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Chapter 1

Q.1 What is Physics? Name four branches of modern physics.
Ans. Physics is the branch of science, which deals with the study of matter and
energy and of the relationship between them. Among many branches,
the four branches of modern physics are:
i) Nuclear physics, i) Particle physics,
i) Relativistic mechanics, iv) Solid state physics.
Q.2 Distinguish between biological science & physical science. What are three main
[frontiers of fundamental science?
Ans. Biological science deals with living things.
And Physical science deals with non-living things. Physics is an important
and basic part of physical sciences besides its other disciplines, such as
chemistry, astronomy, etc.
Three main frontiers are: i) the world of extremely large, the universe itself,
ii) the world of extremely small & iii) the world of complex matter.

Q.3 Which areas the study of physics involves? Describe briefly.
Ans. The study of physics involves:
i) investigating such things as the laws of motion,
ii) structure of space and time,
ii) nature and type of forces that hold different materials together,
iv) interaction between different particles,
v) interaction of electromagnetic radiation with matter,
vi) modern physics whose some branches are;
a) nuclear physics,
b) atomic physics,
c) particle physics,
d) relativistic mechanics
Q.4 Write any four inter-disciplinary areas of Physics.
Ans. The averlapping of physics and other fields gave birth to new branches such as
physical chemistry, biophysics, astrophysics, health physics, engineering
physics geophysics and medical physics.

Q.5 What is relativistic mechanics?

Ans. Relativistic Mechanics is based on theory of relativity, which leads to
four-dimensional space-time concept.
Two important conseguences of Einstein's relativity theory are the
equivalence of mass and energy and the limiting velocity of the speed of light
for material objects. Relativistic mechanics describes the motion of objects
with velocities that are appreciable fractions of the speed of light.
Even more important is the relation between the mass m and energy E.

They are coupled by the relation £ = me2.

Q.6 Write down at least four sentences on the information technology.

Ans. Information media and fast means of communications have brought all parts of
the world into a global village. Science and technology are a potent force to
change the outlook of mankind. Computer networks are products of chips
developed from the basic ideas of physics.
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Q.7 What is a “Physical quantity”?
Ans. Physical quantity is the quantity, in terms of which, the laws of physics are
expressed, e.g. mass, length, and time, velocity, force, temperature, and

electric current, etc.
Physical quantities are often divided into two categories: base quantities
and derived guantities.
Q.8 What are base quantities? How they are measured? Explain the meaning of the term base unit.

Ans. Base quantities are certain physical quantities such as length, mass and time.
These quantities are not defined in terms of other physical quantities.
The base guantities are the minimum number of those physical quantities in
terms of which other physical quantities can be defined.

b) The measurement of a base quantity involves two steps: first the choice of a
standard, and second, the establishment of a procedure for comparing the
quantity to be measured with the standard. The ideal standard should be
accessible and invariable.

Base unit is a reference value of a quantity used to express other values of the
same quantity. It is not derived from other units. There are seven base units for
various physical quantities namely: length, mass, time, temperature, electric
current, luminous intensity and amount of substance.

0.9 What do you mean by a unit? Sometimes length of objects is measured in units of
hands. Why this is poor standard of length?
Ans. Unit is a reference value of a quantity used to express other values of the same
quantity. It is used for the measurement of a physical quantity.
b) The size of human hand varies from person to person, so the length measured

will be different for different hands.

Q.10 How many different kinds of units are in SI system? Write down names of seven base units.
|Alt. Which quantities are measured in terms of the base uniis of SI units? Name these
quantities along with their units of measurement. |
Ans. Sl system is built up from three kinds of units: i) base units, ii) supplementary
units, & iii) derived units.
The seven base units for various physical quantities in Sl system are: metre
(for length), kilogram (for mass), second (for time), ampere (for elecrric
current), Kelvin (for thermodynamic temperature), candela (for intensity of light)
and mole (for amount of substance).
[Length, mass, time, electric curient, temperature, intensity and amount of
substance are measured as base units]

Q.11 What is meant by derived units? Define radian and steradian. Are they the base
units of system international?

Ans. Derived units are the units of physical quantities expressed in terms of
fundamental units. Examples are velocity, acceleration, force, etc.

b) Radian is the plane angle subtended at the centre of a circle by an arc equal in

length to its radius.
Steradian is the solid angle (three-dimensional angle) subtended at the center
of a sphere by an area of its surface equal to the square of radius of the sphere.
For the time being, radian and steradian are not base units of Sl system.




Q.12 Write down some points which should be kept in mind while using units.
Ans. Some conventions for indicating units are:
i) The symbol of unit named after a scientist has initial capital letter.
ii) The prefix should be written before the unit without any space.
i) A combination of base units is written each with one space apart.
iv) Compound prefixes are not allowed.
v) Measurement in practical work should be recorded immediately in the most
convenient unit.

Q.13 Name three units which are after the names of the scientists and express them in
ferms of base units.
Ans. i) N (Newton), unit of force.
F=ma or IN=lkgxlms® =kg ms”
i) W (Watt), unit of power.

Ljoule g

work
Power = — or | watt =

time Isecond
i) J (Joule), unit of energy
Work =Fxd or1joule=1newtonxImetreor 1J=Nm

Q.14 Which quantity is defined in the unit of light year? Define light year and convert it
into ST unit of that quantity. Are there more micro seconds in a year than there are
seconds in a year?

Ans. Large distance is measured in the unit of light year. It is the distance that light
travels through space in one year; equal to 9.46 x 10" meters.

S=vt or 1 light year =3x10°x (1x60x60x24x 365 sec) = 9.46x10" m

b) Yes, there are more micro seconds than seconds in a year.
Number of seconds in a year =1x60x 60x24x365 sec = 31.54%10° sec

No. of micro-seconds in a year =1x60x60x24x365x10° sec = 31.54x 10" u sec

Q.15 Calculate the amount of energy equivalent to one kilogram of mass, according to
Einstein’s equation. Can weight be measured in terms of units of mass? If not why?
Ans. From Einstein's mass-energy equation:
E=mc’=1kgx(3x10°ms™)* =9x10" J

b) Weight is the force by which a mass is attracted to the Earth.
Mathematically ~w=mg =kgms? = N (newton)
The weight has derived units, but mass has basic unit. So weight cannot be
measured in units of mass.

