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1 Write the order of following length in metres : 2
(1) R adius of earth.
(i1) The height of average man.
(i11) Thickness of sheet of paper.
(iv) The radius of hydrogen atom.

Ans :(i) 6.4 x 10°m
(i) 1.8 x 10° m
(iii) 1 x 10* m
(iv)5x 107" m

2 Write the order of following : 2
(1) Mass of a housefly.
(i1) Mass of average man.
(ii1) Mass of an electron.
(iv) Mass of earth.

Ans :(i) 1 x 107 kg
(i) 7 x 10" kg
(iii) 9.1 x 10731 kg
(iv) 6 x 10** kg

3 Write the order of following intervals in seconds : 2
(1) Time between two heart beats.
(i1) Time of earth’s revolution.
(ii1) Time of earth’s rotation.

(iv) Human life.
Ans :(1) 1 x 10 s
(i) 3 x 107 s
(iii) 8.6 x 10% s
(iv) 2 x 10%s
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4 Fill in the blanks by suitable conversions: 2

(1) G=6.67x 107" Nm?kg 2 = ............. cm?s2 g!

Ans :(i) 6.67 x 1078 cm? g ! 572
(i) 1.06 x 10716
(iii) 7.776 x 10*
(iv) 107

5A calorie is a unit of heat or energy and it equals about 4.18 J where 1 J =1 kg 2
m? s 2. Suppose we employ a system of units in which the unit of mass equals o
kg, the unit of length equals  m, the unit of time is y s. Show that a calorie has a

magnitude 4.2 o' 2 y2 in terms of the new units.

Ans :
1 calorie=4.18 J=4.18 kg m? s72

As new unit of mass = a kg, hence in terms of new unit 1 kg = % = ol

Similarly, in terms of the new unit of length | m ="' or I m? =p~2

In terms of the new unit of time 1 s =y~

o | S—Z — (,Y—l)—Z _ ,YZ
Hence, 1 calorie =4.18 kg m? s72 = 4.18(a ) (B2)(y?) = 4.1807 ' p2y?

. 1 1 .. .
6 Check whether equation F.8 = ;mng ~em u” is dimensionally correct, where

m is mass of the body, v its final velocity, u its initial velocity, F is force applied
and S is the distance moved.

Ans :F g = %:rm'2 - lmuz

2
LHS = [ML>T]
RHS = MLTP - 2 ] TP
ML*T?] = [ML? T — [ML? T

LHSE=RHS
Which is dimensionally correct.

7  Find the area of the circle of radius 3.458 cm upto correct significant figures. 2

Ans :Area = r’ = 3.141 x (3.458)?
=3.141 x 11.96
=37.5664 = 37.57 cm?
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8 Rule out or accept the following formulae for kinetic energy on the basis of
dimensional arguments:
N o 2
1) —muv
OF-

(11) % mv? + ma

Ans :KE = % mu?
Dimension of KE = [ML T
i7) Dimension of % mo? = [ML2 T2
Sinee dimensions of KFE
= dimensions of iﬁm v
It iz dimensionally correct.

a
(11l ;m:' + 1

Dimensions = [ML2*T2] + [MLT]
which is dimensionally incorrect.
9 Give the dimensional formula for surface energy, moment of inertia, angular

velocity and gravitational force.

Ans :Dimensional formula for :
Surface energy = [ML? T~2]
Moment of inertia = [ML?]
Angular velocity = [T']
Gravitational force = [MLT 2]

101t is claimed that two cesium clocks, if allowed to run for 100 years, free from
any disturbance, may differ by only about 0.02 s. What does this imply for the

accuracy of the standard cesium clock in measuring a time interval of 1 s ?

Ans :
100 years = 100 x 365 x 24 x 60 x 60 s =3.15 % 109 s

In 3.15 x 109 s, the two cesium clocks show a time difference of 0.2 s. Therefore,

in 1s the difference in the time shown by two clocks is W = 0.635 x 10°1°
s B 3

Hence, the degree of accuracy in measuring a time interval of 1s is 1 part in

0 635,101 or roughly 1 part in 10'°,
635 x

11The wavelength | associated with a moving particle depends upon its mass m,
its velocity v and Planck’s constant h. Show dimensionally the relationship
between them.

Ans :
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L= khOmbuc
MLITY = [ML2TY® (MPIILT
o Ia:+b1_2xz+|:~1_—a—:
Applying principle of homogeneity of dimensions
a+b=10
Za +c=1
—a—-c=10
colving the three equations, we get
a=1b=—-1,¢=-1

h=hl mipl
£ —
m
12When white light travels through glass the refractive index 2
| Velocity of light in air | | .
U= Velocity of Tight in glass, is found to vary with wavelength as
B
p=A+ —5» where A and B are constants. Using the principle of homogeneity
I
of dimensions, determine the SI unit in which A and B must be expressed.
Ans :A is a constant and have no unit and SI unit of B is m?.
130ut of formulae (i) y = a sin 2nt/T and (i1) y = a sin v¢ for the displacement y of 2
a particle undergoing a certain periodic motion, rule out the wrong formula on
dimensional grounds.
[where a = maximum displacement of the particle, v = speed of the particle, 7=
time period of motion. ]
Ans : (i) % have dimensions M.9T"
- y=a Hence correct.
(if) vt have dimensions M®L'T? not
dimensionless, so it is wrong.
14 If Length, Time and Energy are fundamental units, find the dimension of 2
mass.
Ans: KE -F = % m?
™ = |2 = BT
it
= ML TL™T] = M
2

