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1.1 The Nature of Physics
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Physics is an experimental science in physicists seek
patterns that relate the phenomena of nature.

Blas blail (e cbjuall slale dud Coy upzd ele o cbjsoll
daubll algly

The patterns are called (Physical theories.)
SLiall Obyladl blesdl Gaws

A very well established or widely used theory is called a
physical law or principle.
L5L3u8 Tauo ol Ugild gulgiglias Lle dossiwall gl 13> dswolyl dybadl ouws

According to legend, Galileo investigated
falling objects by dropping them from the
Leaning Tower of Pisa, Italy, ... .. L

e ... and he studied pendulum motion
by observing the swinging chandelier
in the adjacent cathedral.
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1.2 Solving Problems in Physics
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All of the Problem-Solving Strategies and Examples in this
book will follow these four steps :

030 OSN30 8 ¥Suinall J> dlioly lizshyiul guoz guiiw
20,31 Wlghasl |

Identify — the relevant concepts, target variables, and

known quantities, as stated or implied in the problem.

OleaSllg d8gimall Wisially dlall I3 esalaall — il
ASuinoll L5 i gl y9Sie 90 LS ddg 20l

Setup the probelm — Choose the equations that you’ll use

E
to solve the problem, and draw a sketch of the situation. !

Loww) @yl ,alSuinall Jod Lgoasumiw Gl Wdslanll jin] — dSuinall slach @8

uf
S
\t
Execute the solution = This is where you ”do the math.” |
s Sl 98 130 — 3xail M
7 Olusbyll aus agsi " -
Evaluate your answer — Compare your answer with your
estimates, and reconsider things if there's a discrepancy.

s90l 3 slaill acly elilads go elilz] o)d — elilz] @ud
s s oS 13)

}
L
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idealized Models (a) A real baseball in flight

A baseball spins and has a complex shape.

To simplify the analysis of

A\Ir resistance and

a) a baseball in flight, we SR
wind exert forces --
usce on the ball.

Direction of
motion

b) an idealized model.

Gravitational force on ball

depends on altitude.

(b) An idealized model of the baseball

Ireat the baseball as a point object (particle).

¥
NoO air resistance. -

Direction of
- motion

Gravitational force *

on ball 1s constant.

1.3 Standards and-Units

Length, time, and mass are three fundamental quantities of
physics.
£bjpall Go duwlwl eSOV Lo diSlly Cdglly Jokall

The International System (SI for Systeme International) is \
the most widely used system of units.

in SI units, length is measured in meters, time in seconds,
and mass in kilograms.

ol gLSIb Aislg ilatll dglly HLioBl Johall Gwldy ST lasg
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Unit Prefixes

Prefixes can be used to create larger and smaller units for
the fundamental quantities. Some examples are:

suolg 38T Olasg clisd OBsWI alasiwl (S
Awlw3l lwesSl

1 #m = 10-° m (size of some bacteria and living cells)

1 km = 10° m (a 10-minute walk)

1 mg = 10-° ke (mass of a grain of salt)

= 12 =102 ke (mass of a paper clip)

118 =107 s (time for light to travel 0.3 m)
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1.4 Unit Consistency and Conversions
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An equation must be dimensionally consistent. Terms to be
added or equated must always have the same units.
(Be sure you're adding “apples to apples. ™)
Oladliacl (eSOl ow sl ddwie dsleosll HeS5 ol s
Olasgll Gusi Leily Lgidsles of Lgidls] @i il
(".zladl ) zlasdl ” @8Ls| (e 2SL)
Always carry units through calculations.
S blasdl J3 e Wils Silasgll Jool

Convert to standard units as necessary, by forming a ratio of the
same physical quantity in two different units, and using is as a
multiplier.
0o o JuSudd (gnborge 189 pall s duwlis wlasg Ll Jo>
aclibeS dolasiinly |, uidlise ()uidag 8 dibjwall deaSIl Guds

For example, to find the number of seconds in 3 min, we write:

60 S

3 min= (3 min) =180 s

1 min



Solution
Use the conversion factors:

1 km = 1000 m
1h =13600 s \

Therefore,

1,227.99 km/h x 1000 m/1 km x 1 h/3600 s = 1,227,990
m/3600 S = 341.11 m/S

Question 2

;A diamond has a volume of 1.84 in’. Determine its volume in:

1. Cubic centimeters (cm?®) \
2. Cubic meters ( m>)

Solution: Since 1 in = 2.54 cm, the cubic conversion
is 1in® = (2.54)> cm® = 16.387 cm?. Thus, 1.84 in® x (2.54
cm / 1in)’ = 30.15 cm’.

To convert cubic centimeters to cubic meters: 1 cm
=107 1m, so 1 cm’ = (107> m® = 10-°* m°. Therefore,
30.15 cm® X (1072 m / 1 ¢cm)® = 3.015 X 10> m°.

WY A\



1.5 Uncertainty and Significant figures
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The uncertainty of a measured quantity is indicated by its
number of significant figures.
Aolgll a5 31 33 J¥> o duoliall oSl 6 (il pac LIl HLin

For multiplication and division, the answer can have no more
significant figures than the smallest number of significant in the
factors. ;
o daasl ST ald)l >N ()9S Ol Yoy 3 Ldowndlly O uall duwilly
Jolsall 8 age 32c yuol

For addition and subtraction, the number of significant figures is
determined by the term having the fewest digits to the right of the
decimal point.
xlbhaall Jd> (adolgll'alsydl sac siami @iy, - yhally ozl duaill
A piasll dadil Gaey Gle 631 (e 3ae JBI Lle (59 (s3I

| As this train mishap illustrates, even a small percent error can 1
. have spectacular results! g | g
oS 8ys80 dygio At Uas i 130 5 Uadll Cools zusgy LoS '
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What do significant figures indicate about a measured quantity? Nl
A. Its exact value
B. Its uncertainty ARM\S
C. Its unit
D. Its conversion fac tor

Which rule is used when multiplying or dividing measured quantities?

A. Use the fewest decimal places.

S, B. Use the greatest number of significant figures.

C. Use the smallest number of significant figures.
D. Always use three significant figur es.

Which rule is used when adding or subtracting measured quantities?

A. Use the smallest number of significant figures.
B. Use the fewest digits to the right of the decimal point.
C. Use the greatest number of decimal places.
D. