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1.1 The Nature of Physics

o ) . ACADEMY
Physics is an experimental science.

iz ple o2 chjuall

Find pattern

(Theory)
(dyyladl) Joadl sl

. . . — .
Ask questions —— Design experiments — Make observations ——
w3l )bl euouaill o)l O lasNaoll ¢lysl

!

Theories can be revised by new observation.
83035l dasall J3s o Wbkl deslyo Sa

Theories have arange of validity.
doual )0 s o L) Sl
Measurements and numbers are required to perform
experiments and explain the results.
Aol 7 pang el 3 dslhall pl8) 3y Wlwlisll
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1.2 Solving Physics Problems
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Problem-Solving Strategies that offer techniques for
setting up and solving problems efficiently and accurately.

Slsall Jo>g slaed wlids paas il eodSuinedl J> byl
.<'i§.>9 5;Lé5~..)

Identify = Determine target variable and given quantities.
sUasciall SluasSdlg Lo givnall ) 2inll 30350 — 2asull

Setup = Choose equations based on the known and unknown
values.

Dgg=ally A9yl @l Lo cliy doleall jis] — slacyl

Execute = Do the math.
bl chyal e dpaill

Evaluate = Dose answer make the sense.

2o lgd 3l Jo o apdill



1.3 Standards and Units
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In mechanics, three fundamental quantities are used;
tdanliol OlaS MW padiuws « SolSeall Lo

fundamental

quantities
dwlw3 | O lwasSl

Time (second) s V

(460) ol . .
e Length (meter) m (plreslsS) dlasil

(o) Jshll

Mass (kilogra) Kg

\t
Other quantities in mechanics can be expressed in terms of the u
three fundamental quantities and are called derived quantities. \

Olasll s o el 8 (53531 DlasSl eyl Sy
daiinoll OloSIl Gowndy ol dpwlodl



Area: A product of two lengths.
deb gt Juols i lunoll ARMS
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Speed: A ratio of alength to a time interval.

io) 316 | Jolall &t e punll

Density: A ratio of mass to volume.
el Gl AiSII duows sdolisdl

Some units of Length, Mass, and Time
Ooilly disly Jobll Wilasg Gasy

Length Mass

I nanometer = Inm = 107 m i . — - 6o = 91
I microgram = 1 ug = 107 g = 10" kg
(a few times the size of the largest atom) (mass of a very small dust particle)
1 micrometer = | um = 10%m - -3 B
g I milligram = Img = 1072 g = 10%kg

(size of some bacteria and other cells)
(mass of a grain of salt)

— -7
Il millimeter = lmm = 10" m
: 1 gram =1g =10"ke
(diameter of the point of a ballpoint pen) & & 5
) L (mass of a paper clip)
I centimeter = lem = 10 “m

(diameter of your little finger)

= 3
1 kilometer = lkm = 10" m
(distance in a 10-minute walk)

Time

I nanosecond = Ins = 107s
(time for light to travel (0.3 m)

| microsecond = 1 us = 1075
(time for space station to move 8 mm)

‘112 =3
I millisecond = Ims = 107" s

(time for a car moving at freeway speed
to travel 3 cm)




1.4 Using and Converting units
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An equation must always be dimensionally consistent. You can’t
add apples and automobiles; two terms may be added or
equated only if they have the same units.
1Ol lwg Zlas liSoy 3 Lokl dduusio Ladls doleall (955 ¢l
Olasgll Guds Lag) OIS 13] basd lagilsleo gl (> d8Lal (So

For example, if a body moving with constant speed v travels a
distance d in a time ¢ , these quantities are related by the equation;

9 d d8luo gladg V Al deyuuy puuzas)yos 13  Jliadl Jaew Lle
dlsleadl das )b colesS)l 03 Lo T (o)

For example the equation distance = speed x time
d (m)= v (m/s) ¢ (S)

¥ Both sides must be in the same units and dimensions, if d is in
' meters, v also must be in meters.

ole3l d S 131 L sleyBlg lasgll uais el 35 ugsj ol tasu
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Example 1.1 Converting speed units
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The world land speed record of 763.0 mi/h was set on October
15, 1997, by Andy Green in the jet-engine car thrust SSC. Express
this speed in meters per second.