15The photograph of a house occupies an area of 1.75 cm? on a 35 mm slide. The
slide is projected on to a screen, and the area of the house on the screen is 1.55

m?. What is the linear magnification of the projector-screen arrangement.
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ADS : Acrial magnification (m) = ke = 1201

ject 1.75cm
s m= 0858 =« 104
Linear magnification = +ym = 94.11

16 The radius of a solid sphere is measured to be 11.24 cm. What is the surface
area of the sphere to appropriate significant figures ?

AnS : r=1124 rm
Surface area = 4mr? = 4m(11 24)?

22
4 x — (11.24)°
7 L

= 1588 e’

17 Ifx = at + b2, where x is in metre and ¢ in hour, what will be the unit of ‘@’
and ‘b’ ?
Ans . x=at + -bfi

So. the units of a =§=m=hr

and b= —= m/(thr)®

B

18 The length and breadth of a rectangle are (5.7 £0.1) cm and (3.4 = 0.2) cm.
Calculate area of the rectangle with error limits.

Ans :
I =57+01cm
E=341+02 cm

Area =1b =57 x 34 = 19.38 cm® = 194 em?®

Mgt 8
s (EJ,EJ x 19.4
5.7 3.4
= (0.017 + 0059 = 194
=147 =15
So. A=1(194 + 15 eny’
19 IfA=(12.0+0.1)cmand B=(8.5+0.5) cm, find : 2
(i) A+ B (i) A—B.
Ans :(Ii)A+B=20.5+0.6 cm
(1)A-B=3.5+0.6cm
20Magnitude of force F experienced by a certain object moving with speed v is 2

given by F' = Kv? where K is a constant. Find the dimensions of K.
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Ans : [F] = MLT™

[v] = LT
F= E»’
MLT] = KE[LT >
= K[L*T]
- - poy
[L°T™]
21For the determination of ‘g’ using a simple pendulum, measurements of | and T 2
are required. Error in the measurement of which of these will have larger effect
on the value of ‘g’ thus obtained and why ? What is done to minimize this error
?
Ans :
Error in measurement of time period T has larger effect on the value of g.
Since T=2x I'i oY L,,
Vg T
Thus, time for large number of oscillations is measured to minimise error.
22Find the height of a rock mountain, if the angle of elevation of its top increases 2
from 30° to 45° on moving 100 m towards the rock in the horizontal direction
through the base of the rock.
Ans : ]
h
0" {45
D C X B
100 o
In A ABC, E: tan 45" = h ==z
X
In A ABD, = tan 30°
0+x
h _ i
100+k 43
13 h=100 + h
h=—20_ -50({3+1) =1365m
i3-1
23Percentage error in the measurement of height and radius of cylinder are x and y 2

respectively. Find percentage error in the measurement of volume. Which of the

two measurements height or radius need more attention ?

Ans :

https://gowebrachnasagar.com/print-questions-answer?orderedQuestions=%5B%7B"questionld"%3A"246989"%2C"questionMarks"%3A"2"%7D%2C... 6/27



2/15/26, 3:31 PM Test Generator
Height of cylinder = x
Radius of cylinder = y
Volume of cylinder ¥ = my?x

v, E'] %100

. AV (
Percentage error in measurement of volume 72 «100 = + [2—‘
¥y x

Hence, radius needs more attention because any error in its measurement is

multiplied two times.

24The length and breadth of a rectangle are measured as (a = Aa) and (b = Ab) 2
respectively. Find (i) relative error, (i1) absolute error in the measurement of
area.

Ans :
A4 _ e b
(1) Relative error in area A a b ] (i1) Absolute error in area
gas A=ab
‘Aa  Ab
AA = [? + T)E—‘L
= [E + E)ﬂb
a b
AA = [(Aaih + (Ab)a]
25 Using the principle of homogeneity of dimensions find which of the following 2
1s correct.
(i} T2 = 4n? 72
an’r®
(i) T? = =
G
2 3
i) 72 = 20T
GM

where T is the time period, G is gravitational constant, M is mass and r is

radius of orbit.

Ans : [T9] = T*
| M o
GM | MLT L
So, (#i1) 15 correct.
26The mean value of period of oscillation of a simple pendulum in an experiment 2

is 2.62 s. The arithmetic mean of all the absolute errors is 0.11 s. Round off the
period of simple pendulum to appropriate number of significant figures with

reasons.

Ans :
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T=262sec. T =011 sec
= o~ T=262=z011 sec.
Error is 0.11, which is 1/10th
Hence T = 2.6 seconds uncertain digit is the ‘6°.

So, with significance figures we write T = 2.6 seconds

27The moon is observed from two diametrically opposite points A and B on Earth.
The angle 0 subtended at the moon by the two directions of observation is
1°54'. Given the diameter of earth to be about 1.276 x 10" m, compute the
distance of the moon from the earth.

Ans : isince 1" = 485 x 10 rad.)
B =1%54" = 114’ b=1276 = 10/ m
= (114 x 60)" x (4.85 x 10°%) radian b _ 1.278 % 10"
= 332 % 10-? radian g 3.32><1I]_:
=384 x10°m

28The Sun’s angular diameter is measured to be 1920". The distance D of the Sun
from the Earth is 1.496 x 10!" m. What is the diameter of the Sun ?

Ans :

19207

Sun’s angular diameter = 1920 x 4.85 x 10°% rad Sun’s diameter
9.3 x 10~ radian

d = oD
= (9.3 x 109 x (1.496 x 101}
=139 % 10° m

29Each side of a cube is measured to be 7.203 m. What are the total surface area
and the volume of the cube to appropriate significant figures ?

Ans : Surface area of the cube = 6 x a°
=6 x (7.203)° = 311299254 = 3113 m?
Volume of the cube = a® = (7.203)
= 373.7148 m?
= 373.7 m®
30 Fill in the blanks :
(1) The volume of a cube of side 1 cm is equal to .....m".
(i1) The surface area of a solid cylinder of radius 2 cm and height 10 cm is
equal to......(mm)~.

(1i1) A vehicle moving with a speed of 18 km/h covers....m in 1 sec.
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Ans :(i) Volume = (Icm)® = (1072)* = 10° m?
(i1) Surface area
=2nr(r + h)
=2 > x 20mm (20mm + 100mm)
= 48007 = 4800 x 3.14 (mm)?
= 15070 (mm)?
(iii) 18 km/h = 5 ms™!

31Estimate the average mass density of a sodium atom assuming its size to be 3
about 2.5 A. (Use the known values of Avogadro’s number and the atomic mass
of sodium). Compare it with the density of sodium in its crystalline phase : 970

kg m™>. Are the two densities of the same order of magnitude ? If so, why ?

Ans :

Volume of sodium atom = %nrﬂ

4z %(1.25 107103

o

o

8.180 » 1079 m3
Now according to Avogadro’s hypothesis, one mole of sodium (which contains
6.023 x 10?* atoms) has a mass of 23 g or 23 x 10~ kg.
=~ The mass of one atom
23x10~2 i - -
M= ——— _ = 332 x 10-2¢ kg Hence, density of sodium atoms

6.023 x10%
M _ 382x10°%°

vV  318x10™®
Given that density of solid sodium
ps =970 kgm™ =0.97 x 103 kg m™.

Thus we find that p, and p are of the same order of magnitude. This implies that

B =47 x 102 kg m?

the sodium atoms in the solid are so closely packed that the interatomic

separation is of the same order as the size of a sodium atom.

32A famous relation in physics relates ‘moving mass’ m to the ‘rest mass’ mg of a 3
particle in terms of its speed v and the speed of light c. This relation first arose
as a consequence of special relativity by Albert Einstein. A boy recalls the

relation almost correctly but forgets where to put the constant c. He writes :
mo

a2
rl—vz]

m =

Guess where to put the missing c.

Ans :
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2
¢? — square of velocity of light should be put in the denominator of v2, so that '—2

c
o

m =
. . . . ]

becomes dimensionless. Therefore the correct relation is .'1 v
=t

T &2
33  Write the dimensions of 3

(1) Linear density

(i1) Power

(i11) Impulse

(iv) Velocity gradient

(v) Mass per unit area
(vi) Kinetic energy

(viil) Angular acceleration
(viii) Couple

(ix) Moment of force

(x) Work done

Ans :(i) [ML'TY]
(i) [ML?*T 3]
(iii) [MLT ']
(iv) [MOLOT 1]
(v) [ML™T]
(vi) [M'L?T7?]
(vii) [MLT 2]
(viii) [ML?T7?]
(ix) [ML>T?]
(x) [ML2T2].

34 Write the dimensional formula for the following : 3
(1) Wein’s constant
(i1) Planck’s constant
(ii1) Specific heat
(iv) Latent heat
(v) R ydberg’s constant.

Ans :(i) [M°LT’K]
(i) [ML2T 1
(iii) [ML*T 2K
(iv) [MOL?T2]
(v) (ML 1T,
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35 Name the physical quantity of the dimension given below : 3
(i) MLT 3
(i) ML™IT!
(i) M 'L3T 2
(iv) ML2T3
(v) MLOT 2
(vi) T

Ans :(1) Energy intensity
(11) Coeft. of viscosity
(111) Gravitational Constant
(iv) Power

(v) Surface tension or force constant or spring factor.

36 Write the dimensions of the following : 3
(1) Gravitational potential
(i1) Variable force
(111) Pressure gradient
(iv) Moment of inertia
(v) Buoyant force
(vi) Angular momentum
(vii) Work done by torque
(viii) Moment of momentum
(ix) Moment of force
(x) Pressure energy.

