Units and Measurements
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1.1 Physical Quantities
A — &y

Quantitative versus qualitative
. . =
) Most (.)bs.ervatlon in physms are guantitative Snes pk
~~#7, Descriptive observations (or qualitative) are usually imprecise
Qualitative Observations Quantitative Observations
How do you measure What can be measured with the
artistic beauty? instruments ?

9‘5’*“"_"‘(@,.&;? - owao gy S \e>Me




~ Ve
Physical Quantities

e A physical quantity is one that can be measured

and consists of a magnitude and unit.
J\ar 2.0 »

Measuring length




1.1 Physical Quantities

cirt 33
Are classified into two types:
- Base quantities Eoufum )
. Derived quantities =~ =~—" Sl e
2 LA vead Derived quantity is like the house
" Base quantity that was build up from a collection
is like the brick - the basic of bricks (basic quantity) e.g. speed
building block of a house. - -
e.g. Length (metre) .
Jse

\ ) ST
k9 S m/s
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Different systems of measurements

In earlier time scientists of different countries were using

different systems of units for measurement. Three such

systems, the CGS, the FPS (or British) system and the MKS

system were in use extensively till recently. 5, eaidl ¢ SR L,.,l_,

\CC [ \:-Dg ’ Gés ] .’;,:7_.__...-‘.',.- o i

The base-units for:length, mass and time in these systems
were as follows :

d m t
» In CGS system they were centimeter, gram and second respectively.
oL +
e In FPS system they were foot, go"de and second respectively.
vn +
» In MKS system they were meter, kilogram and second respectively.
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S| Units Jul;\,p;)\ s els

The system of units which is at present internationally accepted for
measurement is the v—al ) smams Ssoclo

Systéme Internationale d’ Unites

NP LW et
(French for International System of Units)| S.1.

i ] AP AR AN VY. _
abbreviated as SI. The Sl, with standard scheme of symbols, units and

abbrevia_t[g,nsj‘vgas developed and r‘ecommended by General
Conferent€on Weigﬁ'ftc,s sha Meastires in 1971 for international usage
In scientific, technical, industrial and commercial work
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Units

. SI__L_J_nits — International System of Units
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Base Quantities Name of Unit Symbol of Unit

Js'! length metre m

ool$  mass kilogram kg

P time second s

d g.lf,&; electric current ampere A
.,,,\ \f{=s> temperature kelvin K
o 9,_* amount of substance | &s2 mole mol
candela cd

9 ,J‘/ luminous intensity
'o$\’ \
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S1 Units
« Example of derived quantity: R
oo S0 W dsp X W2 F

Defining equation:

In terms of units:

Defining equation:

In terms of units:

Defining equation:

In terms of units:

area = length x width = m xm =
Units of area = m x m = m?

volume = length x width x height

Units of volume=mxm xm=m?3

as\lg A5y Py k9

density = mass ~ volume = i3

Units of density = kg / m3=kg m™3
Bk

3



S.1. Units

« Work out the derived quantities for:

st distance 2= = m _m/s
S

Defining equation:  speed = . WS
In terms of units: Units of speed = m/s ms
. : £ velocity _ « 4!
Defining equation:  acceleration = tme | WPl
In terms of units: Units of acceleration = m/s? £~ -m
m.s~* mf¢c2 s s?2
Defining equation: fﬂrce = Mass x acceleratlon
In terms of units: Units of force —%(g X m/s2
=X & __ k9 m g

62-

(W) Gz = (eams)



SI1 Units

« Work out the derived quantities for: Il pg
. . foar Force ah _ A {Mm
Defining equation:  Pressure = v >

_ Area =
In terms of units: Units of pressure = 9-x& 3 '?
Zs D

o ] dﬂ:’ ot POTES Y| St "3
Defining equation:  Work = Force x Displacement

In terms of units: Unlts of work = T Q=

o _ o/s588 Workdone _ ¢\
Defining equation:  Power = Time | ar2!

