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1-1 The Scientific
Method M

ACADEMY

Louis Pasteur (1822-1895) : + (1895-1822) 91wl angl

e He is a developer of : oo g e
o Germ theory bl dyylas o
o Pasteurization of milk adodl 8yiuy o
o Rabies vaccination Sl els 2s quehkill o

« Called the greatest physician of all time b placl Gasdl oy o

« He was a chemist by training and profession J> o SlesS OIS e

aigally ol \

The Scientific Method : clall zgioll

A combination of observation, exﬁerimentation, formulation of laws,
hypotheses and theories.
bladly . olslyuddly «uledll deluog oyailly dasNall (o guio 5o |

Observation: natural exks 4>l
. j gl
or experimental e

U

Hypothesis: tentative .. :4,.,a
explanation e

}

fevnse'hypotheﬁls: Experiments designed «..... .
If experiments ShOW  @——— to test hypothesis &/ )L

that it is inadequate ‘ |

Ogbl 13l 2dusydll dexlyo
4918 e Lgil dpsyall

Theory (or model):  ,.,a psuay syl \
> amplifies hypothesis P Ol5ai5 asyg

——"—\

and gives predictions

Modify theory: ‘

if experiments show 4 Experiments: to test i ol
that it is inadequate predictions of theory ' =

Oyabl 131 el Jyass ‘
LS yue Lgil oyl

—_——————

Theory established:
alls i, el UNIESS later observations e _7

ol )dlless o experiments show
dlail 508 . .
inadequacies of model
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1-2 Properties of M
Matter
ARMS

ACADEMY

e Matter: &l
Occupies space, has mass and inertia. I3 jguads aliS Lalg liu> J2i6 Lo o

o Composition: uesil

Parts or components. ObgSll gl el

example: ex. H20, 11.19% H and 88.81% O \

e Properties: Jailasll
Distinguishing features. 800l Colawll

o physical and chemical properties d.louSg dibib sailas

Chemical Property Physical Property
&S5 lasSIl duolall &bl duolsl

« is the ability (or inability) of a sample of
matter to undergo a change in
composition under stated conditions.

Ol Lle B3lall (yo digal (8)al pac ol) 8y3all Lo
8330 Logybs i LgaaSyi 9 ki) guass
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o Characteristics that can be
changed without changing its
composition.

LosS)d pe2y Ol 093 1485 Ol OSe Hl palliaxdl

4
4

q

1

Physical properties of sulfur and copper
ool oSl dsbiwall (ailasdl

A chemical property of zinc and gold: reaction with
hydrochloric acid
vae> go Jelatll t iy lijll diluasS duols
hy)olSg)asgll




Rl SRS SR bt (a

1-3 Classification of M
Matter

Matter is made of atoms. ACADEMY

. . o l ° . &_') . LAJI o
« There are 114 elements, 90% available Ou 2> oo BgSo 83
ydan (o %090 , uaic 114 Gl o
from natural sources.

» Compounds are comprised of two or L3S of cppmaic (po 385 Ll o

more elements. Olasg ol Lo Olsadl e

e Molecules are the smallest units of . LSl
compounds.
0 \
- b

H
\
O

—OiH

Gamma globulin

A classification scheme for matter
53l0l) byl ok

Matter N

83l
No can it be seperated by Yes
physical means ? \
Flwglh lghad Sy Jo
Substance Saibjeal Mixture
4.8 6500 \ 5 — Xt —
can it be is it uniform
No (Ij‘]eco.mplosed by a’) Yes throughout ?
chemical process * i
Jois o OSew o Bt
S losS ddec dawlg No ’ Yes
Element Compound Heterogeneous Homogeneous
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N = AX+Q x=

