CHAPTERZ:UNITS AND MEASUREMENT
NERHT BXERGISES GPLUS EDUCATION

Note : In stating numerical answers, take care of significant figures

2.1 Fill in the blanks A
(a) The volume of a cube\qt_',rg?de 1 em is equal to ... g3

A
«solid cyli i
(b) The surface area Of@gﬂ cylinder of radius 2.0 cm and height 10.0 cm is equal to

...(mm)? '{F.
(c) A vehicle moying,with a speed of 18 km h' covers....min | s
(d) The relanv\ﬁ(/i‘gnmty of lead is 11.3. Its density is g em?or ... kg m?,
Fill in the blanks by suilable conversion of units
(a) 1 kg pi>s” = ....¢ cm?s

3

b lm =£.. ly
(c) 30'm s? =.... km h?

(@)(G=6.67x 10" Nm? (kg)? = .... (cm)* s g,

i‘?{”té%m‘me is a unilt of heattor energy and it equals about 4.2 J where 1J = 1 kg m? s2.
< \/Suppose we employ a system of units in which the unit of mas 1 g i
\:":5 of length equals fm, the unit of time is y s. Show that a cal S ICIQUa s ak,,.- the unit
% o' B2 ¥ 2 in terms of the new units. oric has a magnitude 4.2
2.4 Explain this statement clearly :
“To call a dimensional quantity ‘large’ or ‘small' is meaningless without specifying a
standard for comparison”. In view of this; reframe the following statements wherever
necessary : g W
(a) atoms are very small objects )
(b) a jet plane moves with great-speed. -
(c) the mass of Jupiter is very large -0
(d) the air inside this room contains a large number of moleculqg,:‘\g“‘if
(e) a proton is much more massive than an electron . @\} ’
(D) the speed of sound is much smaller than the speed ofﬂli‘gﬁh »
2.5 A new unit of length is chosen such that the speed of light'h vacuum is unity. What
¥  is the distance between the Sun and the Earth in tepnﬁéjiif,;the new unit if light takes
8 min and 20 s to cover this distance ? @& .V
2.6 Which of the following is the most precise dgvfggifal‘f'ﬁleasuring length :
(a) a vernier callipers with 20 divisions on',.tl"ié:sl,iding scale
(b) a screw gauge of pitch 1 mm and lﬁQQ':iSI:i‘{ijsiB'ns on the circular scale
(c) an optical instrument that can measure’length to within a wavelength of light ?
A student measures the thickness ofia human hair by looking at it through a
microscope of magnification IQQfE',HEq‘?;nakes 20 observations and finds that the average
width of the hair in the fieldiof*View of the microscope is 3.5 mm. What is the

estimate on the thickness ofthair ?
O

2.8 Answer the following;_-;e:ﬂf"_} o _
s (a)You are given a;thréad and a metre scale. How will you estimate the diameter of
the thread ? { & *

(b)A screw gauge'ha"“

2.2

2.7

s 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 ? . . i
(c) The mean diameter of a thin brass rod is to be measured by vex:mer callipers. Wbly
isa set of 100 measurements of the diameter expected to yield a more reliable

estimate than a set of 5 measurements only ?
The slide

2.9 The photograph of a house occupies an area of 1.75 cm® on a 35 mm siic;es. KLl
3 is projected on to a screen, and the area of the house on the screenis 1. b

is the linear magnification of the projeclor-screen arrangement.
2.10 State the number of significant figures in the following :

¥% ¥ (a) 0.007 m’
(b) 2.64 x 10% kg
(c) 0.2370 g cm™
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(d) 6.320J GPLUS EDUCATION

(e) 6.032 N m?
() 0.0006032 m?

2.11 The length, breadth and thcfg'less of a rectangular sheet of metal are 4.234 m, 1.005 m,

4,
and 2.01 cm respectwely Gwe the area and volume of the sheet to correct significant
figures.

A
2.12 The mass of a boxsmeasured by a grocer's balance is 2.300 kg. Two gold pieces of
masses 20.15 g(aﬁd 50 17 g are added to the box. What is (a) the total mass of the
box, (b) the diff rence in the masses of the pieces to correct significant figures ?