Q.16 How many nanometers are in a kilometer and kilo metres in a nanometer?
Also express joule in terms of base units.

107

107

I nm= lO’qmle"gx% =10"%10°'m =10"" km

Ans. 1km=10°m =10’ =10 %10"m=10" nm &

1 Joule =1 newton x 1 metre =1lkgx1ms™x1m =lkgm’s™
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Q.17 State the possible causes of error in a measurement.
Ans. The error may occur due to:

i) negligence or inexperience of a person,

i) the faulty apparatus,

i) inappropriate method or technique.

Q.18 State the possible causes of uncertainty in a meastrement.
Ans. The uncertainty may occur due to;

i) inadequacy or limitation of an instrument,

ii) natural variations of the object being measured,

iii) natural imperfections of a person’s senses.

Q.19 Distinguish between a random error and a systematic error in the measurement of a
physical quantity.

Ans. Random error is the error due to fluctuations in the measured quantity. It is said
to occur when repeated measurements of the quantity, give different values
under the same conditions.

Systematic error is the error due to incorrect design or calibration of the
measuring device. It refers to an effect that influences all measurements of a
particular quantity equally. It produces a consistent difference in readings.

Q.20 What is random error and its cause. How can it be reduced?

[Alt. Why do we a take a large number of observations while performing experiment? |

Ans. Random error is the error due to fluctuations in the measured quantity. It is said
to occur when repeated measurements of the quantity, give different values
under the same conditions.
To reduce the effect of random error, we should repeat the measurement
several times and take an average of these values.

Q.21 What is systematic error?. How can it be reduced?

Ans. Systematic error is the error due to incorrect design or calibration of the
measuring device. It refers to an effect that influences all measurements of a
particular quantity equally. It produces a consistent difference in readings.
Systematic error can be reduced, by comparing the instruments with another
that is known to be more accurate.

Q.22 How readings are taken in practical work? Are systematic and random errors are
actually experimental values?
Ans. Measurement in practical work should be recorded immediately in the most
convenient unit.
Yes, both random error and systematic errors are actually experimental values.

Q.23 What do the terms random error and systematic error mean?

Ans. Random errors are minor experimental or accidental errors due to judgment
and cannot be controlled. They can be reduced by repeating the measurement
several times and take an average of these values.

Systematic errors are constant errors, which cause all results to be incorrect by
roughly the same amount. They can be reduced, by comparing the instruments
with another that is known to be more accurate.




Q.24 What is scientific notation? What is the advantage of improving the quality of a
measuring instrument and techniques?

Ans. Numbers are expressed in standard form called scientific notation, which
employs powers of ten. The accepted practice is that there should be only one
non-zero digit left of decimal. Example: 2.32 x 107

b) By doing so, we can measure the result up to more significant figures and so
improved the experimental accuracy of the result.

Q.25 What are significant figures and what information we get? How many significant
figures are there in 62.3 cm, 62.4 cm and 62.5 cm?
Ans. In any measurement, the accurately known digits and the first doubtful digit
are called significant figures. These are known to be reasonably reliable.
The information is, the significant figures tell us how accurate measurement
can be made.
There are three significant figures in each of the given terms.

Q.26 What is meant by measurement? How can we indicate uncertainty or accuracy?
Does a change in unifs of a measurement have any effect upon its significant figure?
Ans. It is a combination of numerical value and the name of the unit.
Counting the number of significant figures indicates uncertainty or accuracy.
No, change of units has no effect upon the significant figure.

Q.27 What are the rules in deciding the significant figures ?
Ans. a) All nine digits (1,2,3,45,6,7,8,9) are significant.
b) Zero is significant between two significant figures.
c) Zeros to the left of significant figures are not significant.
d) Zero to the right of a significant figure may or may not be significant.
i) In decimal fraction, zeros to the right are significant
i) In integers, the number of significant zeros depends upon the accuracy of
the instrument.
e) Figures other than the powers of ten are significant.

Q.28 A sphere has diameter equal to 2.25 cm as measured by vernier calipers of least

count 0.01 cm. What will be its volume with the uncertainty in its measurements?
Ans. The volume V will be:
, 4 .

Vet o ixn’.x(g)” :—x3,14x(£

3 3 2 3 2
least count . 100 0.01
measurement 100 6.13

) =6.13cm’

& % age uncertainty = %100 per cent = 0.16%

Q.29 In rounding off a figure, what rules are followed? Round off the figures 2.85, 2.38,
2.35 & 2.74 upto one decimal point.
Ans. The following rules are followed.
a) If first digit dropped < 5, no change in last digit.
b) If first digit dropped > 5, the last digit is increased by one.
c) If dropping digit is 5;
i) increased by one, for odd previous digit,
ii) retained as such, for even previous digit.

Rounded off figures will be: 2.8,2.4,2.4 &2.7.




10

Q.30 What will be the uncertainty in a time period T for a time of 30 vibrations is 51.3 s
recorded by 1/10™ of a second stopwatch?
Ans. The uncertainty in time period T will be:
Least count of timing device A 0.1 —0.003 s
No. of vibs. 30
51315

-

)
Q.31 In calculations, what rules are followed for rounding off the result?
Ans. In the result, for multiplication and division, keep the number contained in the

least accurate factor.
And for addition and subtraction, the number of decimal places retained in the

answer should equal smallest number of decimal places in any of the quantities.

uncertainty in T =

& quoted as T = time period + uncertainty = 1.71 + 0.003 s

Q.32 Three numbers are given i.e., 6.435, 2.347 and 0.7. Add and multiply them, and
round off the resuli.
Ans. Addition will give:
6.435
2.347
0.7 .
9.482
The answer will be rounded off to one decimal place as 9.5.
& Multiplication will give:
6.435x 2.347x 0.7 = 10.572
The result will be rounded off as 10.6.

Q.33 How uncertainty of many values are determined? Calculate mean deviation of the

readings 2.10 mm, 2.12 mm & 2.23 mm.
Ans. The uncertainty is determined by taking mean deviation, which is the mean of

each deviation from average value.