e y

1-4 The Measurement of
Matter : Sl (Metric) Units

ACADEMY

Table 1.1 S| Base Quantities

Unit

Physical Quantity

Length Jobll meter? m

Mass sl kilogram kg

Time ool second S |
Temperature &)=l kelvin K

Amount of substance  ésloll doS moleP mol \
Electric current® byeSIl Ll ampere A

Luminous intensity! ~ s.Ls31 5. candela cd

aJisJl ]
Multiple Prefix
1018 exa (E)
1015 peta (P)
1012 tera (T)
10° giga (G)
106 mega (M)
10% kilo (k)
102 hecto (h)
10! deka (da) |
10~ deci (d) Temperature
102 centi (c) e \
10z milli (m) T e
10°¢ micro (x)? wcbine
1077 nano (n) ~ it |
10-12 piCO (p) —303:1)!;3:% g6 °F
10—15 femto {f) L27ak Fose  |-a2cF
107> atto (a) | gl .
10-21 zepto (z) 0 <-<g_f_%'_"_"-'"_"_
{04 yocto (y) 0 5

i il

The Greek letter u - ..
(pronounced “mew”).

0

K —273.15°C —459.67°F

Absolute zero




EXAMPLE

Converting Between Fahrenheit and Celsius Temperatures ACADEMY

ogaladly Calgirgall )Ll Ol)s G Jag=dl

» The predicted high temperature for New Delhi, India, on a given day is 41°C.
dygto d2)3 A1 (b (420 poy 6 i)l 1 @1es O dadgiall ebasll Bl iz
« Is this temperature higher or lower than the predicted daytime high of 103°F for the
same day in Phoenix, Arizona, reported by a newscaster?
Bgil «puSsiad L poall pud L9 dedgiall akasll bl dz)s o JBT ol Llel dz)all 3o Jo
Saadoll 053 Lo s> olgizgd doys 103 gl Lillg \

Analyze Jul=ill

« We are given a Celsius temperature and seek a comparison with a Fahrenheit
temperature.
Colgirgall 8> d>) lgi)lie )9 pwerudndl 8)l)> d=)s Lyl
« To convert the given Celsius temperature to a Fahrenheit temperature, we use the
equation given previously that expresses t(°F) as a function of t(°C).
Al Lme 8)9S 3]l doleall pasiius walgirgall Ll pwerwledly SUasall 8)lysdl d>)s Jag=d
t(°C) Lo IS (°F) (e il

Solve J=JI
« t(°F) = (9/5)t(°C) + 32 = (9/5)(41) + 32 = 106°F
e The predicted temperature for New Delhi, 106°F, is 3°F higher than for Phoenix,
103°F.
L9 Syhadl ds)s cpo Dlsys oy Llel wulgired 106 . glsgu (59 d=dgiall 8yl d>)a
" T Cilebes 108 . uSuiss

Assess puaill \

« For temperatures at which t(°C) > -40°C, the Fahrenheit temperature is greater than
the Celsius temperature.
0953 Gl Bhal D)3 GO Gusslendl Hhadl d2)s o Lol Cualgirgall ol dz)s eSS
" " 1(°C) > -40°C lg.é
« If the Celsius temperature is lower than -40°C, then t(°F) is lower than (more
negative than) t(°C) (Fig. 1-8).
ST 1) BT 095 algingall 8=l dz)ys (L Co40- (o JST Gugamalpudl Shadl dz)s IS 13]
"  ogsiliandl Bl &5 o (dails




Derived Units

ACADEMY

Velocity de yul) m-s-1

m3, L, cm3, dm3

Volume axall 1 mé = 1000 L = 1000 dm? =
1,000,000 cm?

Force 5 5dll

kg-m-s-2

Pa
kg.m—l.s—z

Pressure Laall

Energy aalal)

kg.mZ.S—Z

| L | dm? lem?= 1 mL

I 'm ';xh / 10 cm

10 cm

Volume

sl | | |




EXAMPLE M

Determining the Density of an Irregularly Shaped Solid A RM S
JSdl plasio yuf clio Eun> dOUS 3yai ACADEMY

» A chunk of coal is weighed twice while suspended from a spring scale (see Figure 1-
10).