In terms of units: Units of power = = N

S
=




SI Units

Derived Relation with Base and Special
Quantity Derived Quantities
area length x width mxm= m= m?2
volume length x width x height Mimgm = m > m 3
density mass + volume B - by -
speed distance + time 5 = m/s —_
acceleration change in velocity + /S _ m / g2
time S
force mass x acceleration kg .m /51 newton (N)
pressure force + area _{t‘_{ , = N/W!z pascal (Pa)
work force x distance Nem = N joule (J)
power work + time “-‘-(vs-'-"— = Um/s watt (W)




Prefixes _\S5-uL .
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« Prefixes simplify the writing of very large or very small
quantities

Prefix Abbreviation Power
nano n 109
micro u 1076
milli m 1073
centi C 1072
deci d 10
kil % 10° ™
mega M 106
giga G 10°




N L] kg /m3 1o° 9lcm?
\ /

000023 — 2.2 x\0

2300006 = 2.3 155



Prefixes

« Alternative writing method
« Using standard form"

3) ase)

« N x10"where 1 <N <10andnis an integer

————e—

This galaxy is about 2.5 x 10° light
years from the Earth.

2500060

energy
/ levels
®/ nu%us

2 NI 3—;
The diameter of this atom is
about1 x 10719m,

o,noooooaq\'
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http://upload.wikimedia.org/wikipedia/commons/f/ff/Andromeda_galaxy.jpg
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Name the base quantities and identify their Sl units. What are the

convenient ways of writing very large and very small quantities? USv ¢

Pre€.ike s
Rewrite the following guantities using suitable prefixes.
M

(a) 5000000) 5SMT  (d) 485000N 48sk . [ &
(b) 48000g 48 k9 (e) 0.000007m 3 19) N4 Xl-:
© 000095X(6° &.45  J A lt_oj?; Seoo oo

T Sooee k) )
Rewrite the following measurements in the units suggested. g3, pos o &XlO
(@) 760mminm (d) 107" cmin mm 5
(b) 45usins (e) 7.2kminmm M )

(€) 3.2x108minkm (f) 2.5msinys

How many bytes of memory space are there in an 80 GB hard disk?
(B in GB stands for byte)



ny

@ o F60 mm —_— M A ) 3o

760X16 *= 0. 76 mn

/ lo-' Cwr e nn
16 X110 = )
L YsgMS 5 S /‘g_s—
] (6 ) ms
Y.5 X16 Ss ,_‘75

7210 wwm
3
v 3.2 X0 m o e
? -3

- 2.5 mS ___ s Ms




Scalars and Vectors

- - -

 Scalar quantities are quantities that only have maqnltude
Example distance (meter)

a/\f af >
Measuring Mass Measuring Temperatur




20 +10= 32
20w -S=- 25
Scalars ’
s\ LR Tz ¢35 an—tan s
 Scalar quantities are added or subtracted by using simple
arithmetic.

Example: 4 kg plus 6 kg gives the answer 10 kg

\oky

W

~ 6 kg
4 kg — = S

=+E-5



Scalars and Vectors

a > =\2
« Vector quantities are quantities that have both .
magnitude and direction 281> 7 san by

Magnitude = 100 N

Direction = Left

=




Scalars and Vectors

) ) \ ap
gl axle L @S abal o
« Examples of scalars and vectors

-—

Scalars Vectors
(> polus distance displacement 2o\N (o
o~ speed velocity AT as =~
ols Mmass weight G s
wos time acceleration g
“al-i. pressure force O
lole  energy momentum L=
21 volume
41 density
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Scalars and Vectors 4ley S

Adding Vectors using Graphical Method
- Parallel vectors can be added arithmetically(direct  ¢w

=D

simple addltlon) v 2, O—,

€-5 = 4 lett WM

6N 4 N
2N

2 N 2 N

4 N




Scalars and Vectors

Adding Vectors using Graphical Method
- Non-parallel vectors are added by graphical means
using the parallelograniTaw = Yo 8, /7=
- Vectors can be represented graphically by arrows

50cm = 20.0.N

—A

- > Direction = right

- The length of the arrow represents the magnitude of the vector
- The direction of the arrow represents the direction of the vector