¥ deviation from average

Mean Deviation = -
No. of readings

2.10+2.12+2.23

We have, Average = 7 =2.15
Each Deviation: (2.15-2.10),(2.15-2.12) & (2.23-2.15) is: 0.05, 0.03 & 0.08
_ 0.05+0.03+0.08
Mean Deviation: ————————=0.05

2
So Uncertainty in the reading is: 2.15 £ 0.05 mm

Q.34 Whatis difference between precision and accuracy of a measurement?

Ans. A precise measurement is the one, which has less absolute uncertainty.
Precision (or absolute uncertainty): In measurements considering the
magnitude of error. The less magnitude of error gives more precise
measurement; it is equal to the least count of the measuring instrument.

An accurate measurement is the one, which has less fractional uncertainty.
Accuracy: In measurements considering the relative error. The less relative
error gives more accurate result.

Precision depends upon instrument and accuracy depends upon fractional error.
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Q.35 What do you mean by a unit, dimensions and dimensional formula of a physical
quantity? Which one is easy to work with, SI units or in dimensions?

Ans. A unit is a standard, which is used for the measurement of a physical quantity.
The dimensions of a physical quantity show the relation between that quantity
to the base quantity. It is a measurement of any sort; especially length, height
and width. Each base quantity is considered a dimension denoted by a specific
symboal written within square brackets.

Dimensional formula is derivation of a relation by correct guessing of factors on
which physical quantity depends.
It is easier to work in Sl units than to work in dimensions.

Q.36 What is dimensional analysis in a physical quantity?
Ans. Using the method of dimensions called the dimensional analysis.
We can check the correctness of a given formula or an equation and can also
derive it. Dimensional analysis makes use of the fact that expression of the
dimensions can be manipulated as algebraic quantities.
Dimensional analysis is a technique whose main uses are:
a) to test the probable correctness of an equation between physical quantities,
b) to provide a safe method of changing the units in a physical quantity,
¢) to solve partially a physical problem whose direct solution cannot be
achieved by normal methods.

Q.37 Is it possible to have two quantities with the same dimensions but different units?
Give examples to support your answer.

Ans. Yes, two quantities can have same dimensions but different units, e.g.,
i) Work & torque: Work = W =F-d =Fd = [F]x[L]=[MLT?]x[L] =[ML'T*]
& torque = T=TxF =1xF=[L]x[MLT?]=[ML*T?]

ii) momentum & impulse: Momentum = p=mv=[M]x[v]=[M]x[LT"]=[MLT"]
& Impulse = I=Fxt=Fxt=[F]x[t]=[MLT]x[T]=[MLT "]

Q.38 When an equation is dimensionally correct? And if it is dimensionally correct, does
it mean that equation is necessarily correct?

Ans. When dimensions of both sides of the equation are the same, then the given
equation is dimensionally correct.
An equation, which is dimensionally correct, may not be necessarily correct
because of difference of numerical value on other side.

Q.39 What is the principle of homogeneity ?
Ans. According to principle of homogeneity, the dimensions of the quantities on both

sides of the equation should be same, irrespective of the form of the formula.
It is used to check the correctness of an equation.

Q.40 Write two drawbacks of dimensional analysis.
Ans. i) The numerical value of the constant cannot be determined by dimensional
analysis.

ii) It cannot be applied to physical quantities involving the trigonometric and
logarithmic functions.
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Q.41 How do you check a formula for dimensional consistency? State twe ways in wiicl
an equation that is dimensionally consistent may be physical incorrect.

Ans. The success for deriving a formula for a physical quantity depends on the
correct guessing of various factors on which the physical guantity depends.
For it, reduce both sides of the formula to the base units and compare.

b) The two ways are: i) The constants cannot be detected as they are dimensionless.
iy Some quantities are dimensionless, e.g., refractive index n & angle 6.

Q.42 The dimensions of torque are the same as that of energy. Explain why it would
nevertheless be inappropriate to measure torque in joules. State an appropriate unit.
Ans. Enerqy is a scalar quantity and its units are of work units, as the displacement of which
is measured in the same direction as the line of action of the force applied.
Torque is a vector quantity and its unit is Nm, as it is the product of force and
perpendicular distance from the axis of rotation. So it is inappropriate to
measure torque in joules.

Q.43 What is the dimension of angle?
Ans. The angle is dimensionless.
From S=r6, we have
9:§ or [OI:LL—|=1
r (L]
It shows that angular displacement is a ratio between linear distance and
angular distance, so it is dimensionless.

Q.44 Write the dimensional formula for power. If force times speed equals power, write
dimensional formula for the force.
Work Fd Nm kgms”xm [MLT?]x[M]

: [MLT™]
time t S S [T]

Ans. Power="P =

b) We have, Power = P=F-v=Fy

Work/ i
or force = F = E=__ Ame =A:l:m:N =kgms™ =[MLT™]
v distan CV IT/ m m
time s

Q.45 What is the ratio of dimensions of volume ‘v’ and area ‘A’ in terms of three
[fundamental quantities, mass, length and time?
Ans. Taking the ratio between volume V and area A:

3
VB e
m

2

A

. | [ R 3
Q.46 Prove that the equation x = Sar s dimensionally correct.

Ans. Applying dimensional analysis to the equation, x :%af

the dimensions of left side of the equation are:
x=m=[L] soassd (01
& the dimensions of right side of the equation are:

1 ) =2 2 —242
Eat“ =mstsesrsme e m=lL] 0 aas (2)

from equations (1) & (2), we conclude that the equation is dimensionally correct.
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Q.47 Show that the equation T =27 ’yg is dimensionally correct.

Ans. Applying dimensional analysis to the equation, T =2n f%

the dimensions of left side of the equation are:
T=1[T] e
& the dimensions of right side of the equation are:
_meter L

sec’ T2

A A e S

from equations (1) & (2), we conclude that the equation is dimensionally correct.

[2n =constant& g=a

! 1 - :
Q.48 Show that the equation S=vt+ Eal2 is dimensionally correct.