2.13 A physical g{xanflty P is related to four observables a. b, ¢ and d as follows :
®¥ o a%’/({‘d)

The~ ercentage errors of measurement in a, b, ¢ and d are 1%, 3%, 4% and 2%,
re':}sp)ectlvely What is the percentage error in the quantity P? If the value of Pcalculated

using the above relation turns out to be 3.763, to what value should you round off
(\ ”the result ?

14 A book with many printing errors contains four different formulas for the displacement
¥ * y of a particle undergoing a certain periodic motion :
(a) y=asin2n t/T
(b) y =asin vt
(e y=(a/7 sin t/a

dy= (av2) (sin 2nt / T +_cos Qnt/T) )
(a = maximum displacement of the particle, v= speed of the particle. T= time-period
ol molion). Rule out the wrong formulas on dimensional grounds. <;\
2.15 A famous relation in physics relates * movmp, mass’ m to the res mass m, of a
* particle in terms of its speed v and the speed of light, c. (This rela\tlon first arose as

a consequence of special relalivity due to Albert Einstein). A’boy wrecalls the relation
almost correctly but forgets where to put the constant c:'(fle Writes :

ey 4-"5,'\,'1-.., “w’
Mo A >
= o\1/2 VoA |
. L 7
1-v &N ,)J

Guess where to put the missing c.

2.16 The unit of length convenient on the; ato i¢’scale is known as an angstrom and is

denoted by A: 1 A=10""m. The sme ofa hydrogen atom is about 0.5 A. What is the
total atomic volume in m?® of a mole of hydrogen atoms ?

2.17 One mole of an ideal gas at’ standard temperature and pressure occupies 22.4 L
(molar volume). What i is the rat.m of molar volume to the atomic volume of a mole of
hydrogen ? (Take the SIZe of hydrogen molecule to be about 1 A). Why is this ratio
so large ? \ 94

2.18 Explain this common 1" dbservation clearly : If you look out of the window of a fast

2 moving train, the riearby trees, houses etc. seem to move rapidly in a direction opposite
to the train's motion, bul the distant objects (hill Lops, the Moon, the stars elc.)

seem to be stationary. (In fact, since you are aware that you are moving, these
distant objects seem to move with you).

2.19 The principle of ‘parallax’ in seclion 2.3.1 is used in the determination of distances
of very distant stars. The baseline AB is the line joining the Earth's two locations six
months apart in its orbit around the Sun. That is, the baseline is about the diameter
of the Earth's orbit = 3 x 10''m. However, even the nearesl stars are so distant that
with such a long baseline, they show parallax only of the order ol 1" (second) of are
or so. A parsec is a convenient unit of length on the astronomical scale. It is the
distance of an object thal will show a parallax ol 1" (second) ol are [rom opposite
ends of a baseline equal to the distance from the Earth to the Sun. How much is a
parsec in terms of metres ?
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2.20 The nearest star to our solar System is 4.29 light years awa How
distance in terms of parsecs? How much parallax would thi); star (r?]alrlx:::d lf\l;}l]::

0 locations of the Earth s;
el sround the/Sun'? AC Six months apart in i(s
2.21 Precise measurements of Ql"fg‘g?cal quantities are a need o

. i science. For example, to
ascertain the speed of @ix) aircraft, one must have an acc nd

urate method to find its

. " W . . .
you can, glveﬂa Suantltatwe idea of the precision needed
ol ¥ )
2.22 Just as precis€measurements are nec

; essary in science, it is equally im ortant t
X able to m/aﬁevrough estimates of qua qually imp o be

mals . ntities using rudimentary ideas and common
obseryations. Think of ways by which you can estimate the [ollowing (where an

N ¥ 3 .
estimate’is difficult to obtain, try to get an upper bound on the quantity) :

re. Qs . .
(a\]g‘,:tle total mass of rain-bearing clouds over India during the Monsoon
((b)'the mass of an elephant

ﬁ\\) (c) the wind speed during a storm
(d) the number of strands of hair on your head
(e) the number of air molecules in your classroom.