C mi\ (1.600 km\ [ 1000 m 1h
763.0 mi/h <763.0 h>< . >< - ><3600 s)

= 341.0 M/S




1.5 Uncertainty and Significant figures
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Measurements always have uncertainties;
The uncertainties depends on the measuring devices.
pac WAl deieiy (udy pac WAL Lle (59153 Lo Lails wlwlisll

ooldll 83g=! Lle Gudyl |
Example, the thickness of your mobile phone is announced to be M
5.15 mm With ordinary ruler, precise to 1mm. ‘
|[you can write 5 mm not 5.0, 5.00, 5.10 Or 5.15]
ow 5.15 4l Lle Jgamo €3y claw G el @3 (Jliadl Juww Lle
00 1)l 3uBaadsle 8ylauio alaiwl, |
Smaller uncertainty IS a more accurate measurement. D
485 S| | bl OIS 2ol el Asc 1S Lol

The uncertainty in the measurement is indicated by the number of
significant figures. dygisall ali3l s Golial o oEElase L)

Significant Figures; The digit that are known with the certainty
plus the one digit.

. |
3>lg ©8) Nl sl d>)a bgyeall @8yl tdyginall als)3 M
Multiplication or division: q
Result can have no more significant
figures than the factor with the fewest
0.745 X 22

significant figures . = 0.42
g g ¥ I ol 1 3.885
' 132578 X 107 X 4.11 X 103 = 5.45 x 10* }I

dygine pld)l Lle dayidl (59123 Ol Sy 3
oo e J8l Gle saim s3I Jolall (o il
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Addition or subtraction:
Number of significant figures is determined by the term with the
largest uncertainty (i.e., fewest digits to the right of the decimal

pOll’lt) C)'b'” ol &A}.”
d>)3 Sl Lo (seiu (Al axdl dhawwlgy dyginoll Pl.'éf)” 33 25 @iy
(dpuinell dluolall uay Gle pl8)31 (o sac J3I (1) (pubiddl pe

27.153 + 1382 — 11.74 = 155.6

Example 1.3 Significant Figures in Multiplication

The rest energy F of an object with rest mass m is given by
Albert Einstein’s famous equation £ =mc*, where c is the speed
: of light in vacuum. Find £ for an electron for which (to three

| significant figures) m = 9.11 x 107" kg. The SI unit for £ is the

. joule (J); 1]= 1 kg « m?*/s>

C = 2.99792458 x 10* m/s

E = (9.1 107 k2)(2.99792458 * 10° m/s)>
= (9.11)(2.99792458)*(107)(10%)* kg « m*/s’
= (81.87659678)(10""*¥) kg o m?/s>
= 8.187659678 x 107* kg « m*/s*

E=8.19 x10™ kg ¢ m*/s* = 8.19 x 107 ]

WY A\



1.7 Vectors and Vector Addition
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Vectors = have both magnitude and direction.

Displacement - area - velocity - Force - torque.

Oboall pje - 898l - dejull - d>luwall - =131 S0
\\r.ag““

Scalars = Scalars have magnitude only.
bhsé ,labe lg) — Slwlall
Mass - time - speed - distance - temperature - density - energy.
d5Uall - QolSI g iadl ds s —dBliodl = de ! - poyll - dliSI

Displacement as a vector quantity.
dgio 4SS dslj3l
(a) We represent a displacement by an arrow that points in
the direction of displacement.
1521 o5l G| i @gay o131 Jiey

/

Ending position: P,

Displacement A }

Starting position: P,
-

Handwritten notation: ﬂ

WY A\
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directed from the starting position to the ending ARMS

(b) A displacement is always a straight arrow

position. It does not depend on the path taken even """

if the path is curved

curved

0 d>g0 eabiwo @gw Ll o do 1))l P P.
xai2d B9 dylgill gdgs Ll Ll poge e

Hlwadl 8 o) s Asaadl ) lwadl e A
Gizio Path taken
Pl

(c) Total displacement for a round trip is zero (0), regardless of
of the path taken ordistance traveled.