S35 Olee (o lgide clil Guiye exall (o dalad (g @3
» When the coal is suspended in air, the scale registers 156 g; when the coal is
suspended underwater at 20°C, the scale registers 59 g.
8)lh> d>)2 clodl s dales ()oST Lo.\i&g!iol)_é 156 olhunll Jowuw clggll (L9 ddles ()eST loaic
Lolye 59 sy C°20
« What is the density of the coal? The density of water at 20°C is 0.9982 g/cm3.
Sewlg 0.9982 (o C°20 sic cloll 49US Spall dOUS o b

Analyze J.>:ll

« We need the ratio of mass to volume of the chunk of coal.

el delas) el L dasdl dud )z Lisss.
« The mass of the coal is easily obtained; it is what registers on the scale when the
coal is suspended in air: 156 g.
156 :clggll (9 dales dehall 16T loaic Hluall dowww Lo o9 (dggun lgde Jouasdl Sy dlisdl
- - Ll);
But what is the volume of this chunk of coal?

Sl o delaidll 030 2> 92 Lo (S
« The key to this calculation is the weight measurement under water.
clall s ol Gulid 9o dpluadl ddosll 030 7 lias
» The coal weighs less than 156 g when submerged in water because the water exerts
a buoyant force on the coal.
eoill Gle 293 895 (guby slall O3 sloll L6 yasd Losic Lolye 156 (po J5T ()3 el
« The buoyant force is the difference between the two weight measurements: 156 g -
599g=97g.
Lolye 97 = ¢ 59 - £ 156 )l uolid G (Brall o 293l 893
« Recall the statement on page 42 that a submerged solid displaces a volume of water
equal to its own volume. )
oz bgluwo slall (o lax> iy sgeall cabiall @l ol 42 doiuall 8 3y9 Lo 335
« We don’t know this volume of water directly, but we can use the mass of displaced
water, 97 g, and its density, 0.9982 g/cm?, to calculate the volume of displaced water.
oliSq (LI)_é 97) zlxdl cladl dliS alasiwl LiSoy HSJ bl JSin zlholl cloll @ 8)25 3
2>l Olusd (euw/§ 0.9982)
» The volume of the coal is equal to the volume of displaced water.

Zhall clall g (59l @oxdll @

= [/ 0
WY A\



Solve  J-JI

e The mass of the chunk of coal is 156 g.

Lolyé 156 o il dalad dlis

« If we use m_water to denote the mass of displaced water, then the volume of the

displaced water is calculated as follows:

b LS g zhiadl cloll e L8 w2 lhall cloll diS e 3ol m_water Loasiwl 13]
e V=m_water/d= (156 g-59g)/0.9982 g/cm3 =97 cm3
« The volume of the chunk of coal is the same as the volume of displaced water.

» Therefore, the density of the coal is

e d=1569/97 cmd=1.6 g/lcm3

Zhall cloll a2 (soluy @l dakd e

Lo @l d8US 5 .l

Assess el

« To determine the density of an object, we

might think it is necessary to make

measurements of both the mass and volume

of the object.

$r9pe)l (o il 38125 28 (Lo @z LS 32l

pxlly disl o JS G0li3
« Example shows that a volume measurement

IS not necessary.

ISt bygrds o el Golid of sy Juall

« The steps in our calculation can be

combined to give the following expression:
Sl il clacl Lo Olusdl Wlghs ey (S
 (density of object) / (density of water) =

(weight in water) / (weight in air - weight in

water)

 (sladl 6 Oj0ll) = (sLodl 8US) / (sl &9LS)
(sladl 9 0ol - clogll 9 O)9ll)




1-5 Uncertainties in M

Scientific Measurements

ACADEMY

Systematic errors ool clbs 3l

e Thermometerconstantly 2°C too low (Built-in).
2 )lada Ladly Gaasio 81yl ljue®C (oo Uas)

Random errors i 5ig.:.qll <>l

« Limitation in reading a scale (Experimenter’s skill). \
(U)Juo.“ 5)[.@.0) EJ)..\J.” 5;')_6 Elg..)g.)obo

Precision L./ duall

o Reproducibility of a measurement.

oobaall 1,5 dbls

Accuracy ds.ll

e How close to the real value.

dubpdsl dagdll o )pall (a0




V= AX+Q x= - < [~ A bt (a

A
1-6 Significant N B
Figures
ARMS
Significant Figure Rules: d,gic0ll 58,31 xclgs S
.