———

- The magnitude and direction of the resultant vector can be found _
using an accurate scale drawing (’;’5 e Lo M > ysaleas (-3

oN cS.
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Scalars and Vectors

o ~AF=" aF
The parallelogram law of vector addition states that if two vectors
acting at a point are represented by the sides of a parallelogram drawn

from that point, their resultant is represented by the diagonal which
passes through that point of the parallelogram

o> o W 5 Yo nit e 7w S Al
._‘_a(d\;»;.a-.)\\.!ajl-’ \}-A_‘;—' :_,(_?’,i‘(-"'/
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Another method of Adding Vectors

* ToaddvectorsAandB p au,us B of o ceyn
- place the starting point of B at the ending point of A

- The vector sum or resultant R is the vector joining the startlng point of vector

Ato the ending pointof B (@ cvw S\ A alo cos & ¢f ataSY
- Conversely, R can also be obtalned by placmg the startlng pomt of A at the

- Now the resultant is represented by the vector jomlng the starting pomt of B to
the ending point of A




K EY CONUCEPTS

1. Scalar quantities are quantities that only have magnitudes

2. Vector quantities are quantities that have both magnitude and
direction

3. Parallel vectors can be added arithmetically

4. Non-parallel vectors are added by graphical means using the
parallelogram law




QUESTIONS

1 Determine the resultant force in each of the following situations.

(a) -a-SNEM-:: , [h} EII"'»]IlH EN , Fre 345 - 2
= 9-9= 4N Cast
(<) 1 (d) !
5N 5N
1 SN L SN SN

2 Two forces of magnitudes 5N and 8 N act on a body. What are the
maximum and minimum resultant forces that can act on the body?

3 Two forces P and Q act on a body. The maximum and minimum
forces that act on the body are 13 N and 7 N respectively. What are

the magnitude of the forces Pand Q7
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SELF-MANAGEMENT

Carry out the following activities to make sure you
have really understood this chapter.

I. Misconception Analysis

Think carefully about the following statements:
Are they true or false? Check the answers at the
back of the book to see whether you have any

/ misconceptions.

1. Physical quantities must have both
magnitude and unit.

2. Base quantities and base units are

the same. True
3. Derived quantities are not physical
quantities. True

Y

(g 2
4. Sl units for length, mass and time
are the metre, gram and second
respectively.

True @

5. Rrefixes are used to express big

numbers only. True /€alse
6. Non-parallel vectors cannot be
added arithmetically. True) False

Parallax error is due to the incorrect
positioning of the eye when
taking readings.

@f False
True(Ealse“,

A reading should be recorded as 10.0 cm
instead of 10 cm when the measuring _o

Zero error can be eliminated by
taking more readings.

instrument is a metre rule. / False
@The period of oscillation for a
pendulum increases with length. Trues/False

Il. Self-Check

Complete Self-Check 1 to check what you should
know and understand in this chapter. Go to the
Longman website to download the checklist.

l1l. Self-Reflection

Complete a Self-Reflection sheet for this
chapter and reflect on what you have learnt.
Go to the Longman website to download the
sheet.



PRACTICE

. Multiple Choice Questions

1. Which of the following quantities is not g hase
quantity?
(A) length

@ weight

(C) temperature

(D) electric current

(A) 3.54 .M mm

(€) 354 x10'm
(B)354><10’!cm

(D) 3.54 x 10°km o

3. When two forces are combined, the magnitude
of the resultant force depends on the angle
between the two forces. Which of the following
cannot be the magnitude of the resultant force
when forces of magnitude_3 N and 7 N are

combined? pas
@3N Q7N men o
(B) 4N (D) 9N

gt
2. Which of the f ollowmgmhem:ﬂﬂnﬁ}‘:b m
g

a

P+Q@
QP

4, Which diagram correctly shows the addition of
vectors P and Q?

& €)
I A %P{
km
Q _P Q

@¢P=
IR j 0 j
5( p
Q e P-Q-R
5. Astudent doing an experiment needsto measure
the internal diameter of a beaker as accurately as
possible. Which instrument should he use?

(A) measuring tape ernier calipers
(B) metre rule (D) micrometer



6. Figure 1.29 shows part of a vernier scale.

4
cm

Y5.5mm

Figure 1.29

What is the reading on the vernier scale?

