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* Physics and engineering are based on the measurement of
physical quantities (mass, time, length, pressure, etc.).

* We measure each quantity by its own “unit” or by comparison with a
standard.

A 1s a measure of a quantity that scientists around the world
can refer to.
* A . This has to be both accessible and invariable.

* For example; 1 meter (m) 1s a unit of length. Any other length
can be expressed in terms of 1 meter.

* A variable length, such as the length of a person’s nose 1s not
appropriate.

* Seven fundamental quantities.

* Three are needed for mechanics: length, time, mass.
* All have been assigned standards.

* Are used to define all other physical quantities.

Februarv 16. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 3
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* [f you want to communicate about your measurements with others in
the world, you need to agree upon some Standard Units of
measurements.

* SI Units used to be called MKS system of units. In this course we will
use International system of units (SI or Systeme International). It 1s

the power of 10.
Prefixes for Sl Units
[ J _—
Factor Prefix® Symbol Factor Prefix® Symbol 3 560 OOO OOO m
104 yolla- Y 101 deci- d 3.56 X 109 m.
1021 zetta- Z 10-2 centi- ¢ . .
o . . cont ¢ *Sometimes special names
o - . e p are used to describe very
ye era- -9 nano- n
10° o G 10-12 pico- p large or very small
106 mega- M 10-1 femto- f . .
10 kilo- K 10~ atto- quantities (Table 1-2).
107 hecto- h 10— zepto- z 9 __
10! LICI{&:- da 10~ yocto- y * 2.35 X 10 9 =
“The most frequently used prefixes are shown in bold type. 2 . 3 5 nano Seconds (nS)

Februarv 16 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 4
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* Length, Mass and Time, units for these parameters are regarded
as base units. (SI base units are m, kg, and s)

* Units for other parameters are

Units for Three S| Base Quantities defined in terms of these base

Quantity Unit Name Unit Symbol llnl.tS and are called derived
units

Length meter m

Time second . Joules (work-energy): 1 J =1 kg m?/s?

Mass kilogram ke Watts (power): 1 W =1 J/s = 1 kg m?/s*

Februarv 16 2022

— 'F_'z-"' ~ Mman

iﬁéﬁ kg mlo [ Sonle
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* Based of the base units, we may need to change the units of a given
quantity using the :

* Generally it 1s done by multiplying original measurement by a
conversion factor.

* For example, since there are 60 seconds in one minute,

I min 60 s
s 1 ™

2min:(2min)x(1):(27{n) (%) 120

* Chain-link conversions:

*1.3 km x (1000 m)/(1 km) =1300 m=1.3x 10°m
*0.8 km x (1000 m)/(1 km) x (100 cm)/(1 m) =80 000 cm =8 x 10*cm
*2845 mm x (1 m)/(1000 mm) x (3.281 ft)/(1 m) =9.334 {t

Februarv 16. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 6



Example: Chain Link

EX&M/Q F-M/ “// ;/A@ém /M

/Z(?/A,é 'L’m%é In o
2.998 xl o M/ ﬂ / i ‘7?& /Of/%
ghuop R _ 34525449 Y= Ry

Boﬂhﬁr fznu{ ’JI/YU?- f-—% ) /yéﬂ"
! 0
L (G ol 2 (e o
- ‘? Z{H X /E' M— Light year in meter in one single line!
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* Unit of length: “Meter” was originally defined in terms A
of the distance measured along the earth’s surface
between North pole (point A) and Equator (Point B).

* I meter= AB/10 000000

* Eventually, a more standard was needed, and
by international agreement the meter became the
distance between two marks on a bar of platinum-
iridium alloy kept at 0 °C.

* Today meter 1s defined as the distance traveled by light
in vacuum during a time interval of 1/299 792 458 of a
second.

*This definition arises because the speed of light 1s a
universal constant and is defined to be 299 792 458
m/s.

Februarv 16 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 8
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Some examples of lengths

Some Approximate Lengths

Measurement Length in Meters
Distance to the first galaxies formed 2 X 10°°
Distance to the Andromeda galaxy 2 X 10%
Distance to the nearby star Proxima Centauri 4 % 10
Distance to Pluto 6 X 1012
Radius of Earth 6 X 100
Height of Mt. Everest 9 x 1P
Thickness of this page 1 X104
Length of a typical virus 1 % 10-%
Radius of a hydrogen atom 5% 101
Radius of a proton 1 x10-1

Februarv 16 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 9
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* Any standard of time needs to be able to answer:

*When did a thing happen?
*What was its duration?
* Standards of time in the past have included:
*Rotation of Earth
*Quartz vibrations

. (cesium), with time signals sent out by radio so others
can calibrate their clocks. One second i1s the time taken by
9192631770 oscillations of the light (of a specified wavelength)
emitted by a cesium - 133 atom.

Februarv 16. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 10
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Some Approximate Time Intervals

Measurement Time Interval in Seconds
Lifetime of the proton (predicted) 3 % 10"
Age of the universe 5 % 107
Age of the pyramid of Cheops 1 x 104
Human life expectancy 2 % 107
Length of a day 9 X 104
Time between human heartbeats 8 % 1071
Lifetime of the muon 2 X 107°
Shortest lab light pulse 1 x1071°
Lifetime of the most unstable particle 1 x107#
The Planck time® 1 X107

“This is the earliest time after the big bang at which the laws of physics as we
know them can be applied.

Februarv 16. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 11
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* Today one kilogram is defined to be the mass of a standard cylinder of
platinum-iridium alloy, kept at the international Bureau of weights and

measures 1n S¢vres, France.

* The atomic mass unit (u) is a
second mass standard.

*It 1s the carbon-12 atom,
which, by international
agreement, has been assigned a
mass of 12 atomic mass units.
*] atom of Carbon-12 is
assigned a mass 12 u
*Used for measuring masses of
atoms and molecules

*lu=166053886x10% kg

@10 x 10 kg) Error bound

Februarv 16 2022

Some Approximate Masses

Object

Mass In
Kilograms

Known universe
Our galaxy

Sun

Moon

Asteroid Eros
Small mountain
Ocean liner
Elephant

Grape

Speck of dust
Penicillin molecule
Uranium atom
Proton

Electron

1 X 10°°
2 % 104
2 X 10°°
7 X 10%
5 % 101
1 X 10"
7 % 107
5 X 1P
3% 1073
7 % 1010
5% 1071
4 % 10-%
2 X 10727
9 x 1073

PHY 101 Phvsics I © Dr Cem Ozdogan
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* Mass per unit volume is called
* Density is typically expressed in kg/m?, and 1s often expressed as the
Greek letter, rho (p). n

027

* Calculate . . .
*Density of material: (18 kg) / (0.032 m?) = 560 kg/m’
*Mass of object: (380 kg/m?) x (0.0040 m*) = 1.5 kg
*Volume of object: (250 kg) / (1280 kg/m’®) = 0.20 m’

Februarv 16. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan
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. 1S how close a measurement is to the correct value for that
measurement.
* Exact/Correct value: 11.0 3 significant figures (sf)
*Measurements: 1).1, 11.2, and 10.9. These measurements are quite
accurate becausg they are very close to the correct value of 11.0.
* The of/a measurement system is refers to Zow close the
agreement 1s between repeated measurements (which are repeated
under the sange conditions).

. Uncertainty: A £ 0A A

* Percent Uncertainity:

% unc = 0A/A x100%
\ J

L . loo £ 4 : .
OW precision. L000 + 1 High precision.

High accuracy. Low accuracy.

Februarv 16. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 14
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. 1s used to express the very large and very small

quantities. Non-zero numbers are significant! (but with care)
*Example 1: 0.00035 (two significant digits)
*Example 2: 0.000325400 (six significant digits)
*Example 3: 2500 (two significant digits)
*In general, trailing zeros are not significant.
*In other words, 2500 may have 4 significant figures
*but usually 2500 will have only 2 significant figures!
*When in doubt, use scientific notation 2.500 x 10° or 2.5x10°
*Example 4: 3560 000 000 (three significant digits)
*Example 5: 356.00 (five significant digits)

* Scientific notation employs powers of 10 to write large or small
3560 000000 m = 3.56 X 10°m
numbers

0.000000492 s =4.92 X 1077 s.

. are meaningful digits. Generally, round to the least
number of significant figures of the given data (see next slide),
* 25 x 18 — 2 significant figures; 25 x 18975 — still 2
* Round up for 5+ (13.5 — 14, but 13.4 — 13)

Februarv 16. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 15
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Example: Significant Figures

f ) PRI o N g _ ™ _ oy
' = z.c;'n‘?/f}&- - g{'jﬂfﬁfmg{ 7@ (74) (34)!;-19%:”&_@ Pr‘g’},)g/f)gg 7U’ﬂ(€rff? n

By’ 1.995m 7 - y Bl

2.00 m (34f) ii.aéin’! / ,/jz et , M CXens
2.000m (4 sf)y _—1.9995 /M X . wifh
———p.0005 M S e 0.27232727- 'd'{m{m{w

) z £§02.5 Jen : ¢//. 0 _ | 7.(
603 i (3 54) 4p3.5 em* '%?ﬁim’ <hould be the cmmfi‘e"" .