Ans :(i) [M°L*T %]
(i) [MLT?]
(iii) [ML 2T 2]
(iv) [ML?TY]
(v) [MLT %]
(vi) [ML2T™!]
(vii) [ML?T 2]
(viii) [ML?T™ 1]
(ix) [ML’T 2]
(x) [ML*T?]

37 1F (P +%) (V — b) = RT, where the symbols have their usual meanings, 3

then (%] has a dimension of.... .
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Ans :Energy

38 Force (F) and density (d) are related as F = a+id

(1) then the dimensions of a are.............. ,

(11) then the dimensions of B are....................

Ans :(i) [MY2L712T72]
(11) [M1/2L—3/2T0]

39The unit of length convenient on the nuclear scale is a fermi : 1 fermi = 107
m. Nuclear sizes obey roughly the following empirical relation : r = rpA'3
where r is the radius of the nucleus, A its mass number and r0 is a constant
equal to about 1.2 fermi. Show that the rule implies that nuclear mass density is
nearly constant for different nuclei. Estimate the mass density of sodium

nucleus.

Ans :
Radius of a nucleus is given by r = rgAl3
- Wolume (V) of a nucleus

4 4 dmrsA

:—,‘[3:—.'[{ 1.'3:'3:
3 =g A 3

whererg =12 f=12 x 10% m
Now, the mass of nucleus of mass number A is M = A amu.

=~ Density of nucleus
_ M _ Ax(1.66x107%)

Fn
ST [(4nriA)3]
_ 3x1.66x1077 .
= = kgfm
dnry

Thus we find that the nuclear mass density p,, is independent of mass number A.
i.e., all nuclei have roughly the same mass density. Substituting value of r( in
above equation, the density of any nucleus or density of a sodium nucleus
3x1.66x10%7
Pr=
4%3.142x(1.2x1071%)8
= 2.3 % 10%7 kg/m?

40A man walking briskly in rain (speed v) must slant his umbrella (forward)
making an angle 0 with the vertical. A student derives the following relation
between 0 and v : tan 6 = v and checks that the relation has a correct limit as v
— 0, 0 — 0 as expected. Do you think this relation can be correct ? If not, guess

the correct relation.

Ans :
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The given relation is not correct because L.H.S. has no dimensions. The correct

formula should be tan 8 = ‘;
where u is the speed with which the rain is falling.

41A book with many printing errors contains four different formulae for the 3

displacement y of a particle undergoing a certain periodic motion :

i e OAE
(i) v = o 3In —

u

1) ¥y = a sin vt
(iit) v = (@/T) sin (t/a)

(Gv) ¥ = (av2) (sin 2rxt/T + cos 2n8/T)
where a = maximum displacement of the particle, v = speed of the particle, 7=

time-period of motion. Rule out the wrong formulae on dimensional grounds.

Ans :(1) This equation is correct
(11) This equation is not correct
LHS.=L
RH.S.=Lsin LT ! x T=L sin L (angle is not dimensionless)
(111) This equation is not correct, as angle is not dimensionless

(iv) This equation is correct.

42In an experiment, refractive index of glass was observed to be 1.45, 1.56, 1.54, 3
1.44, 1.54 and 1.53. Calculate (1) Mean value of refractive index ; (i1) Mean
absolute error; (ii1) Fractional error ; (iv) Percentage error. Express the result in
terms of absolute error and percentage error.

AnRS : (r} Mean value of u

- 1.45+1.56+1.54+1.44+1.54+1.53
G

p=151
(11} Mean absolute error
_ sum of absolute error
B 6
._-.,.ﬁ — D06+005+003+007=0.03+0.02
&

9
% = 0.0433 = 0.04

(izz} Fractional error = % = D'EM
p, 131

= 0.02649 = 0.03

(i} Percentage error = # x 100 = 3%
T
=151 =z 004 in terms of absolute
ETTOT.

Also, 1 =151 £ 3% In terms of % exror.

43 State the principle of homogeneity of dimensions. Test the dimensional 3
homogeneity of the following equation :
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1
h = hg + vgt + e gt

Ans :

Principle of Homogenity — All terms of any physical relation must have the same
dimensions.
{r] = L
[hgd = L
[vet]l = LT T =L So, the equation is dimensionally correct.
1 o] emoms
l >t ‘_ LT T =1

44 Rule out or accept the following formulae for kinetic energy on the basis of
dimensional arguments.

(1) K =3/16 m»*
(i) K = 112 mv* + ma
(iii) K = 1/2 m?

Ans :
Dimension of L.H.S. and R.H.S. are same in (1) and (ii1). So they are accepted.
ca 1l ..q
iir) K= 5 mu + ma

and Emtlgl = [ma]. So it 15 wrong.

il

45 A physical quantity Q is given by

talce

A’R
Q =

=

1 e

C D2
The percentage error in A, B, C, D are 1%, 2%, 4%, 2% respectively. Find the
percentage error in Q.

