components.

The average speed of the fastest train in India is 120 kmth . W'hu 'wii-i ba the speed
in metre per sscond?

Show that the expression 8 = ut+ % a#, where s is distance, u is speed and a is the
acceleration of a moving particle, is dimensionally cormet. ‘

If x= At + Bf (whers x is distance and tis time) is dimensionally correct, then show
that (A + 3 Bf} has the dimenaions of velocity. ' ‘

The diameter of ari atom is.about 10'° m. Estimate the number of atoms in 1 m* of
-a solid, '

A big boat is resting on still water. Thers are two ropes tied at the same point on the
‘boat. One man pulls the bost along south with a force 12 N and another mad pulls it -
along east with a fores of 16 N, .
(a) What ia the resultant force with which the boat is being pulled? = -
(b} What is the direction of its displacement ?

A river is flowing towards east with a speed of 5 lex/h . A swimmer is swimming from’
the south bank with a speed 4 km/h always heading towards north. '

(8} Will he be able to reach the north bank sxactly st the opposite point?

(b) What is the direction of hie sffective speed in water?

{c} What is his effective speed in the river? '

A boy is pulling a table towards south with a force 5 N and his sister is pulling the
ssme table townrd, east with a force 4N on the horizontal floor of ths house, Thers is
a force of friction of 1N between ths floor and the tablé in every direction. What is the -
mugnitude of the resultant force which is moving the table?

A man walking scross his fields in a derk night losss his way. He walks 100 stepa
towards west and then S0 steps towards north and then some steps in another
direction so that he sgain comes back to the starting point. How many steps and in
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Dimensions and Vector Analysis

what direction he walked in his third movement? Solve the problem graphically.

9. A person walks along the paths shown
in Fig 1.11, starting from the point A and :
ending at the point B, Find the magni- A |1wom
tude of his displacement.

10. A particle moves with a velocity v along
east for 5 secands and then towards

north with velocity v for 5§ seconds.
rig 1.11

(a) How much is the change in velocity
. per second.
{5} Change in velocity per second is de-
fined as acceleration. What is the
direction of the acceleration?

11. A block of mass 5 kg is sliding on an in-
clined plane making an angle of 30° with
horizontal. What is vhe magnitude of the
force driving the block along the plane?

12. Two vectorsare A= 8 unitsand B = 5
units.. The angle between them is 60°

Find Fig 1.12
{a) A.B
{b) A x B and its direction, for the . following orientation (A and B are in horizontal
plane). :
. ! . N
I
60"
B B
60°
: >
A Fig 1.13

13. Two vectors are given by A-'Si-ﬁj andB-Qi—S:’i. Calculate (A + B} and (A - B}

ANSWERS TO THE INTEXT QUESTIONS
Intext Questions 1.1 4500 sq feet = 45x 9.29 = 418 m?
Intext Question 1.2 ‘
80km _80x1000 200

= & e TT1 Il 1- oc My R
n - eaveo o ! veeg'h
=222 m;/n L SR |
2.  The ..ndamental units are indepen- LHS = 7° M'L'T

dent units and they are conly seven in
mumber. Whereas the derived units are

m
obtained by the combination of the fun- L) oa
damenta! units and there can be any RHS =g~ h'= { -QJ L
number of derived units, + vt

3. 107%m = 1 micro metre. = Lot _
4. 1feet x 1 faet = 1 nq. feet Compare M° L' T = L= T2
. (LH3) © (RHS)

1x12x12x2.54 x2.54 m+n=1, —2m = -1

- 10* n=1-m, m="% -

n=Y%

-2 o 2 v gihtorva gh

10* p

Y= Asin (Kt+ K4

19



Physics

since displacement is also in meter..

LHS = Y= L' M°T®

RHS = A sin (K,+ K xj~ L}
Quantity it { ) must be dimension-
less.

Kt= L°M* T*, Dimension of K, = T-!
K, x« M°LT®, Dimension of X, = L

1. 0.4 unitz per hour.
In one day 0.4 x 24 = 9.6 units
> 10 units/day.
Per year 3650 units.
Cost 3650 x 3 = R310950-ln-10'
3. A person may consume abog(
1 kg/months, 10 ky/yesr. For
= population of 900 X 1¢*
Total salt = 9000 X 10* Kg
. -10%kg
Intext Questioas 1.4
. 1. 8, 16, 20 magnitude, -
Maximum of result will be when =ll
three are paraflel = 44 units.

Minimum when antiparallel = 4 units. °

B

4 km

A
3 lm
2. (=) R=Skm.
b tan6=4/3 =133
&= gbout 53*

3. |A} = |Bjand o= 60"
Graphically.

_—
F sin 30°

l‘b:m.‘mgﬂwﬂock
From the above figures it is clear that pull-
ing the block is convenient thaa pushing it-

F, = 200 cos 130° = -1
* F, = 300 sin 120° « 1005 .
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