Ans. Applying dimensional analysis to the equation, S=vt+ %atz

the dimensions of left side of the equation are:

S [l - 3l (1)
& the dimensions of right side of the equation are:
- 1 2 _ ~l 1 -2 | =
v+t = [T 1]+[5LT T ]_[L]+[L]7[L] ..... (2)

from equations (1) & (2), we conclude that the equation is dimensionally correct.

Q.49 Show that the equation I' =ma is dimensionally correct.
Ans. Applying dimensional analysis to the equation, F = ma
the dimensions of left side of the equation are:

F=N=kgms? =[MLT?] ... (1)
& the dimensions of right side of the equation are:
ma=kgms” = [MLT’2 e (2)

from equations (1) & (2), we conclude that the equation is dimensionally correct.

1/2
- : . Fxl : ; ;
Q.50 Calculate the dimensions of {—} , and the dimensions of nuclear energy.
M

Ans. 1) The dimensions will be,

w1V W ; RV 5k ! a4
[%} :([F]x[l]x[M"])/" = ([MLT? |x[L]xM )K =[MLT »]/~ <[L}Ex[M]?
=[M%L%T"JX[L%}<[M%}:[LT"] Ans.
ii) The energy of any type is referred as work, so

Work = W =F-d=Fd=[F]x[L]=[MLT™]x[L]=[ML*T]
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Chapter 2

Q.1 What is vector quantity?

Ans. Vector or Vector quantity is a physical quantity that requires both a magnitude
in proper units and a direction for its complete description; Graphically it is
represented by a straight line, length of which is equal to its magnitude and
arrow-head shows its direction.

Q.2 Is it possible for two vectors of different magnitudes to have zero resultant?
If not, can three vectors be so combined? Also find resultant of equal vectors
to get same vector.

Ans. No, two vectors having different magnitudes cannot give a zero resultant.

b) Yes, three vectors can be combined to get resultant equal to zero.
According to head-to-tail rule, if tail of the first vector joins with the head of
the third (last) vector, then the resultant of all three vectors will be zero.

c) Fortwo equal vectors, take three sides of a triangle. The resultant of
two vectors will be the third side of the triangle.

Q.3 Wihen do two vectors have maximum and minimum resultant? What is the range for
two vectors of same magnitude equal to A?

Ans. The resultant will be maximum when two vectors are in the same direction
(parallel) and it is minimum when lie in opposite direction (anti-parallel).

b) For parallel combination, the magnitude will be double (2A), and for
anti-parallel it will be zero. So the range is between zero to 2A.

Q.4 Define component of a vector. Can a vector have a component greater than the
vector’s magnitude?

Ans. Component of a vector is the effective value of the vector in a given direction.
And rectangular components are the components along mutually
perpendicular directions.

b) No, a vector cannot have a component greater than the vector's magnitude,
because all components are part of original vector and are less than the vector.

Q5 If A+B =0, what can you say about the components of the two vectors?
A force of 10N makes an angle 30° with x-axis. What will be its x-component?
Ans. It shows that one vector is —ve of the other vector. As A+B=0 = A=-D ,
So their rectangular components are in opposite direction.
b) The x-component will be:
F =Fcos0=10xc0s30" =10x0.866 =8.66N

Q.6 If one of the components of a vector is not zero can its magnitude be zero? Explain.
|Alt. Will a vector be zero if one of its components is zero? |
Ans. If one of the components is not zero, its magnitude cannot be zero.

As the magnitude is given by: A=, /A] +A§
Inthe formula, if A, =0 & A =0, then A= JAl =A,

& if A, =0 &A_#0, then A=\JA] =A_. Itproves the result.
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Q.7  Under what circumstances would a vector have components that are equal in magnitude?
Ans. If the vector A is drawn in such a way that it makes an angle of 45° (or 135°,
225° 315%) with +ve x-axis, & if we draw rectangular components of the

vector, then their magnitudes are equal.
Since AR:ACOS45”:% & /—\},:Asin45ﬂ=i = A, =A,

V2

This means that 0 =45°%  for the angle between the rectangular components.

Q.8 What is position vector? The rectangular components of a point in space are (4, 6, ().
Write down its position vector and find its magnitude.

Ans. The position vector T is a vector that describes the location of a particle with
respect to the origin.
Position vector : T =xf+y]+zl%; [(46,0) means x = 4,y =6, z=0]

LE=4i+ 6}+ 0k =4i+ 6} is the required position vector

& its magnitude is: [f|=r=+/x>+y’+2 =# +6 +0° =452 =72

Q.9 Twe forces E and E, acting at right angle to each other. Find the expression for

resultant force.
Ans. Suppose F is along x-axis and F; is along y-axis.
F, =F, +F, =Fcos0’ +F, cos90° =,

& F,=F, +E, =Fsin0’+Esin90° =F,

so the resultant: F=F}+F = +F

Q.10 Two forces T, =3N and E =35N act on an object in opposite direction. What is the

resultant force? Under what circumstances direction of resultant will coincide?
Ans. The forces are acting in opposite direction to a body so net resultant force is:
F=F-F=5-3=2N
b) It happens when the two forces are acting parallel to each other.

Q.11 Two forces act together on an object. Suggest the angle at which the magnitude of
resultant force is least.
Ans. For anti-parallel forces, i.e., = 180, the resultant will be minimum.
F=F +(-E)=F-F,
for equal forces: I =L, =I'=0
& for unequal forces, let I, > I, so F=F-F

Q.12 Define resultant vector. Can the resultant of two vectors have a magnitude smaller
than the magnitude of either?
Ans. The resultant of a number of similar vectors is the single vector, which would
have the same effect as all the original vectors taken together.

b) Yes, when 6 > 90°, the resultant will be smaller than the magnitude of either of
the similar vector.
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Q.13 What is Rectangular coordinate system? Will the value of a vector quantity change
if the reference axes are changed?

Ans. Rectanqular coordinates or Cartesian coordinates referred to three mutually
perpendicular straight lines.
In x-y plane, two lines drawn at right angles to each other are known as
coordinate axis and their point of intersection is known as origin.

b) No, the value of a vector quantity does not change if the reference axes are
changed. A vector constitutes a direction and the magnitude. By changing
reference axis, the orientation of the vector will remain same. Also the
magnitude of the vector will be unaltered.