2.23 The Sun is a hot plasma (ionized matter) with its inner core at a temperature exceeding
107 K, and its outer surface at_a-temperature of about 6000 K. At these high
lemperalures, no subslance remains in a solid or liquid phase. In what range do you
expect the mass density of .the Sun to be, in the range of densities of solids and
liquids or gases ? Check if your guess is‘correct from the following data : mass of the
Sun = 2.0 x 10* kg, radius of the Sun'=7.0x 108 m. {.'??::‘/*--

2.24 When the planet Jupiter is at a distance of 824.7 million kilome’f‘en‘s‘;ff?én the Earth,

" its angular diameter is measured-to be '35.72" of arc. Calculate the diameter of
Jupiter. ) | V4. Yl

Additional Exercises £ Mg 4}\} ‘

Ly
2.25 A man walking briskly in rain with speed v must,glﬁqﬁ;ﬁiébumbrella forward making
2 an angle 8 with the vertical. A student derives the\{ollowing relation between 8 and

v: tan 8 = v and checks that the relatjon;l})\e\i'.s}‘gémcorrect limit: as v -0, 8 -9, as
expected. (We are assuming there is no stiohgWind and that the rain falls vertically
for a stationary man). Do you think #thlrs;'ifq_l:dtion can be correct ? If not, guess the
correct relation. We”

2.26 It is claimed that two cesium clgjéks};. if allowed to run for 100 years, free from any
disturbance, may differ by orily about 0.02 s. What does this imply for the accuracy
of the standard cesium cloé}g 1 measuring a time-interval of 1 s ?

2.27 Estimate the average m;fi_.sg,ﬂ‘,(‘i_erfsity of a sodium atom assuming its size to be about

X 2.5 A. (Use the knqwﬂirélﬁ'e’s of Avogadro’s number and the atomic mass of sodium).
Compare it with,th‘égdénsity of sodium in its crystalline phase : 970 kg m=. Are the
two densities of the.same order of magnitude ? If so, why ?

2.28 The unit of length convenient on the nuclear scale is a fermi : 1 f= 10 **m. Nuclear

¥ Sizes obey roughly the [ollowing empirical relation :
r=r,A”3

where ris the radius of the nucleus, A its mass number, and r, is a constant equal to
about, 1.2 f. Show that the rule implies that nuclear mass density is nearly constz}nt
for different nuclei. Estimate the mass density of sodium nucleus. Compare it with
the average mass density of a sodium atom obtained in Exercise. 2.27.

2.29 A LASER is a source of very intense, monochromatic, and nnl(llmcli()nal-bemn of
light. These properties of a laser light can be exploited to measure long distances.
The distance of the Moon [rom the Earth has been already determined very precisely
using a laser as a source of light. A laser light beamed at the Moon takes 2.56 s to
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return after reflection at the Moon's surface. How much is the radi
orbit around the Earth % ﬂ}/ ¢ radius of the lunar

2.30 A SONAR (sound nav gatlon and ranging) uses ultrasonic waves to detect and locate
objects under watcn na submanne equipped witha SONAR the time delay between
generation of a@toﬂe wave and the reception of its echo after reflection from an

enemy subrréanneus found tobe 77.0's. What is the distance of the enemy submarine?
(Speed of sound in water = 1450 m sY).

2.31 The farthes objects in our Universe discovered by modern astronomers are so distant
thatch%ht emitted by them takes billions of years to reach the Earth. These objects
(known as quasars) have many puzzling features, which have not yet been satisfactorily

explalned What is the distance in km of a quasar from which light takes 3.0 billion
() \Jyears to reach us ?

Qi\B2 It is a well known fact that during a total solar eclipse the disk of the moon almost
X completely covers the disk of the Sun. From this fact and from the information you

can gather from examples 2.3 and 2. 4 determme the approximate diameter of the
moon. e

2.33 A great physicist of this century (P A M D1rac) Toved playing with numerical values of
Fundamental constants of nature. This led him toan interesting observation. Dirac
found that from the basic conslants ol” atomlc physics (c, e, mass c‘){[ eTEctron mass of
proton) and the gravitational constant G, he could arrive atwa,,“‘number with the
dimension of time. Further, it was-a. very large number, its magmtud:a being close to
the present eslimate on the age of the universe (~15 bllhOIl years] From the table of
fundamental constants in this book, try: to see if you, t\oo can construct this number
(or any other interesting number you can think of): rlms ‘Coincidence with the age of

the universe were significant, what would thls 1rnp1y for the constancy of fundamental
constants ?
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