. o

052 (0) Lo 5oLl 83aes OlBS dlsy) &1 3l
dc il d8Litoll ghasaell yluall (e sl

P,

The meaning of vectors that have the same magnitude and the
same or opposite direction.

OluSlaio of olxidl Luaig Hladell Guai lg) LIl Olgziall ino

/
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Because vectors have different orientation in space, we can not
add them algebraically. Instead, we use the vector addition that
depends on trigonometry

33 Lo lgoox WiSey 3 isbaall 9 dalise la ol lg) lgiadl 53|

(a) We can add two vectors by placing them
head to tai. i

J 3 G Gl o g B0 0 20188 09 A//_c--m

(b) Adding them in reverse order gives the
same result: A+ B = B + A. The order doesn’t B

matter in vector addition. ,;f ;C_ 3.
T=A+

uwlgmugwxwpl RA+B-A+T

(c) We can also add two vectors by placing them
tail to tail and constructing a parallelogram.

00 09N Cusu lageusd gy (ugie o> Layl LiSay
£3sl silgso slinly Jadll LIl o
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— —

only when vectors A and B are parallel does
. . -

the magnitude of their vectors sum C equal

the sum of their magnitude: C =A + B

A B
e E——
Eooxo ()9S Gulgio B g A (lagxiall (1950 losic ngo  mmmmm———

C = A+ B :Lao)laio goomnol Goluo logrgnio jlase ¢ =A+ B

when A and B are antiparallel, the magnitude
of their vectors sum a)equal the difference of
their magnitude: ' C = |A - B|
1 A
goozxo O ¢ HuwSleia By AGeSylodic || =
o0 Bl (sgtailiag,g3io)lad, e ——— A —

C=A-B:laslado (=A+B B

. . . —_— _> —_—
Several constructions for finding the vector sumA + B + C
A+ B+ C Olgniall fgamo g sl dac

To find the sum of these three vectors



(a) add Aand B to getf)> and then add C
to D to get the final sum (resultant) B

DL,chaml(wDunggiazuBgAam
R (Jamall) Gilgdl goamall Lle Jouoll

(b) or add B and C to get_E> and then add

—

)
AtoEto getT{)

E IR goxl o5 B Bl Jg*akﬁﬁ;gkﬁ;&a?l N

(c) or add A, B, and C to getﬁ) directly.

5pilso Rl Jowandl € o A, B gas! ol

(d) or add A, B, and C in any other order
and still get K.
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To construct the vector difference A - E you can either place
the tail of -B at the head of A or place the two vectors AandB
head to, head.
A ool 69 B a3 gudg Lol cliSay « A - Bwluﬂ@}dlgwx
a>9J Le>9T3’9 A sgzioll gudg of

Subtracting B fromA . . 1s equivalent to adding —BtoA.

A
- B

Witthnd —ﬁ)head totail, A - I_B)is

the vector from the tail of Ao the . A % (=)
head of —B. 2 't =5

016 ol g0 agl gy B A 520 2o
B- Gy A S e gn A — B

with A and B head to head, X -B 1S
the vector from the tail of A to the
tail of B,

Cl.x:.o.”g!bA B ‘CL>9.| L3_>9B9A.)9_>9&o
B s> WA Usd o
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Example 1.5 Adding Two Vectors

at Right Angles ARMS

ACADEMY

A cross-country skier skis 1.00 km north and then 2.00 km east
on a horizontal snowfield. How far and in what direction is she
from the starting point?