2 (% X mu) -g[:% x mu)

AnS :% error in @

+ 4(“::—'3 X 1uu') %(% X 1uu)

Ex1+ExE+4x4+lx2
2 a

2+43+16+1=22%

46Answer the following :
(a) You are given a thread and a metre scale. How will you estimate the
diameter of the thread ?
(b) A screw gauge has a pitch of 1.0 mm and 200 divisions on the circular
scale. Do you think it is possible to increase the accuracy of the screw gauge
arbitrarily by increasing the number of divisions on the circular scale ?

(c) The mean diameter of a thin brass rod is to be measured by vernier callipers.
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Why is a set of 100 measurements of the diameter expected to yield a more

reliable estimate than a set of 5 measurements only ?

Ans :

(a) Wrap the thread a number of times on a pencil to form a coil having its turns
very close to each other. Measure the length of this thread by placing it on a
metre scale.

Thickness (diameter) of the thread = =

m
where 1 is the length and m are number of turns in the coil.

(b) It is not possible to increase the accuracy of the screw gauge arbitrarily by
increasing the number of divisions on the circular scale. The accuracy can be
increased to a large extent by increasing the number of divisions on the circular
scale as the least count of the gauge would become less.

(c) It is due to the reason that random error involved in the mean value of 100

observations 1s much less than that involved in the mean value of 5 observations.

47The length, breadth and thickness of a rectangular sheet of metal are 4.234 m, 4
1.005 m and 2.01 cm respectively. Calculate the surface area and volume of the

sheet to correct significant figures.

Ans :

Length (/) =4.234 m

Breadth () = 1.005 m

Thickness (4) =2.01 cm =0.0201 m

Surface area of the sheet = 2(/b + bh + [h) =2 (4.234 x 1.005 + 1.005 x 0.0201 +
4.234 x 0.0201) = 8.7209478.

As the lowest significant figure in the given measurement is 3 (that of thickness)
the volume and area should be expressed in 3 significant figures only.

- Surface area = 8.72 m?

Volume of the sheet =1 x b x h =4.234 x 1.005 x 0.0201 = 0.0855289 m* =
0.086 m?

48Deduce by the method of dimensions, an expression for the energy of a body 4
executing S.H.M. assuming that the energy of the body depends upon (a) the

mass m (b) the frequency v and (c) the amplitude of vibration a.

Ans :
Let E be the energy of the body executing S.H.M.

Ex m* v af
or E = Km™e?, where K is constant.
Writing the dimensions of both the, sides we have [ML*T™]

= [pM1* LY [Ty
ML T3 = [

M® L' TH
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Comparing the powers of M, L and T, we get
=1 p=2and v = 2. Putting the values
of o, B. v we have, E = K mvZa?

49To determine acceleration due to gravity, the time of 20 oscillations of a simple 4
pendulum of length 100 cm was observed to be 40 s. Calculate the value of g
and maximum percentage error in the measured value of g.

Ans :
|
T =2z 1 n:]rgzdfr.gL
Vg
Given : E—ll][]c:rn‘]'—ﬂ—‘?l]“
' N * 7 T 9g T 7 " Let us now calculate the maximum error
g2=4 x (3147 % l[l[lﬂ
(2.0)°
= 9859 cm 572
f I!T i
g = 4n? =
gi i I L
= 4~ taking T == . .
£\2 ( & EUJ Taking log on both sides, we get
(=)
_ 4nfix(20)2
or = ——
2
logg=logd +2logm . o .
= ifferentiating both the si
slogl_2logt+2log 20 Y iating b sides
A
g I Tt
Given : { =100 cm
Al = 0.1 em (least count of the
metre scale)
t=40s5 A+ =015
(least count of a stop watch)
Maximum error in g
B O
-~ 100 T 40
= 0.001 + 0.005 = 0.0D0&G
= 0.006 = 100% = 0.6%
Here 0.1% is the error in the measurement of length, and 0.5% is the error in the
measurement of time. Therefore, time needs more careful measurement.
50By using the method of dimension, check the accuracy of the following formula 4
T 3
2cos6
where T is the surface tension, h is the height of the liquid in a capillary tube, p
is the density of the liquid, g is the acceleration due to gravity, 0 is the angle of
contact, and r is the radius of the capillary tube.
Ans :
16/27
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In order to find out the accuracy of the given equation we shall compare the

rhpg

dimensions of T and
2cosd

_ foree  [MLT™?]
~ lemgth  [L]
Dimensions of surface tension, Dimension of ;‘_ﬂga = [L][LI ML LT3
Cos

= [MT
(2 cos & has no dimension)
The dimensions of both the sides are the same and hence the equation is correct.

51 The radius of curvature of a concave mirror measured by spherometer is given

.
byR=i_.£
6h 2

The values of 1 and h are 4 cm and 0.065 cm respectively. Compute the error in

measurement of radius of curvature.

