Chapter 1

Measurement
e
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Measuring Thlngs\’r’ s s s0 s =

« To measure any physics quantity, we need magnitude and unit

* For example: the full day is 24 hours 1
- Table 1-1 Units for Three Sl

e Each unit must be compared to a standard - Base Quantities. 9 7
e S EASCY ‘)’.. wy - 0 29N 1 J"
. There are 3 Base Quantities (Length, Time, Mass). Quantity ~ Unit Name  Unit Symbol
* We then define all other physical quantities in terms of these pase Leneth meter m
Suvas -\ Tum, second S
quantities and their standards (calied pase standards). Mass kilogram ko
e — ‘ =t —"'I

. .om m ™M L T
 For example: volume is length % length % length, density is the ratio

of mass to volume (volume is length x length x length) ... as— m i
| o = ' ol S-a> (s
 Base standards must be both accessible and invariable —
Volumeg = L ALxd S0\ j

f

v m?3

- .ml
dewsti+ )= M_ = K9 j

Volume m?2
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The Physical Quantities
S =R\ o) 9o
There are two types of Physical Quantities

GW‘:’-‘-—?@ e;:-:n_--.’:n__:_"_‘_,\__é

Basic Physical Quantity Derived Physical Quantity

It is any quantity that can s oap s St
be expressed by the basic  plis_L (C.Cs
quantity, such as area, —toy ERWR
volume, density, force,

L'»ﬂ,‘/ <~ Time denoted asI ( S) velocgity, etc.

~lis [4 Mass denoted as M (kg)

JsP [~ Length denoted as L (my
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Systems of units

There are three common systems of units

" . - R - | -
@ International system of units (SI o AW\ 5_,<' Wt e ltd
 units) ST wait

British system of units (UK units) 9%’."” \"‘LU‘
(Uk wunit)

(feer) s ¢l
(Cad' unrt )

U= Quantity sl . British - CGS.
Length Meter (m) .~ Foot (ft) (;’ Centimetre (cm) -~
——
Time second (s) Second second
Mass Kilogram (kg) v Pound_mass (lbm) .~ Gram (g) ¢~
O _ga3\  Force Newton (N) .~ Pound_force (Ibf) .- Dyne .-

General Physics For Science Students-PHY1101



The International System of Units (SI Units)

length &~ meter m
* The /International System of units (abbreviated as Sl units) mass ¢~ kilogram kg
o , , time o~ second s
has only seven quantities that are chosen internationally as : - -
electric current sV = \» ampere A
base quantities. These units are used to Perivéany other thermodynamic temperature  kelvin K
- , N 01 2\ S U e o aps S amount of substance 3 ;b «Zmole mol
nit in science. - - . : . ——
u science ﬂ-ﬂ-‘-:—) _h.:-.ﬂ_‘ Lllmmous mtenSlty QMa Q
* In this course we need only these three base quantities: o )\ ¥,
length, time, mass to derive all other units we will study.
e ‘f t\ﬂ/)
6, J '
For example:
. cw (S| Table 1-1 Units for Three SI
as ~JI ;Pged =M Base Quantities
__ Length S
Speed = — , , e
——  Time Quantity Unit Name  Unit Symbol
Length meter m
Derived quantity base quantities Time second :
-_— Mass kilogram kg
. it of length
~. Unit of speed = ———5— =

unit of time
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PrEflxg_S for SI Unlts 3w = SX\OS Table 1-2 Prefixes for Sl Units
—-— <

.._.-'l Ju‘ Q,_M‘ dﬂ-—-ﬂJ[ Factor Prefix® Symbol

* To express the very large and ve@small quantities we often run into 102 yotta- Y

in physics, we use scientific notation, which employs powers of 10. In3 102! zetta- v4

0,00 L‘i — 10'% exa- E

this notation, “\ . 4.4 x10 g 10% et p

o 00 ‘0O\.a=14l0 10 tera- T

3,560 000 000,m = 3.56 x 10° m L800008 s e siga- G

~ (< 106 mega- M

_ -7 « _ -9 107 kilo- k

0,000 000 §92 $=4.92x10""s=492x107s 2 becto N

10! deka- da

10! deci- d

 When dealing with very large or very small measurements, we use :::j ::1'1':: ,:
the prefixes listed i |n Table 1-2, For example: %..“" /ot 10-6 micro- >

\. 24 %x\O x\o’q = V9 JJ’ /% 10-° nano- n

J 10-12 ico-

9 P P

1.27 % 10° meter = 1.27 gigameter = 1.27 Gm 2? ws 1015 femto. ¢

1018 atto- a

2.35 x 107° S = 2.35 nanoseconds =2.35ns 10-2 zepto- z

1024 yocto- y

2.35x\0 %10 = =2.35¢
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Changing Units o 1 olan fam bd. "J{] 60 S
e 1y O 1 GtV asas e = =
- w

* We often need to change the units in which a physical quantity is expressed.