Q.14 Explain head to tail rule of vector addition.

Ans. Draw the representative lines on a suitable scale of the vectors to be added.
Addition of vectors ( by head-to-tail rule) is obtained by drawing these
representative lines in such a way that tail of first vector coincides with the
head of the second vector and so on. Join tail of first vector with the head of
last vector. This joining vector will represent the vector sum.

Q.15 What is the effect on a vector A when it is multiplied by a number n when
P)yn>0, i) n<0.
Ans. i) When A is multiplied by a +ve number (n > 0), the magnitude will be nA
and its direction will be same as of A .
i) When A is multiplied by a -ve number (n < 0), the magnitude will be nA
but its direction will be opposite to that of A .

Q.16 What are the characteristics of two equal vectors? When is the magnitude of their
resultant is same as that of either vector?

Ans. Two vectors A and B are said to be equal if they have the same magnitude
and direction, regardless of the position of their initial points.

b) Let 0 be the angle between the two equal vectors (say) A
Resultant R is also equalto A,so R=A+A =A
The magnitude of the resultant will be:
AP =(A+AY = A+ A’ +2AAcos0=2A% + 2A% cosB = 2A% (1 +cos0)

or A2:2A3(1+0039) or %:1+c050

or  cosB :—% = 0=120°

Thus for the equal vectors, of the resultant of same magnitude, the angle
between them is 120° .

Q.17 Vector A lies in the xy-plane. For what orientation will both of its rectangular
components be negative? For what orientation will its components have opposite signs?
Ans. If the vector A lies in the 3" quadrant then both of its rectangular components
will be negative.
b) If the vector A lies in the 2" or 4" quadrant then the signs of its rectangular
components will be opposite to each other.
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Q.18 When is the relationship A+B=A-B correct? If A and B are the vectors lying
in yz-plane, find their resultant R .
Ans. It is correct, when B=0 thatis B is a null vector, in the given relation.
or when A=0 & B=-B ie. A isnull vector & Bin opposite direction
b) Iny-zplane A and B are expressed as:
A=Aj+Ak & B=Bj+Bk
so resultant: R =A+B=(A,j+Ak)+(B,j+Bk)=(A, +B,)j+(A, +B,)k

Q.19 What are coplanar forces? Can a vector directed along x-axis have y - component?
Ans. The forces that lie in a single plane are called coplanar forces.

b) No, a vector directed along x-axis have no y-component.
As the angle between the vector and x-axis, 0 = 0.
So F, =F sind =Fsin0® =0

Q.20 What is the significance of unit vector? Can a unit vector lhave units and magnitude?
Ans. Unit vector is a vector in a given direction with magnitude one in that direction.
It is used to indicate the direction of any given vector. Mathematically,

it is obtained by dividing a given vector by its magnitude; A= % ;

Unit vectors 1 _] & k are along x-, y- & z- axis respectively.
b) Yes, a unit vector have units, and it has magnitude equal to unity.

Q.21 What is the unit vector in the direction of vector A=4di+ 3] ? Also calculate its magnitude.
Ans. The unit vector in the direction of A will be:
A 4i+3] _4i+3j_4i+3]_4: 3:

o = i

A g3 25 5 505

& its magnitude: ‘A‘:iﬂéﬂj: & +2] = [E+i:1
5 5 5 25 25

.22 What is the angle between the unit vectors I,] and k ? What is indicated by the

A-

angles o, Band y ?
Ans. The unit vectors 11 and k are mutually perpendicular to each other. So the

angle between any two of the given unit vectors is 90°,
The angles o, f and v are the angles made by a three dimensional vector

with x-, y-, & z-axis respectively.

Q.23 What will be the orientation of the two vectors A and B, if the magnitude of their

resultantis i) A + B, i) zero.
Ans. i) The vectors should be parallel, if the resultant is A + B.

ii) The vectors should be equal in magnitude but opposite in direction.
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Q.24 Does a vector having zero length have a direction? Give an example,
Ans. Yes, zero length (magnitude) can have arbitrary direction. Such a vector is
called null vector.

b) When a vector is added with its negative vector, we get a vector called null vector.

Q.25 Can we talk of a vector of zero magnitude? Is if justified to define such a vector?
Ans. Yes, we can talk about a vector of zero magnitude. That vector is called null vector.

b) Yes, itis justified to define such a vector. According to vector addition, when two
vectors are added, we get a vector quantity. If two vectors A and A are equal,
then A+(-A)A-A=0
where R.H.S. is a null vector. If we write a scalar zero, we are equating a
vector with a scalar which is not justified.

Q.26 How can you represent a vector graphically, when you are given the direction but
not the magnitude and if magnitude but not direction?

Ans. By drawing a straight line of arbitrary magnitude in the given direction, we can
represent that vector graphically.

By drawing a circle of radius equal to the magnitude of that vector. The length of the
radius will be the magnitude and direction will be anywhere batween 0 and 360°.

b

cE

Q.27 Can the magnitude of the resultant of two vectors be greater than the sum of the
magnitude of the individual vectors?

Ans. No, the magnitude of the resultant of two vectors cannot be greater than the
sum of the individual vectors.

The resultant of two vectors has maximum value for parallel vectors (6 = 0)

In this case the resultant will be equal to individual vectors. (maximum value),
Even here, either of the vector will have less magnitude.

Q.28 What will happen when a vector A is multiplied by a negative number 3 ?

Ans. When A is multiplied by -3, we get —3A .
The magnitude of the vector is increased by a factor 3, but the direction is reversed.

Q.29 A body of mass m is moving in the downward direction to an inclined plane making
an angle 0 to the horizontal. Find the magnitude of the resulfant force.

Ans. The resultant force R will be:

R =mgsin0—f

where mg is the weight of the body, 0 is the angle made by inclined plane & fis
the frictional force.
mg sind is the component of the force (weight, mg) along the direction of
motion which is parallel to the inclined plane.

Q.30 Two vectors of magnitudes 3N and 5N act in opposite directions. What is the
resultant of these two vectors? If the same two vectors happen to act in the same
direction, what will be the resultant then?