Ans :

Here /=4 cm, Al=0.1 cm

(least count of the metre scale)

here [ is the distance between the legs of the spherometer.
h=0.065 cm, Ah =0.001 cm = (least count of the spherometer)

As

. 0.1 _2x0001
4 0065
= 005 + 0.03 = 0.08%

2

52A physical quantity P is related to four observables, a, b, c and d as follows :
a’b”

ved

The percentage errors of measurement in a, b, ¢ and d are 1%, 3%, 4% and 2%
respectively. What is the percentage error in the quantity P ? If the value of P
calculated using the given relation turns out to be 3.763, to what value should
the result be rounded off ?

P =

Ans :
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_ alp?

" /e

Percentage error in P is given by,

AL 5, g0R, A ol

Given - P

P "a b d 2o

%:3x1%+2x3%+1x2%+%x4%

& %‘21%, %=3‘}2. %=4%and£=2€%

= %:3%+e€a+2ﬂﬁz%
= 13%

- percentage error in P = 13%
If the calculated number of P is 3.763, the round off value 1s 3.8.

53 The measured value of length, breadth and height of a block of wood along 4
with maximum permissible errors are expressed as follows :
[=12.08+0.01 cm, 5=10.12+0.01 cm, #=5.62 £0.01 cm.

Calculate the percentage error in the volume of the block.

Ans Given : 1+ AI=1208 £ 0.01 em
b+ Ab= 1012 = 001 em
h+ Ah=562 £ 001 em
Volume of the block (V) =1 = b % k
percentage error in the volume is given by
AV (N1 Bh)
Vv I B h
0.01 0.01 0.1
= ¥ 100%
o Tn te) *100%

(0.000327 + 0.000355 + 0.00175)=100%
0.003555 = 100% = 0.3585%.

54Reynold’s number NR(a dimensionless quantity) determines the condition of 4
laminar flow of a viscous liquid through a pipe. NR is a function of the density
of the liquid ‘r’, its average speed is ‘v’ and the coefficient of viscosity of the

liquid is ‘h’. If NR 1is given directly proportional to ‘d’ (the diameter of the

pipe), show from dimensional consideration that NR « gey the unit of ‘n’ in SI
n

system is kg m—1 s—1.

Ans :

As the Reynold’s Number Ny depends on density p, average speed v and
coefficient of viscosity 1, then let us say

Ng = pv’n®
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Again Ny is proportional to d, the diameter of the pipe, combining the two we

have,
We write,
[Ng] = [MPLOTY]
[pl = ML
[v] = LT
nl= MLITY
d]l = [L]
Substituting the dimension in (), we have,
MPLOTY] = VILF LT ML'TT [
— h_i[a—c'l L!—3a+b—r.'+1: T‘—b—e'l
Compearing the dimensions of M, L and T,
we have,
NF. o pﬂpbrjlfd a+c=10
NR:KDE!.‘E'T]‘:GE -3z +b-c+1=10
-b-c=10
On simplifving, we get
e=-1
E=1
a=1
Therefore, the relation () becomes
Nr= Eplvlnd
Np = KplZ
m
Npxp E
q
55 A planet moves around the sun in a circular orbit. The time period of 4

revolution T of the planet depends on
(1) R adius of the orbit (R)

(i1) Mass of the sun M

(i11) gravitational constant G

Show dimensionally that 7° oc R®

Ans : T = RoMPGF
or T = KR*M?GE, where K is constant
cubstituting the dimensions on both sides,
we have
[T] = [L]® [M]® [MIL2T7
mlnlﬂﬂ - m{h—: Lo+3 T—?C]’
Conparing the powers of M, L and T, we get

b-c=0
a+oc=0
-2c=1
: 3 -1 -1
On solving, we get a = 5 b= SRl
or T = KR32 M12 G2
or T o R32
or T2 = R2
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56Experiments show that the frequency (n) of a tuning fork depends upon the
length (1) of the prong, the density (d) and the Young’s modulus (Y) of its
material. From dimensional considerations, find a possible relation for the

frequency of the tuning fork.

Ans : Let n = Ki°d%*, where K is constant
cubstituting the dimension of all the

guantities involved a=—1 h= -1 and o = 1
we have : [T = [L]° [ML]® [ML-IT-2 ’ - 2
IMULOT Y = [MIP L [T This gives n= K1d 137
Comparing powers of M, L and T we get i s Ky
b+ec=0 INd
a—3b-c=0
—2c=-1

57The density p of a piece of metal of a mass m and volume V is given by the

formula p = %: Ifm=37532+0.01 g,and V=136.41 £ 0.01 cm3 Find %

error in p.

Ans : Given dm = 0.01 g and 4V = 001 em®
The error in mass,

dm _ 0.01
m  375.32
= 0.0000266
and error in volume
dv _ 0.1
vV 136.41
= 0.0000733

As density 15 a funetion of both mass and
volume the error in its value should be sum
of the errors in the mass and volume.

Hp g N

P m W
= (0.0000266 + 0.0000733)
= 0.00009992

% errurmn:% = 100%

= 0.0000999 » 100%
= 0.0099%

581t is known that the period T of a magnet of magnetic moment M vibrating in a
uniform magnetic field of intensity H depends upon M, H and I where I is the

moment of inertia of the magnet about its axis of oscillations.