000()55 (2,5/} ﬂ:ﬂ[ 6 s’f) = LA numbes c-r]( _S,,f :

| o = AP
s of 598x1074 (35 i
M‘f”h £.0 x /Om’gﬁs{,)

Addition, Substraction: round to the least precise place of the given data
3.0+11.01=14.01 —> 14.0

Multiplication, Division: round to the least number of significant figures
of the given data

Februarv 16. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 16



Example: Chain Link
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Example: Uncertainity. Error Propagation

p&ﬂﬂ/ézﬁz £ yfaj n

MIpAINERET

Pas_ares” )
™ 26 em(z20 /
27 6? ¢ +0-1/

5 Ve s,

Yo h
(0 ¥ enor I mewln

Minimum
division is 1
mm 1in ruler.

{/i:j b ij wndiAta f/h’/

({:,9 tas)

70.9)

[Ty
3738 30 40 41 42 43 44

g |

Februarv 16 2022

1ZM0R
KATIP CELEB]
UNIVERSITES]

. 3 m:»'
24 G(MJ 60
/ ' ﬁm.ﬁﬁ"ﬁﬂ«"f;‘/

.::'}ﬂ?ﬂ }

(u{z/ﬁ%’dit 0? > U?A i

3cmt)s S’ > 505* S an
ctdc

cm)”

Uncertainity in Result.
Simple Expression: 6a+ob !
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Example: Uncertainity. Error Propagation 7 e

= Dot :
Wé X1.610-1em rg.Z,f.‘Z /'5:_:‘.(?;/5,‘??): 432 L 0Z2cm
'{‘ M&J%F ’0‘7‘ Widlhs : ( zf-ffﬁr(em/j?-ffﬂ:/aﬂ) ~>(A1hA, BrAB)

Ul = A_ 48 :& AC=(DA%¢ B8Z =V0.1%+01% - 0,14 ~ 0.1
. :3> D= g—fq ﬂorrmﬂ.fﬂgz ?: 'q‘rg,f%l ‘541’_._., {J,/é ~ O-A

% —> C=49.5 101mde D=6.320.1 em
Gl Eoabbt— 52X AY b - Do s 50 SRS AL

- (1 of Py 1ty e o T

. - . A 2 7 2
Mson C=216%279 = 603 cr D¢ 403 M’V}?i‘); ;i%ﬁg =
2 d ; éiﬁfi@l »'{?.153 1);2;@;;(2-?;) y
& " o . - e
Rl il g PR e

AC= C{n}_ﬁﬁ, ~AC=A3[3) 0.1

_.A—g @MM - Méfun.ﬂ.;fﬁ fa ”% &_"_df:;'é |
M”{%TMZ Cos 16 } Sin@ 2 (lost \E)

We generally round uncertainties to one significant figure anyway,
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Example: Uncertainity. Error Propagation 7 e

Eu..,;é
(” 1o fﬂ")(ffgmzm)
~ AA - m\/(_ 02)3
(5222 #5 <p0) iz’ (i3 ézzz
~Haxted _ osa%mmgw :g 0«&1"9( 0.0 fm/f-?zw = 0. 50005
S220L 2 2
d : \ In igj Hj

& orNy —5,4 +FAA=O. t?S’é&’.to
Dples A 6l dnsad sty g,., h s wll il spied itz

by f.ﬂa’(?rz?ﬁé’: Ll A / £2063¢
cu}mf ’ 5 J=ht-49 s
iy 4‘% 807 o o) o

atAa ¢9f4£iazw%ao+gﬁr)ﬁéa_lam
49) Ugee

d‘. 2, ;(m. & Na-(z2 4mJ J@ 05) (6 fﬂ)l 62 43?)/4'9 ffZ)
Sf? i i P N, W
=0.24m o-11{303 ---

b+Ab 6> 1{4 5:%)@{01& 06s )" . — Ab= 5}:![_2&&)-(%4){2)@ {o)
20- 35 )

3 < é /’3‘44’7’1 4 sf?