Ans. When vectors 3N and 5N act in opposite directions, the resultant will be:

5N — 3N = 2N, in the direction of 5N vector.

When vectors 3N and 5N act in same direction, the resultant will be:
5N + 3N = 8N , in the same direction of the vectors.
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Q.31 Twe cars are moving with velocity v ms™ due east and north respectively, What is
the difference between their velocities?
Ans. Let A=vms' ducEast & B=vms' dueNorth
& let R be the difference between the velocities.
since ‘f{‘ =R=R]+R]

& R,=A+Bcos90’'=A=v & R, =Asin0’+Bsin90’ =B =v

s0 R=vA2+B? =/v? +v% =2v% =2 vms’

R
& tanO:R—y:X:l = 0=45

X v

Q.32 Work out the angle between a and b if ‘ﬁ + 5‘ = ‘5— B‘.

If a-b=0, can it be concluded that 3 & b are perpendicular to each other?
Ans. Taking [+ b|= |i-b|

Squaring both sides,

—~2 -2 — — = =
Jam\ =‘5—b‘ or (A+b)Ya+b)=(@G-b)E-b)

or a’+b'+2i-b=a’+b*-2d-b or 4d-b=0

or db=0= 0=90"

b) since A-B=ABcosO or cosB:Q:@:O = 6=90"

AB ab
and 0 = 90° shows that & & b are perpendicular to each other.

Q.33 Define scalar or dot product. Show that scalar product is commutative.

Ans. The Scalar or dot product of vectors A and B is the scalar quantity obtained
by multiplying the product of the magnitudes of the vectors by the cosine of

the angle between them. Mathematically, A B=ABcos@
b) According to commutative law: a*b=b*a,
For the vectors A and B, applying the law,
A -B=ABcos0=BAcosO=B-A
or A-B=B-A, proves the commutative law.

Q.34 What are the possible cases for AB=0?

[Alt. Is it possible to have dot product of vectors zero when neither of them is null vector?|

[Alt. Under what condition the dot product of twe vectors will be equal to zero if both the
vectors itself are non-zero vectors?

Ans. The possible cases are:

a) A-B=ABcosf= 0 =0=90°,
shows A & B are perpendicular to each other.
b) A-B=A.0=0, showsthat B is null vector.
c) A-B=0-B=0, showsthat A is null vector.
d) A-B=0-0=0, showsboth A and B are null vectors.
[The dot product of two non-zero vectors will be equal to zero only when they
are perpendicular to each other and in that case 6 = 907
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Q.35 Suppose A is a non zero vector. If A-B=0 and also AxB =0, where B is an

unknown vector. What can be concluded about B ?
[Alt. Suggest a condition to satisfy that both products are zero. |

Ans. Taking A-B=ABcos90’= 0 = A & B are perpendicular to each other.
& AxB=ABsin®f=ABsin0’=0 = A & B are parallel
A and B cannot be perpendicular and parallel at the same time,
so we conclude that B is a null vector.

Q.36 Write the different possibilities that could make A, x A, =0?

[Alt. If AxDB =0 does it follow that A and B are necessarily parallel to each other?
Is its reverse frue? |

[Alt. If the cross product of two non-zero vector A and B is zero, then what will be the

angle between the vectors A and B?)
Ans. The cross product of two vectors can be expressed as:

a) A, ></‘;2 =AA,sin0" A =0 = both vectors are parallel [0 = 0°]
b) A, xA,=AA,sin180° i=0 = both are anti-parallel [0 =180°]
c) A xA,=(0)A,sin0i=0 = A, iszero
d) A,xAE =A,(0)sinBn=0 = A, is zero

Q.37 If AxB has the maximum magnitude, then what is the angle between A and B.
What is the direction of the resultant of AxB.
Ans. We have AxB=ABsinf
For maximum value of sin® is 1 which corresponds to 6 = 90°
So AxB=ABsin90" i =ABAf
By applying right-hand-rule, the direction of the resultant of AxB will
perpendicular to the plane containing A and B,

Q.38 Can a scalar product of two vectors be negative? If so, give an example.
[Alt. Show that work done against frictional force is negative. ]
Ans. Yes, scalar product of two vectors can be negative.

When 6=180", both the vectors will be in opposite directions.
A-B=ABcos180° = AB(-1) = —AB
b) Example:
Work done by force of friction. As * f ' always act opposite to displacement.
Work = F-d = Fdcos® = Fd cos180° = —Fd

Q.39 Find the scalar product of i) two parallel vectors, ii) two anti-parallel vectors,
iii) two similar unit vectors.
Ans. The following are given different cases:

i) for two parallel vectors: A-B=ABcosd = ABcos0" = AB
ii) for two anti-parallel vectors: A-B=ABcosf = ABcos180° = AB(-1) =—AB

i) for two similar unit vectors: 1B =!f”i"‘cos(]” =1xIxl=1
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Q.40 A force F= 4+ 3] units has its points of application moved from the point A (2,3)
to the point B (8,7). Find the work done. Can you name a cross product of two
vectors, which has same units & dimensions as work?

Ans. Work is product of force and component of displacement in the direction of force.

Wehave d=i-& [5=2i+3] & r,=8i+7] |
or d=(8i+7))-(2i+3]))=6i+4]
& work done =W = F.d=(4i+3])-(6i+4]) =4x6 + 3x4 =36 units
b) Torque has the same units and dimension as of work.
Work = W =F.d=Fd =Nm =[F]x[L]=[MLT?]x[L]=[ML*T"]
torque = t=FxF=rxF=Nm=mN =[L]x[MLT?]=[MLT?]

Q.41 Find the scalar product of any two vectors lying perpendicular to each other.
What is the scalar product of a vector with itself? What about its angle?
Ans. The scalar product of any two vectors lying perpendicular to each other will be:

A-B=ABcos0=ABcos90" = AB(0) =0
b) The scalar product of a vector with itself is the self-product of a vector A
& is A-A=AAcos(’=A’
It is equal to square of its magnitude.
¢) The angle between the self scalar product 0° .