Show that T = 2= (L
\MH

Ans :
Let us first write the dimensions of various physical quantities involved, Moment
of Inertia,

M= [MPL2A] Magnetic moment has the units Am?, therefore,
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[ = 2EWOR _ oy peyapa
A-m . . .
H— (A where K is constant of proportionality,
or = |
Let T= K I*'M’H".
or, [T] = [M]_E]u [LEA]*' D'-‘H_:ﬁ_l]':

— [],d:a.ﬂ' L5a+3i'.1 .'I—Ec Aﬂ—c]
Equating powers of M, L and T and A on both the sides, we have,
colving these eguations, we get,

1 -1 -1
a=—b=— ¢c=—
a+e=1 2 2 2
Erﬂ b E','_J = D I— = IG'_L.-'E ;-\'I_LIE H_LII2
= a+b=0.-2c=1 p oqp pe proved experimentally that
and - +0b=10 K=92x
e
T=2n  |—
" \MH
59Given that the amplitude of the scattered light is (i) directly proportional to that 4

of incident light, (i1) directly proportional to the volume of the scattering dust
particle (iii) inversely proportional to its distance from the scattering particle,

and (iv) dependent upon the wavelength (1) of the light. Show that the intensity
1

of scattered light varies as =7
A

Ans : Let us write P.L_.'. =1 A? Wy e
It 1z clear from the statement of the equation

a=1

b=1

c=-1
A= KAL Vi1 )4

Write the dimensions on hoth the sides and
equating powers of M, L and T, we have

L= @] L3 L™ L9

- E,E +a‘]
or 1=3 +dord=-2
. 1
ie. .313:&3

rs
But intensity (I,) = amplitude A7
1

Lo
Sidg e
3 _-l_-

60Show dimensionally that the frequency n of transverse waves in a string of 4
length 1 and mass per unit length m under a tension T is given by n = % ,ll.'£ .
1
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Ans : Let us suppose that _
n= KFFT"m"
where K is a dimensionless constant and «.
b, ¢ are unknovwmn powers to be found. Writing
the dimension of all the guantities involved,

we get

[T = [L]* [MLT-]* [ML-)
or I_T—l] = Lo+b— Jb+c T-2B
Comparing powers L, M and T on both sides
we have

a+b—-c=0b+c=0agnd-2b=-1

On simplifving, we get
b=12¢c=-12 a=-1
n= Ei-l TV ;L2

K [T
or 7= m——
I VYm
611f the velocity of light (c), the constant of gravitation (G) and Planck’s constant 4

(h) be chosen as the fundamental units, find the dimensions of mass, length and

time in the new system.

Ans :

Let us write the dimensions of ¢, G and &
in terms of M, L and T.

[c]l= LT
[Gl= I L3T
-2
1= BT e Ty
gl
Let M = Ec®(G*hY, where K 15 constant
or [M] = [LTH* TP 2Ty

s [B'I_S'P-" L-:t—-3|3+2',- T-—ct—2|3—ﬁ_-']

Comparing the powers of M, L and T on both
the sides, we have

B +y=1 A1)
o+ 38+ 2y=10 i)
—0 - 2B - y= {iE)

colving these equations, we get,
. NI

&%= E: ﬁ' = ?: I 2
el M= Kel? 12 g2
Taking K = 1, we can write

M= CL‘E G—l-'E ;!L'E
cinularly, we can prove that

L= c32 Gg12 j12

and T=c32 12 G172

62 If the length and time period of an oscillating pendulum have errors of 1% and 4

2% respectively, what is the error in the estimate of g ?
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Ans : We know T

I
| ]
A

|

g

I
He
=

2]

1l
|
bl

63The force experienced by a mass moving with a uniform speed v in a circular 4

path of radius r experiences a force which depends on its mass, speed and
)

T

radius. Prove that the relation is § =
r

Ans : [ = movirt
[f1 = [ml°[]?lr]
MLT-2 = Me[LT-Y?Le
Equating the powers of

M:1=a
L:1=86+c¢
T:—2==5&
oolve the equations to get @ = 1, b = 2,
)2
¢ = — 1. Therefore, f = — 15 the correct
relation. r
64A large fluid star oscillates in space under the influence of its own gravitational 4

field. Using dimensional analysis find the expression for its period (T) of
oscillation in terms of radius of star (R) mean density of fluid (p) and universal
gravitational constant (G).
Ans :Time period T = B® p? G*
MLOT! = RIa(ML-3P(M-1LIT-2F
Eguating powers of
M:0=b-c¢ = b=c¢r
L:0=ag—-3b+ 3¢

Folmee  osnesmi
L
b==¢ = b=_—1
2
Substitute & and ¢ in
O=a -3k + 3¢
From (5i), @ = 3k — 3¢
._1- .-_11.
a=3 x [‘?)—BETJ =0
=B
T=IriI,'E
Ve
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65The viscous force ‘F’ acting on a body of radius ‘r’ moving with a velocity ‘v’
in a medium of coefficient of viscosity ‘n’ is given by F = 6 mnrv. Check the

correctness of the formula.