\/(Ioo km)* +(2.00 km)* = 2.24 km

opposite side _ > 9o km
adjacent side  1.00 km

tan © = = 2.00

6 = arctan 2.00 - 63.4°

the\direction as 63.4 east of north or
00 w0300 —20.6° Nouth ofeast
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1.8 Components of Vectors
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1 N Th ts of A
Representing a vector A in terms of o The components of

L] }‘ ":‘
its components A, and A,.
ol iy . A Y 4
Ao A ailigSo Ca> o Nzl Jutes & B
, = Asin |
| ! | ]
Pl x
0 Ay = Acosf«"

In this case, both A, and A, are positive.

A=A, A,

A, =Al€0s O J \_) A =Asin®

0 measured from the + x=axis, rotating toward the + y-axis.
Y sl 9205 (lhgally « X Hemall (1o O Gl iy

The sign of the components depends on the angle from zero
degree; suall d2)3 o dglill Lle ligSall 8Ll aaiss

The components of a vector may be positive or negative numbers.
Adlw gl duzgo Lold)| dxiall HligSe ()eST 28

(@) y (b)

B, is positive.

B_\-- (+)

Both components of C are negative.

WY A\
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Example 1.6 Finding Components
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(a) What are the x- and y-components of vector D in Fig. 1.19a?
The magnitude of the vector is D = 3.00 m, and angle a = 45°. (b)
What are the x- and y-components of vector E in Fig. 1.19b ? The
magnitude of the vector is E = 4.50 m, and angle B = 37.0".

(a) Angle « 1s (b) Angle 3 is measured from the
measured in the +y-axis, not from the +x-axis.

y wrong sense from H
the +x-axis, so in i \ /
Egs. (1.5) we %

must use —a.

A
£ X ¥ ¥,
R - ¥
v : N E / '
i N / N “ '
v =) | D J| 7 >y ,7 We must use 6, 2

I which is measured from
the +x-axis toward the

+y-axis, in Eqgs. (1.5)

(a)
D E=ab. Co0T (3.00mM)(cosi(=45)) = + 2.1 m
Dy =D sin 6 = (3.00 m)(sin (-45)) = - 2.1m

(b)

0 =90.0 - B=90.0" -37.0 =53.0°

E, = E co0s53.0 = (4.50 m)(cos 53.0) = +2.71m
E, = E sin 53.0" = (4.50 m)(sin 53.0) = + 3.50 m
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Finding the vector sum (resultant) of Aand l?using components.

R is the vector sum
(resultant) of A and B.

Resolve each vector into its x- and y-
components.

Ay =Acos B Ay =Asin 6
BX — B COS e By — B Sin e The compnncnls(ul'i\;alz'c the sums

of the components of A and B:

Rl B8 R4,

Add the x-components together to get R, and the y-components
to get R,

Calculating the magnitude of the resultant with the Pythagorean

Theorem
R= 1 /RX2 + R’

Determine the angle

_ Ry
O = arctan R,
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Any two angles that differ by 180" have the same tangent.

oolaall Gudi Lag) 1807 ylxday lakiss (uiz)s sl

Both positive (B)
(0) 290 Loads

A, is negative (180-6)
(180-0)ddL A,

Four cases exist
O3B )l 324

Both negative (6+180 )
(0+180) Il Loads

A, is negative (360-6)
(360-0)dJlw A,



1.9 Unit Vectors
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A unit vector is a vector that has a magnitude of 1, with no units.
[ts only purpose is to point that is, to describe a direction in
space.
sl 8Ll g0 3ol dsyé lazmg ey 1 )lade d) dxio 98 83>g)l dxio
" sLaall 3 olail Cawog

We will always include a caret, or “hat” (») , in the symbol for a
unit vector to distinguish it from ordinary vectors.

o3spai) 83>g)l Ao jo) 6 . (%) "dd” gl izlysl dode (puandiy Ladls podiuw
dyslell lg>iall e
Unit vectors 1 and j point in the directions |
of positive x- and y-axis and have a |

magnitude of 1. 5
Vo X Oyeaall oLl (8 )9 T83>g)l dxio yuin o x

1)lade Lagly « ool

q.
We can express a vector A in terms of Aj
. q A A
1ts components as; A = A + Ay

Lle 5lgSo Cus o A dsuiall Gyl LiSoy
A= Ad+ A Ul gl
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Example 1.8 Using Unit Vectors
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Given the two displacements

D =(6.001+3.00] - 1.00 K)m and
E =(4.001-5.00]+8.00Kk)m

find the magnitude of the displacement 2D - E.

"=2(6.001+3.Q0] - 1.00 K)m - (4.001 - 5.00 ] +8.00 k) m

= [(12.00 B £00)1 £(6:00F 5.00)] I (-2.00 - 8.0())12] m

= (8.001 T1L00.7% 10.00 K) m

F=~/F2+F2+F.2

= \/(-8.00 m)* + (11.00 m)* + (-10.00 m)*

=16.0 m
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Scalar product
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Scalar product is also called the dot product

il u)wu LJ_@L> oul Ll Ll Opall Juols e ik
the quantity A« Bis a scalar
dysac AeD oS

AeB—-ABcos8 - |K||E>| cos 6

If0is between o “and 90°, A+ Bis positive
Li>go A » Buglolon: 0" " o 0 cal8ls)

IfOis between 90 “and 180°, ATBis negative
LJLJJA-Buls 180" 990" (yw B SIS 13)

If8 =90" ,A-Blszero
2o s8I A s B olé. 6 = 90 culs 13

ej=kek=(1)1)cos0’ =1

o1

— >
|
Nt

ek=7ek=(1)1)cos 90" =0

I
bt >

°]

— >

AeB=AB,+AB,+AB,



Example 1.9 Calculating a Scalar Product
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Find the scalar productz_&) « B of two vectors in Fig. 1.28. The
magnitudes of the vectors are A = 4.00 and B = 5.00.

y

130.0°

0 i3 0.0 8.53.0 = 770"

Als B=AB €08 6 — (4.00)(5.00) COS 77.0" = 4.50
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Vector product
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Vector product is also called the cross product

Lol Opall Juols el Lanl Leaiell Opall Juols Lo gl
The direction perpendicular to the plane stablished by the

— —
two vectors A and B.
B o & sgziell dawlg aguwyall sgimall Lle (53509l ol
C=ABsin©

using the right- hand rule to find the direction of A x B
A < B Bkl Sloud eudlsld] 3aclo ('al.).z.;..w|

1- Place A and B tail to tail.
Jo3 QI LS B g Nas
2- Point fingers of rlght hand along &,

with palm facing B
44_>9J&0Aul.£u;.cuj| AJIanob)wl
B 9_>d ..\A.” <1.>|)
3- Curl fingers toward B.

B olaib pliodl cal
4- Thumb pomts in direction of A x B.

A B ol )l plgdl puy

ixj=-jxi=k
ixi=jxj=kxk=o0 jxk=-kxj=1i
kxi=-ixk

C.\' - /\_\‘Bz - AZB_\‘ C\ - AZB.\‘ - Asz Cz - AlB\ - /\_\‘B.\'

WY A\



Example 1.11 Calculating a Vector Product
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Vector A has magnitude 6 units and is in the direction of the

+ x-axis. Vectors B has magnitude 4 units and lies in the xy-plane,

making an angle of 30° with the + x-axis (Fig. 133). Find the vector
- -

product C=AxB.

ABsin 6 = (6)@)sin 30) =12 , " ¢

By the rlg“ht hdnd rule the direction of A x B is along the
+ Z-axis, soC AxB- 12k
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