W Tl U las Pe
* We multiply the original measurement by a conversion factor /\x.‘
For example, belcaL.Jse 16r(;1|n and 60 s are identical time intervals, we have: 1 )/a, =04/
min="0Ys = Conversion factor between min and s >
g > m— = w

If we need to convert 2 min to seco

| Qryh « {05):}26§
2min(60.s)=2m1n><.605=1205 ’IM

1min 1min

* Another example: we need to change the quantity 15 m/s to its equivalent in cm/min:

R100
Conversion factors are: 1 min=60s and 1 m =100 cm, so, 19m > 19 Sm
I S - mwn
éo
100 cm 60 s 15 mXxX100 cm X60 s
5 S 1m 1 min 1sx1m X1min 90000 cm/min - QOC?OOC'"/‘VUV\

e By using this method, we can convert any unit to any other unit (even if we are not familiar with these units)
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0/,09 (K’-‘S\} o;-?,)ad‘)‘d_;s ‘p\;’f—b'\" Up“‘,:‘gf o P > @)L.O u(j,-\

Example 1: The speed of a car is 35 m/s. What was this speed in km/h?

Solution: /
/ s

Conversion factor:

1 km =1000 m and 1h=3600s ‘Lo_‘_"-ﬂ
A
The speed is v = 35 Z=35 2 x (—2) x 22 .
s s 1000m 1h s TN
_ 35X1x3600 km _ 4. km/h »>60 ¢
1000%x1 h 3
-
» P LoO
3s m _ 35X10 Km i
- ———
1 (3 L W
3é0

— 3G x103 X360 = 126 m/h-

Q
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. . —. 20 >N N A
Notes on unit conversion: = PN e b . Iy
.

If there is a power in the unit, you must use the same power for the conversion factor.

1m=100cm 1lcm=10?2m

1 m2=(100)>cm? = 1 m? = (10 000) cm? 1cm?=(102)2m2=1cm?=(10"*) m?

1.m3 = (100)3 cm®= 1 m? = (1 000 000) cm? 1cm3=(102)°m3=1cm?®=(10"°%) m?3

For example, converting 5.3 m? to cm? unit will be:

For example, converting 5.3 cm? to m? unit will be:

1 m?2

2 -4 __2
5.3 m? ><(10000 cm ) = 53000 cm? 5.3 cm? x(lo m

1 cm?

) = 5.3x10~* m? = 0.00053 m?

5.3 m?' —35.3 Xl; o'"z:..- £ 3000 CM‘L

-4 2
o 2 05
5.2 cm —530 m 0-00°53#
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Length
I
* In 1792, the meter (m) was selected to be the standard unit of length. The standard meter
S ssonern o ——— -
m —s < _:QJ | d’ 1 It is a bar of Platinum-Iridium
. The old definitiorf of the meter: the meter, defined to be one ten-millionth kept at a constant temperature
——— e e The meter is defined as the
i distance between the two scratch
of the distance from the north pole to the equator. il
M e o

e Later, the meterwas defined as the distance between two fine lines

engraved near the ends of a platinum—iridium bar, the standard meter

bar, which was kept at the International Bureau of \Weights and

Measures near Paris. . .
AT et
* New definition of the meter: The meter is the length of ttle path traveled'by quht in a vacuum during a
OMD 321 (P sse)l askias ol S
.‘; f. l o o -0
- 29474 2usg -

time interval of 1/299 792 458 of a second.




Example: The micrometer (1 1) is often called the micron. (a) How many microns make up 1
km? (b) What fraction of a centimeter equals 1 um? (c) How many microns are in 1 yd?

Solution: @& _Fm -—b‘é‘M 1|<m=.- 11 IOqJ“m
(a) Conversion factors:
1km=1x103mand1m=1 x 10° um,

= 1km=103m
Now we convert 103 m to um:

10° m x(lxllor?‘/,zm) =

(c) Conversion factors:
&~

A

— 1yd=091m

0.91 m x

(1x106um
1m

1yd=0.91mand1m=1x10°um,
,c lyd —» 0:Qtm

0.9] M —s 00 no‘ﬂm

Now we convert 0.91 m to um:

1AM — Cm

(b) Conversion factors:
lcm=1x10?mand1um=1x10"%m,

= 1um=1x10"%m
Now we convert 1 x 107® m to cm:

104 cm

1 x 106 m x( 1cm )=

1x10™% m
-6
AH4m = 1x10 m
1x66m — 1x15°xe0

=9.1x10°um
) m
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Example: In printing some books, a length unit of “points” and “picas” are used: 12 points = 1 pica, and

6 picas = 1 inch. What is 0.8 cm in (a) picas and (b) points?

vy — = inch—s Picars — Poink

1vnch= 2.84cvm

1 immcw= 6 Prcas

yCa '2 Corni
We need first to co1h\?ert cm to mchP ‘

Solution:

Conversion factor:

1in=2.54cm
1in :
0.8 cm X (2_54 cm) =0.315in

Now we convert in to picas and points:
(neth e— G Godp o= O
083 _ 0215 inch
2.5
Preus St Mth GedvsHl @
6-3)5 inchx6 = .9 A Cus

a) Conversion factor:

6 picas = 1 inch
03151 ><(6pica5)_19 :
: in T ) = 1.9 picas

b) Conversion factor:
12 points = 1 pica

: 12 pointsy _ :
1.9 picas X ( 1 pica ) = 22.8 points

Povnk ¢ =« Ovcas Gob 5= @
-9 picas X12 = 22 g Poinks
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Time

L

Any phenomenon that repeats itself is a possible time

standard, for example, Earth’s rotation, which determines

the length of the day, has been used in this way for centuries

aF D ) ) . .
However, the accurac e this way is not

good enough for science and engineering technology.

To meet the need for a better time standard, atomic clocks

e

oIV s LN

have been developed
One second is defined as the time taken by 9 192 631 770

oscillations of the light emitted by the cesium atom.
o O i

. ; a.i:\.::’)
Atomic clocks are so consistent and accurate.

o N2\ alq 2631 770 o LI

(2r— o> Lf 5.5\

T
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Example: A plant can grow 3.7 m in 14 days. What was its growth rate in micrometers per second?

day % min < L}Jlm/%
A S N

Solution:

X2 X6 x40 grown YaES =3 14) L aimw
Conversion factor: &
3«F X6
1m=1x10%pum and  1day=86400s = 3Fm Mm
\Y doy ]9 K60 X66XK24 ¢
= 3 J‘m
The growth rate in m/days = 1?)47d21y = 0.26 m/day /S

Now, convert 0.26 m/day to um/s:

0.96 (ﬂ) y (1 x 106 um)>< ( 1 day ) _ (0.26 m x 1x10° umx1 day) -3 um/s

day 1m 85400s/  \ 1dayx1m x86400s
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. Mass used to be measured by making a comparison to the “standard
kilogram”

Mass

* The Standard Kilogram: The Sl standard of mass is a cylinder of platinum
and iridium that is kept at the International Bureau of Weights and
Measures near Paris

* The masses of atoms can be compared with one another more precisely
than they can be compared with the standard kilogram. For this reason, the
mass of carbon atom is used as a second mass standard. By agreement,

mass of carbon atom = 12 atomic mass unit (u).
Do 1u=1.66054 x 107%" kg

* In 2019, the kilogram definition has changed (it is defined now based on
i | physi tant T .
some universal physics constants). s fj»,-é\ v ) ponad

ﬁrlkdﬂ AP
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Example: Earth has a mass of 5.98 x 10?* kg. The average mass of the atoms that make up Earth is 40

u. How many atoms are there in Earth? 2u : -
5493 X\0 k9 vosd)als
HO W 5.2\ oS

Solution: ‘ ~
DN A N A [

Conversion factor: - -
1u=1.66054 x 10" kg 5 VS

N

1.66054 x 107% kg
1u

= mass of one atom =40 u X ( ) = 6.64 x 107%° kg

Number of atomns in Earth = ( mass of Earth ) _ ( 5.98 x 1024 kg

- 49
mass of one atom 6.64 x 10-26 kg) =9 x 10" atoms

-268
ahom ynass = HolU = Yo K | dbo5u x10”Tkg = £ 6uxioF
{L/Ulﬂﬂb?/ OfFD‘-}cOmS = ;_2')61'55 07[: eaxth ‘:‘59qu|qu — C/x,::_“jcra+om

mass of akor Loy 26
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Example: Assuming that water has a density of exactly 1 g/cm?, find the density of water in kg/m?.

e

-3
Tg _ 1xi0 9

1 X106 m?

— OO0 L/ﬂ/m3

() (A7) (L) (12 510 g = 2000 g

Solution:

Conversion factor:
1g=1x103kg

General Physics For Science Students-PHY1101



o Tou” P I\ NGt
A light-year is a measure of length (not a measure of time) equal to the distance that light travels in 1 year. 3X10 M

Compute the conversion factor between light-years and meters.

i . —s m
Solution: j_ },? W Yeav

The conversion factor from years to second is

M al | = o
365.25d 24h 60min  60s WAL Y a2l = co Ly

ly = 1y X X X X = 3.16 x 107
Y= " d T T T tmun > -
7{.’.“’" da}j v e ¢
he speed of light is 3.00 x 108 g
The speed of light is 3.00 X m/s. 3¢5 24 €0 g4

Thus in 1 year, light travels a distance of
(3.00 x 108 m/s) (3.16 x 107s) = 9.48 x 10> m

So that
1ly =9.48 x 10> m

/] /;7&,(; yenmr = speed ¢y Eirmée
= megm x36§>(2¢{><€0><§o)55/

[

4 Ly yow = q.ufxd’m
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