Ans : I = 6 mnrv

[F]= MLT? AT
F b= LM T2 ETR
= MLT-2 L)
Sinee (1) and (7)) are equal. So, the equation

is correct.

66The number of particles crossing per unit area perpendicular to x-axis in unit

. . . o
time N is given by N=—D I\f—xl), where n; and n, are the number of
o |

particles per unit volume at x; and x; respectively. Deduce the dimensional
formula for D.

%

Ans:DZ_N.;q—xl N] = L-°7-1
| i — Flq
—2m—1
D}] = ﬁ — I_:'I_l_ [xg] = '[_;_'}._]' = I_

e

[na] = [ra

L
: R

67Assuming that the mass (m) of the largest stone that can be moved by a flowing
river depends only upon the velocity v, the density p of water and the

acceleration due to gravity g. Show that m varies, with the sixth power of the

velocity of the flow.

Ans :
Let m x v p*g”
~ m = ki®pPsf, where k is constant
Taking the dimensions of various physical quantities on both the sides, we have,
M] = [LT oML [LT 7
- D..[bL-:: —-3b +c T—ﬂ—?-:']
Comparing the powers of M, L and T on both the sides, we have

E=1 .2}
a—-3b+c=0 _lzi) Solving these equations we get,
—a—2c=10 _{ifi)
b=1l,a=6and c =-3
m = koSpla—
i T'E

Thus, the mass (m) varies as the sixth power of velocity (v) of the flow.

68 The time of oscillation (t) of a small drop of liquid under surface tension

depends upon the density p, radius r and surface tension (o).
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3
Prove dimensionally that ; o 1;'&.
18]

Ans :
Time of oscillation ¢ = p® rP o*
. t = kp®r®c®, where & = constant
Writing dimensions of both the sides, we have,
[T] = [ML3]* [L]® [MT*
= D{a +|:']_—-B-:r+b T—?{']
Comparing the powers of M, L and T on both sides, we have,

a+c=10 i
—3a +b=0 (it} Solving equations (1), (i1) and (iii) we get,
-2e=1 _.{#id)
1 1 3 . .
o and b = = Putting these values in
t = kprPc*
We get #=:kpVB 2 o VS
]
o o
69Liquid is flowing steadily through a pipe. Assume that the volume of the liquid 4
flowing out per second depends on (a) the coefficient of viscosity of the liquid
(n) (b) the radius of the pipe (r) and (c) the pressure gradient along the pipe
(pressure gradient is drop in pressure per unit length of the pipe, and is equal to
P/1, where P is the difference between the ends of the pipe and I is the length of
the pipe). The dimensions of viscosity is [ML™'T"!]. Deduce by the method of
dimensions, the formula for the volume of the liquid flowing out per second.
Ans :
Let V be the volume of liquid flowing out steadily through the pipe per second
Given - Vo no? (%)" where k is constant
Writing the dimensions on both the sides,
P .
or V= knr® (TJ
MOL3 T4 = [ML-IT-1]= [L¥] [ML-2T-2)
ar DIQ]'_E r[—}-.] i ih.IE+E ]_—ﬂ+i:|—2|: Ta- 2.:']
Comparing the values of M, L and T, we have
a+c=10 {5}
—a+b-2c=4a Az)
—a—2c=-1 ...{iEi)
Solving these equations, we get
a=-1,b=4andc=1 -
Putting these values in V = knar® (Pf)e, we have V= kn it (T)
%
Thus, the volume of the liquid flowing out per second X f;r
25/27
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70The factors affecting the time period of a simple pendulum are mass, length and 4

the acceleration due to gravity. Deduce a relation for the time period of a simple
pendulum.

Ans :
In order to find the correct relationship, suppose the time period 7 varies as m¢, [?

and g, where a, b and ¢ are the powers of m, [ and g respectively, i.e., T o< m*I’g

= km®I’gc, where k is constant.

Writing the dimensions of both the sides, we have =01 L H‘T_z],,
or [MPLOT] = IM'L? * €T

Comparing the dimensions of M, L and T, we get

=10

b+c=10

—2c=1
or PR W e i
2 2

Substituting the values of a, b, ¢, the required expression of the time period of the

pendulum is

T= MOV 12

or T=k |Ii
i
711f two resistances of values Ry = (2.0 +0.1) Q and R, = (12.3 £0.2) Q are put 5

(1) in parallel and (ii) in series, find the error in the equivalent resistance.

AnS : (r} R:=2 AR; =01,
B:=F; + B- =143
R,=123, AR, =02,
AR; + Bol= AR; = 0.3
In series Rz = (R + By = AlR; + Ro)
(143 = 03) 0
1 1 1 _ E;+R,

i) Im parallel, — = — + — =
) In pa R R, R, RRs

r R _ KR
Rl—Rz- RS
ﬁ i .':'I.R.]_ o jRg i .':!ES
R R, R, REg
R, R, R,
L
= BE= s =1:-72
14 3
N R(E+ 02 . u_a)
2 123 143

= R(0.05 + 0.016 + 0.020)
172 (0.05) =0.13
R (in parallel)= (1.72 = 0.13) 02
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