Q.42 Prove that i-i =33=1212 =1
Ans. The self-product is equal to square of its magnitude.
ii=iicos0’ =i2(1)=12(1) =1 [H:i:l]
similarly -} =jjcos0° = £y =12(1) =1 [|j| =j=1]
& k-k=kkcos0® =k*()=13(1) =1 [‘12|=k =1
The above relations proves: ii= ]] =k-k=1
Q.43 Name some physical quantities which are i) scalar product of two vectors,
i) vector products of two vectors.

Ans. Physical quantity is the quantity, in terms of which, the laws of physics are
expressed, e.g. mass, length, and time, etc.

i) Some of the physical quantities making scalar product are:
Work =F- a; PE W-d= mgh; electric pot. difference =AV = E-AT;

and magnetic flux =6, =B-A & electric flux =¢,_ =E-A

gravitational —

i) Some of the physical quantities making vector product are:
torque =T=TxF: angular momentum =1, = x P
& force on a moving charge: F‘mmg e =q¥xB
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.44 Define vector or cross product. Show that AxB=-BxA & hence show that it does

not obey commutative property?

Ans. The vector product of two vectors (say) A and B are perpendicular A and B

is defined to be a vector such that:
i) its magnitude is A B sin 6, 6 being the angle between A and B

ii) its direction is perpendicular to the plane of A and B and can be
determined by right-hand-rule. Mathematically, Ax B = ABsin® i

b) taking AxB=ABsinda=C
from right-hand-rule, direction of resultant will be (say) upward.

& BxA=BAsin0fi=-C
from right-hand-rule, direction of resultant will be (say) downward.

It proves that ~ AxB=-BxA

c) According to commutative law: a*b=b"a,
For the vectors A and B, applying the law,

We see that AxBzBxA
It show that cross product does not obey commutative law.

[lllustration with the help of diagram is more understandable]

Q.45 Write kinetic energy, K.E. =7 m , in terms of scalar product of two vectors.

If A=2i+ 3j , what is square of this vector?
Ans. Kinetic Energy is the energy possessed by a body due to its motion.

KE.= imv2 = %m(? X V) [Vx¥=v" ——called self product |

b) The scalar product of a vector with itself is the self-product of a vector A
& is A-A=AAcos0"=A’
so A-A=(i+3))-2i+3) =4 -D+6G-D+6G-D+9G-1)

or A’ =4(1)+6(0)+6(0)+9(1) =13

Q46 If }—:‘ =3 cm and E =6cm. Lef ]:] is at angle of 30° while l:’2 is lying at an angle of
120° with rgspectfo XX respgctive[y, then find their dot product. Also find A-B,
if A=Ai+A ) and B=B,i+Bj.

Ans. Calculating the dot product,

F-F, =FF, cos® = (3)(6)cos90° =18(0)=0 [0=0,-6, =120° =30 =90°]
b) Calculating A-B, we have
A-B=(Ai+A) B,i+B)=ABGD+ABG D+ABGD+ABG )
or AB=AB ()+AB (0)+AB (0)+AB (1)=AB +AB,
Q47 If A=5i and B=2],find A- B and AxB.
Ans. i) we have A-B=(5)2)=(@d-D=100)=0  [i-j=0. as6=90"]
ii) we have AxB=(51)x(2]) = (5)(2)(ix ) =10(k) =10k
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Q.48 How one can find value of the angle made by the two vectors in case of dot product?
Find the angle between the vectors A and B having values:
A=3i+4j+5k and B=5i+4j+3k.

Ans. Since A-B=ABcos0 or PN o D=tos? z?\;
b) To determine the angle, using
or cosgo B _Gi+4i+Sk)(Si+dj+3k) _15+416+15 46 _, o)

AB  Or16+25xy25416+9 +50x+450 50
or BG=cos'(0.92) =23

Q.49 Find the projection of vector A =41—8]+2k in the direction of B =41 -3]-12k.
Ans. By definition  A.B=ABcos®
& the projection of A on B = A cos0,
AB_ (41-8]+2k)-(41-3]-12K) _ (4x4)+(-8x-3)+(2x-12)
B V# + (=37 + (120 V169
16+24-24 16

or Acosf=———=—=1.23
13 13

Acosf=

Q.50 If A= A,{ + ,E\;] & B= B,; + Ez] , then what will be the direction of the cross
product of the two vectors A and B ?
Ans. Since both vectors A and B lie in x and y plane along the direction of
i and j therefore by right-hand-rule, the direction of vector AxB must lie

along z-axis by a unit vector k. It shows that the cross product always lies
perpendicular to the plane of the two given vector.

Q.51 How can the cross product of A and B be expressed in determinant form if the
vectors are three-dimensional? What is vector area?
|Alt. Express the following cross product in determinant form.

AxB=i(A,B,—A,B)+](A,B, ~AB,)+k(AB,—AB) |
Ans. Determinant is mathematical notation consisting of a square array of

numbers or other elements between two vertical bars; the value of the
expression is determined by its expansion according to certain rules.

i T

AxB=lA, )

T > =

J
AV
B,

=

X z

b) An area having imaginary unit normal on its surface, which gives the
orientation of the area, is called vector area.

Area of a parallelogram will be AxB, and its direction is normal to the surface.
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Q.52 What is meant by center of gravity of a body & center of mass? What will happen if
the line of action of the weight of an object lies outside the base of the object?

Ans. Center of gravity of a body is that single point through which the line of action of the
weight passes, at which all the force of gravity can be considered to be acting.

b) Centre of mass is a point in a body at which whole mass of the body may be
considered to act.
When an object is suspended, it will come to rest with its center of mass
directly below the point of suspension.

c) If the line of action of the weight of an object lies outside the base of the object,
then the object will tend to fall over because it is unstable.

Q.53 What is torque? Give its SI units & dimension. When it is positive or negative ?
What are the three conditions when torque is zero?
Ans. Torque is the product of the force and its moment arm. It is a vector quantity.
ltis given by: t=ixF=rxF=Nm=mN=[L]x[MLT*]=[ML'T~]
b) Sl units of torque is N m & its dimension is {MLZT'Z]

c) The torque which tends to rotate a body in the anti-clockwise direction is taken
as positive and the clockwise torque is taken as negative.
d) The three conditions when torque is zero:
i) If the body is at rest
i) If the body is rotating with uniform angular velocity.
iii) When the line of action of applied force passes through the axis of rotation.