1.All nonzero digits are significant. |
dogo i dpauall yut pld)31 JS M
2.Zeros are also significant, but with two important exceptions for quantities
less than one q
35lg oo S OlaSl (yaogo Gusliinl go HS) dago puisi Loyl )lawdl
o Any zeros: lawl sl
(1) preceding the decimal point |
d ol duolall G
(2) following the decimal point and preceding the first nonzero digit h
(5310 yué 08y Jol Jubg &y pinell dlolall a2y iU

are not significant. )
dogo pis 3
3..The case of terminal zeros that precede the decimal point in quantities
greater than one is ambiguous. S
dl> o a>lg o 1S3l leSl 0 pinell duolall (Gawnd LAl dilgdl )l dis x*
ool

0.0040045 M

! — \5 '

Not Significant: Not Signiﬁcant: Slgnlflcant S|gn|f|cant_ Slgnlflcant
zero for zeros used only all zeros all nonzero zeros at the end,
"cosmetic" to Ipcate the between nonzero integers to the right of
purpose. decimal point. numbers decimal point.-
iy — ool sy Lo on laodl Js yu slacdll JS iledl L3 Hlaod

(deleozd) poded o0

Y

& yazl| A raall yue slacdl a0l dlolall (yuoy

WY A\



The calculators show the effect of the change in a low precision L 4—’,
number (N) in a calculation .
: ARMS

c Ul (N) doall aaxio @9 9 sl )JJL’ Wb‘“ 33 )'GLU ACADEMY

1479 x 12.11 x N

ﬂl.—ﬂl.—ll&lﬂ

TI-56-11

EXAMPLE

Applying Significant Figure Rules: Multiplication/Division
doundlly L yuall :dyginoll ?L§,‘>!| aclgd Guudns

Analyze J.J=3l

By inspecting the three quantities, we see that the least precisely known quantity, 0.0035, |/

has two significant figures.

Omsize (uad) Lo (sgind Lillg :0.0035 Lo @8y Lgldl ()l ka3 ol OleSIl paxd N> (o

Our result must also contain only two significant figures.
Jndé Gngine (uedy Lle Ll gl (seiz O oz el

Solve J=JI .

When we carry out the calculation above by using an electronic calculator, the result is
displayed as 0.0364583.

0.0364583 :z5ll rglay «duigyisS)] duwl> dl plasiwl dpluwadl ddasell <l sic
In our analysis of this problem, we determined that the result must be rounded off to two
significant figures,

(D90 U.uo.Q) L,.” L_)).QJ L)I ) @Ul u‘ Looas L;.Jl Lo.)g



and so the result is properly expressed as 0.036 or as 3.6 x 102
2-10 x 3.6 i 0.036 192 z5lil) pusuall yusidl o6 ARMS

ACADEMY

Assess puaill

To check for any possible calculation error, we can estimate the correct answer through a
quick mental calculation by using exponential numbers.
S1aedl alasiwl duind Ay pusuall gildl 3185 liSey «Joixe ilws Uas sl 3529 o (§axil
A3
The answer should be (2 x 10-1)(4 x 10-8)/(2 x 10-2) =4 x 102, and it is.
oo 1309 2710 x 4 = (2710 x 2)/(3-10 x 4)(*10 % 2) 1) Ol v ol sl
Expressing numbers in exponential notation can often help us quickly estimate what the
result of a calculation should be.

Ay ghgiall Wl pads L6 WLE Laclun o (Soy wdl juopill alasiuwl

PRACTICE EXAMPLE A

Perform the following calculation, and express the result with the appropriate number of
significant figures.

Cnliall dgizall aléyY1 sae gl (e yicg AW doludl dulosll (5o T:
62.356 / (0.000456 x 6.422 x 10%) = ?