= 0636 & Ay=\[(029m)% (035 m) = 0442040 —
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1 Solved Problems Rl Criivesisimisi

1. Spacing in this book was generally done in units of points and picas: 12 points =

1 pica, and 6 picas = 1 inch. If a figure was misplaced in the page proofs by
0.80 cm, what was the misplacement in (a) picas and (b) points?

f

4 1 indh=25¢cm
6 preas = | inch Oﬂmmﬁa ﬁaér: e
{’LP‘&”’"&" [ pica _ f?‘;/ﬂt/ {;z 0.30cm = :)4/9:::;?0
i)

1/n¢h N’
t) ©.30m) = (0-30 cm) ,zsff,.)(r,,%r 89 o

. s
@H&‘cm) o 300’1 %( 24 /ﬁdﬂ- ’ﬁ@/
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1 Solved Problems Rl Criivesisimisi

2. Travelers reset their watches only when the time change equals 1.0 h. How far,

on the average, must you travel in degrees of longitude between the time-zone
boundaries at which your watch must be reset by 1.0 h? (Hint: Earth rotates 360°
in about 24 h.)

[0)3:010,. TS"M KM cnga a ﬁoafgfw bedroce 1 ""’H”‘?’- “’”u’(g

g 5" WMW (pmu&n
26°-45° Dﬁu_

2 b sl Mf-—-ﬁ ('A‘/?-*?‘
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1 Solved Problems il s

3. A lecture period (50 min) is close to 1 microcentury. (a) How long is a
microcentury in minutes? (b) Using

actual-approximation)mni

percentage difference =( actual

find the percentage difference from the approximation.

- it o WPRE o o T 1 4\ ECm_s,
V9 1 cankey “ﬂ“"’w‘@% Ble 1

Cloe fo S0 min'
0) (sthae 599 116 -y et

$R.6 gt

23
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4. Earth has a mass of 5.98x10% kg. The average mass of the atoms that make up
Earth is 40 u. How many atoms are there in Earth?

: e ¢9
A = mans of Colam2 = 54810 "l = IOk 10 afms
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5. Gold, which has a density of 19.32 g/cm?, is the most ductile metal and can be
pressed into a thin leaf or drawn out into a long fiber. (a) If a sample of gold, with
a mass of 27.63 g, is pressed into a leaf of 1.000 um thickness, what is the area of
the leaf? (b) If, instead, the gold is drawn out into a cylindrical fiber of radius
2.500 um, what is the length of the fiber?

W p B30/ Dbty maked
M 7

) m=24- 633 %QM 7ﬁ/rf:.:sf) M %&M = A=,
=1 ..A*d = :____,___2”59 Y

m %hwéwf " 32"%”

Aa-(/u /"”’” HMZ/‘?’”})@(_/ Areaz 430>

/t/
”) r=2 S‘od/um _:;cy(mdfmw( wire *—?4"&7’“\4—9
2y ,é m—/j’ [.q5cm o
oshoobe-" . o e —Y—ffM T (3 (R /Z

- Wg Ll O o B BBl
3.1 (25090 ﬁ?ﬂﬂ
P e

p——
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Measurement S| Units
* Defined by relationships to ° International System of Units
base quantities o Each base unit has an
. Each defined by a standard, accessible standard of
and given a unit measurement
Changing Units Length
. Use chain-link conversions * Meter is defined by the distance
° Write conversion factors as traveled by light in a vacuum in
unity a specified time interval
. Manipulate units as algebraic
quantities
Time Mass
. Second is defined in terms of * Kilogram is defined in terms of
oscillations of light emitted by a a platinum-iridium standard
cesium-133 source mass
. Atomic clocks are used as the ° Atomic-scale masses are
time standard measured in u, defined as
Density mass of a carbon-12 atom
° Mass/volume
m
P — 7 Eq. (1-8)
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Additional Materials
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How we measure?

Bu soru Kopenhag’daki bir Universitenin fizik sinavindan alinmistir: «Bir gokdelenin yiiksekligini
barometre ile nasil bulursunuz, anlatiniz.»

1. “Barometrenin ucuna bir ip baglarsiniz sonra gokdelenin tepesinden asip sallarsiniz. Barometre
yere degdiginde ipin boyuyla barometrenin boyunun toplam1 gokdelenin yiiksekligini verecektir.”
2. “Ilk olarak, barometreyi gokdelenin tepesine ¢ikartip kenarindan asag1 birakip yere inene kadar
gecen sureyi Olgersiniz. Binanin yiiksekligi (H=1/2gt?) formiilii uygulanarak hesaplanabilir. Fakat
barometre i¢in kotu bir secim...”

3. “Veya giines parliyorsa, barometrenin yiiksekligini 6l¢ersiniz. Sonra onu bir yere dikip golge
uzunlugunu ve sonra da gokdelenin golge uzunlugunu 6lgebilirsiniz. Bundan sonrasi basit bir
orantiy1 ¢ozmek olacaktir.”