(A) 4.50 cm (C) 5.00 cm
@ 4.55 cm (D) 5.45 cm

7. Figure 1.30 shows the mm
vernier scale of a travelling 30
microscope. What is the
reading shown?

A) 32.5 mm
(B)) 35.5 mm 35
) 40.0 mm

(D) 44.5 mm

257

40

45

Figure 1.30

8. Figure 1.31 shows a micrometer scale. What is

the reading shown?

20
0 5
? mm
10
s ——
Z'\/\A'\j ;“'
Fi :
|gure§r:5rq—
A) 5.14 mm (B) 5.16 mm
5.64 mm (D) 5.66 mm

. The time taken for the pendulum to swing from

XtoYis 2.0s.

A"
AY
Figure 1.32
bob
X Y

What is the time for one oscillation of the

pendulum?

(A) 1.0s 2.0s

(B)
(C) 3.0s @ 4.0s



Il. Structured Questions J7: co: co:2usz65= 300y
1. (a) Theageofthe Earthis 10" s. What s the

age of the Earth in years?  335°- isvaas ="
(b) Suppose your hair grows at a rate of

0.08 cm per day. What is the rate at wmm

Fokm _ oxe

grows in nanometres per second? T e
(c) The highway speed limit for cars is 70 km h-'.
What is the speed limitin ms™'?
(d) The density of wateris 1 g cm™. What is the
density of waterin kgm=? = 100 &/m?

9/cm”? @/T Km 2

P




2. (a) From the list below, which are vector

quantities?

force, acceleration, distance, pressure, mass,

speed

(b) When two forces of 10N are added, the

magnitude of the resultant force depends

on the angle between the two forces.

(i) Describe how it is possible to pr-:::--:::luc
Zzero resultant force 2&‘["-“ and Of(fosire fomo_s

& (ii) Describe how it is possible to produce a

resultant force of 20 N. —T/—3 Same dvehion

(iii) Draw a vector diagram to show how a

v

— resultant force of about 10 N mavy be
A obtained.

3. (a) Awooden block is placed beside a ruler as
shown in Figure 1.24 below. What is the
length of thhe wooden block?

__woodaen block

[.z 62_ ruler

ocrm 1 2 3 A = 6 T a 9 10

Figure 1.34 Ju - é.z _.3= “.“



\A L

(b) By using the data glvt?n In Figure 1‘3_5' Instrument | Name of instrument Diameter /cm
complete Table 1.8 with the appropriate
measurement fo the physical quantities. L Yrlew 1.6
000000 =002 Lo
JL8m 6000 km 4x10°m i Neoner Cat 1ol
Yooo o 092 < R Wi | 1623
Jx10*m 10000 m ”
o 006 ‘ / Figure 1.35 et
(b) To measure the diameter of a wire P, a
Physical quantity TR student coiled the wire on a pencil and
measured the length for 2Q turns of the
Height of Mount Everest [6 00O wire. Figure 1.36 shows the actual size of the
objects.

Radius of Earth L0 tin
Thickqess ofpaper Vg 107" IS ?
Distance from Earth to Moon (.{X ] 0 |

Height of a person |2 JTCM

(i) Using a ruler, measure the length of

wire P

Table 1.8 Figure 1.36

4. (a) Table 1.9 shows measurements of the

: = C 20 turns of wire P.
diameter of a rod using instruments P, Q (i) What is the diameter of wire P? 3 U -o2v
andR. (ili) Name an instrument in the Iaboratory
Name the instruments in the space that is more suitable to measure the

provided. diameter of the W|re P Wlth A/



I1l. Critical Thinking Questions

1. Estimate the length of each of the following:
(a) a desk, . -2
(b) a classroom, \J o7 o
(c) a basketball court, _ .
(d) a football stadium. PR

2. Estimate the mass of the following objects:
(a) an envelope,
(b)) an a le,
(c) a basketball,
(d) a desk,
(e) a car.

3. (a) Estimate the number of times yvour heart
beats in a day.
(b) Estimate the number of times a human heart
beats in an average lifetime.

4. An ancient unit of length called the cubit was
defined as the length of six palms, where a palm
was the width of four fingers of an open hand.
In what ways was this a bad way to define a
standard?