PRACTICE EXAMPLE B

Perform the following calculation, and express the result with the appropriate number of
significant figures.

‘canliall digizall a8y 532y Ll (e Hieg AW doluadl dlas)l ()2l
(8.21 x 104 x 1.3 x 10-3) / (0.00236 x 4.071 x 102) = ?

EXAMPLE

Applying Significant Figure Rules: Addition/Subtraction
oblly goxll :dyginoll ?L'é,‘il aclgd Guudns

Express the result of the following calculation with the correct number of significant
figures.

usuall ygizall A6, sasy LW dnlusdl ddasll @b (e yic
(2.06 x 102) + (1.32 x 10%) — (1.26 x 103) = ?

Solve J=JI

(2.06 x 10?) + (1.32 x 104) — (1.26 x 109)

= (0.0206 x 10%) + (1.32 x 104) — (0.126 x 10%)
= (0.0206 + 1.32 - 0.126) x 104

=1.2146 x 104=1.21 x 104




PRACTICE EXAMPLE A:

Express the result of the following calculation with the appropriate ARM S
number of significant figures. ACADEMY

wwlinll dygiall (:Lé)‘xl 33y dJUl dplusdl ddesll 250 Ge yic
0.236 + 128.55 -102.1=7?

PRACTICE EXAMPLE B:

Perform the following calculation, and express the result with the
appropriate number of significant figures.

wwlinll dygigall (:Lé)iu daey wldl e yieg (AUl dplusdl ddosll g_‘S).?T
(1.302 x 10%) + 952.7/ (1.57 x 10%) - 12.22 =7

Both Multiplication/Division and
Addition/Subtraction with Significant Figures

When doing different kinds of operations with measurements with significant
figures:
« do whatever is in parentheses first,
 evaluate the significant figures in the intermediate answer,
e then do the remaining steps
dyginall al8)3l go Blwlall e Oldas)l (o dalise ¢lgil cha] aic
owlsd3l J513 90 Loy Bgl @8
bwgll Ul 8 dygioll P@)‘xn el e |
duiiall Olghasll JoSl sy o M

3489 x  (5.67— 23)= ‘
2dp 1 dp
3489  x 337 = 12
4 st ldp & 2sf 2sf



R ding: _u,sdl
ounding: .)éi ARMS

When rounding to the correct number of significant figures, if the number—, . /.1y
after the place of the last significant figure is :

08 35T g8go sy @8)l HIS 13] dyginall Al8)3 (o pusuall sa2ll I sl dic
L 9D (§9i0

1- between 0-4 (round down): 490w es)ll

o drop all digits after the last sig. fig. and leave the last sig. fig. alone
9.@[05)93|L59.&40J| @9l &yily (sgine pé)pTw(alé)gl&A?g_ébl . \
e add insignificant zeros to keep the value if necessary
203 23 13] doudll Lo Blasd) dgiso pué [Hlawl casl o

2- between 5-9 (round up): 995 o @)l '

 drop all digits after the last sig. fig. and increase the last sig. fig. by
one

3>lg Hladay jus3l ool @8yl 5)9 (s9ie @3, 351 asy (alé)’il o> Bi>| e
« add insignificant zeros to keep the value if necessary
203l 23 13] doudll Lo Blasdl dgizo pué [Hlawl casi

To avoid accumulating extra error from rounding, round only at the
end, keeping track of the last sig. fig. for intermediate calculations

2o ladl b basd oyl @8 iyt Go 3L las @1y il
dawgll Oblwal <Ll sgize @8) 35T daylio

2.34 rounds to 2.3
Examples 2.37 rounds to 2.4
2.349865 rounds to 2.3
0.0234 rounds to 0.023 or 2.3 x 10"M{-2}
0.0237 rounds to 0.024 or 2.4 x 10"{-2}
0.02349865 rounds to 0.023 or 2.3 x 10" {-2}
234 rounds to 230 or 2.3 x 100
237 rounds to 240 or 2.4 x 100
234.9865 rounds to 230 or 2.3 x 100

Rounding to 2 significant
figures:

WY A\
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