Q.54 Compare the torque and force as each other’s counterpart.
Ans. Torque is the product of the force and its moment arm. It is a vector quantity.
It is given by: T=7xF [A turning force ]
Force is that which preduces or prevents motion, or has a tendency to do so.
It is given by: F=md [linear acceleration corresponds linear force]
Torque is the counterpart of force for rotational motion. Just as force determines

the linear acceleration produced in a bady, the torque acting on a body
determines its angular acceleration.

Q.55 For angular acceleration to be zero, what should be the net torque acting on the
body? Under what condition the torque acting on a system is zero?
[Alt. Is it possible that a force directed to a particular point produces the torque about the
same point?)
Ans. If the net torque acting on a body is zero, then the angular acceleration will be zero.
b) The torque acting on a system will be zero, when the line of action of the force
passes through axis of rotation, i.e., when moment arm is zero.

Q.56 Can a central force give rise to a torque about that poini?
[Alt. What is the torque of a force about the point lying on the axis of rotation. |
Ans. Central force is a force that acts on any affected object along a line to an origin.
No, central force cannot produce any torque, because in this case, the force is
directed towards the same point. So F and T are anti-parallel to each other.
The magnitude of the torque will be:
[{|=t=rFsin6= Fsin180° =1F(0)=0 [0 =180" —being anti-parallel]
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Q.57 What is meant by a couple (or torque of a couple)? Give two examples of couple.
Ans. Couple is a pair of equal parallel forces in opposite directions and not acting
through a single point.
Itis the product of one of the forces and the perpendicular distance between
the two equal forces that act in opposite directions.
Their linear resultant is zero, but there is a net turning effect or torque.
b) The two examples of couple are:

i) The force applied on the handle of a bicycle to turn.
ii) The couple produced in Cavendish experiment for determination of G.

Q.58 Why brake drums of vehicles are of large diameters? A force of 20N is applied at the
edge of a wheel of radius 40 cm. Find the magnitude of forque acting on the wheel.
Ans. It is because of the moment arm. Since T=7xF .
Brake drums of large diameter have large moment arm so torque will be greater and
brakes are more effective than with a brake drum of small diameter and moment arm.

b) The magnitude of the torque will be:
[§| =t = 1Fsin© = (0.4m)(20N)sin 90" = (0.4m)(20N)(1) =8.0 Nm  [0=90" |

Q.59 What happened when some of all the forces acting on a body is zero?
How are equilibrium and resultant of a number of vectors is related to each other?

[Alt. What is the first condition of equilibrium?)
Ans. First condition of equilibrium is the sum of all the force acting on a body along x-axis

and along y-axis should be equal to zero. Mathematically
TF=0
or i) ZE =0 & i)ZF =0
If 1°! condition is satisfied, there is no linear acceleration and the body will be in
translational equilibrium. In this case the first condition of equilibrium is
satisfied, provided linear acceleration is zero.
b) Equilibrium and resultant of a number of vectors are equal and opposite to each other.

Q.60 State what is meant by equilibrium? When a body will be in a complete equilibrium?
What can be said about acceleration of a body, which is in complete equilibrivm?

|Alt. Write down the conditions for a body to be in complete equilibrium. |

[Alt. State conditions for equilibrium of a body, which is acted upon by a number of forces.

Ans. If a body, under the action of a number of forces, is at rest or moving with
uniform velocity, it is said to be in equilibrium.
For a body in complete equilibrium the sum of all the forces and torques acting
on the body must be equal to zero. That is, when there is no linear and
rotational acceleration in a body, then the body is said to be in complete equilibrium.

ie. 1) TF =0, TE=0 & 2) 2i=0
b) For a body to be in complete equilibrium, both linear and angular accelerations
should be zero.
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Q.61 Write conditions for i) translational equilibrinm, ii) rotational equilibrium,
iii) static equilibrium and iv) dynamic equilibrium.
A body in static equilibrium is also in translational equilibrium. Is it true? Is its

reverse true?
Ans. i) A body will be in translational equilibrium if the vector sum of all the forces

acting on a body equal to zero.

ii) A body is in rotational equilibrium if the sum of all the torques acting on it
equals to zero.

iiy A body is in a state of rest is said to be in static equilibrium.

iv) When a body is moving with a uniform velocity or rotating with a uniform
angular velocity, it is said to be in dynamic equilibrium.

b) No, a body in static equilibrium cannot be in translational equilibrium.

However the reverse is true.

Q.62 Explain why a particle experiencing only one force cannot be in equilibrium.
A particle is acted upon by a single force [ =2N. Is it in the state of equilibrinm?
Ans. From conditions of equilibrium,
ie. or 1) TE =0, ZE=0 & 2) £i=0
It shows that pair of action and reaction forces acts a body. The equilibrium
can only exist when sum of all the forces acting on a body is zero.
When one force is acting on a particle, equilibrium cannot exist, that’s why a
particle experiencing only one force cannot be in equilibrium.

b) This particle having a single force, F=2N will not be in equilibrium, as it does
not satisfy the following the two conditions of equilibrium.

Q.63 Give an example of a body, which is in motion, yet is in equilibrium.
Ans. Motion is continuous change of location of a body with respect to its surroundings.

i) A body moving with a constant velocity.

i) A paratrooper moving downward, (after jumping from an aeroplane).
The weight of the paratrooper is balanced by the upward reaction of air.
Thus, the parachute falls with nearly uniform velocity under equilibrium

Q.64 Can a force directed north balance a force directed east?

Ans. No, a force directed north cannot balance a force directed east.
Let F, be the force directed east which is along x-axis and F» be the force
directed north which is along y-axis, the angle © between them will be 90°.
Then I (F, +F,)= F =F cos0°+F, cos90° =F,

or X (F,+E,)=F, =Fsin0’+Fsin90" =F,

So the resultant magnitude will be: £ F=F=F +F =\F +F

The above calculations show that ZF=0
i.e. summation of all the forces is not equal to zero, but have certain value,
so they cannot balance each other.
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