4. “Fakat bu konuda gok bilimsel bir cevap istiyorsaniz barometrenin ucuna bir sicim baglayip onu
bir sarkacg gibi sallandirabilirsiniz; 6nce yer seviyesinde daha sonra da gokdelenin
tepesinde. Yiksekligi T=2n (L/g)2 formiiliindeki farktan yararlanarak bulabilirsiniz.”

5. “Yahut da gokdelenin disarisinda bir yangin ¢ikis merdiveni varsa barometreyi bir cetvel gibi
kullanarak yukariya ¢ikarken gokdelenin boyunu barometre yiiksekligi biriminden sayip bunlari
toplayabilirsiniz.”

6. “Eger ille de ortodoks ¢oziim istiyorsaniz, tabii ki barometre ile gokdelenin tepesindeki ve yer
seviyesindeki basinci 6l¢er milibar cinsinden ¢ikan farki feet’e ¢evirebilirsiniz ve yiiksekligi
bulursunuz.”
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How we measure?

“Ancak bizler daima zihnin bagimsizligi ve bilimsel metotlar
kullanma konusunda tesvik edildigimiz i¢indir ki en 1y1 yol sliphesiz
hademenin kapisim1 ¢almak ve yeni bir barometre isteyip istemedigini
sorarak gokdelenin yiiksekligini soylemesi durumunda ona bu
barometreyi verecegimizi sOylemek olurdu.”

Bu cevapla sinifin1 gegen 6grencinin adi:
Niels Bohr,

Fizikte nobel odiilu kazanan tek Danimarkali...
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1-3 International System of Units il s

TABLE 1

The S| Base Units

Quantity Name Symbol Definition
length meter m “... the length of the path traveled by light in vacuum in
1/299,792 458 of a second.” (1983)
mass kilogram kg “... this prototype [a certain platinum-iridium cylinder] shall
henceforth be considered to be the unit of mass.” (1889)
time second 5 “... the duration of 9,192,631,770 periods of the radiation

corresponding to the transition between the two hyperfine
levels of the ground state of the cesium-133 atom.” (1967)

electric current ampere A “... that constant current which, if maintained in two
straight parallel conductors of infinite length, of negligible
circular cross section, and placed 1 meter apart in vacuum,
would produce between these conductors a force equal to
2 % 1077 newton per meter of length.” (1946)

thermodynamic temperature kelvin K “... the fraction 1/273.16 of the thermodynamic temperature
of the triple point of water.” (1967)
amount of substance mole mol “... the amount of substance of a system which contains as

many elementary entities as there are atoms in 0.012 kilo-
gram of carbon-12.” (1971)

luminous intensity candela cd “... the luminous intensity, in a given direction, of a source
that emits monochromatic radiation of frequency 540 X
10'? hertz and that has a radiant intensity in that direction
of 1/683 watt per steradian.” (1979)
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1-3 International System of Units

Some S| Derived Units

Quantity Name of Unit Symbuol
area square meter m?
volume cubic meter m’
frequency hertz Hz ="
mass density (density) kilogram per cubic meter kg/m?
speed, velocity meter per second m/s
angular velocity radian per second rad/s
acceleration meter per second per second m/s*
angular acceleration radian per second per second rad/s?
force newton N kg - m/s?
pressure pascal Pa N/m?
work, energy, quantity of heat joule J N-m
power watt W Jis
quantity of electric charge coulomb C A-s
potential difference, electromotive force  volt Vv WA
electric field strength volt per meter (or newton per coulomb)  V/m N/C
electric resistance ohm 0l VIA
capacitance farad F A-s/V
magnetic flux weber Wb V-s
inductance henry H V-s/A
magnetic flux density tesla T Wh/m?*
magnetic field strength ampere per meter Alm
entropy joule per kelvin JK
specific heat joule per kilogram kelvin Ji(kg-K)
thermal conductivity watt per meter kelvin W/(m-K)
radiant intensity watt per steradian Wisr

PHY 101 Phvsics I © Dr Cem Ozdodan
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PROBLEM: The world’s largest ball of string is about 2 m in radius. To
the nearest order of magnitude, what 1s the total length, L, of the string
of the ball?

SETUP: Assume that the ball is a sphere of radius 2 m. In order to get a
simple estimate, assume that the cross section of the string is a square
with a side edge of 4 mm. This overestimate will account for the loosely
packed string with air gaps.

CALCULATE: The total volume of the string is roughly the volume of

the sphere. Therefore,
4

V=(4x10")'x L=3m R'~4R’
42 mf

=32 10%m=3 e
(4x10°m)
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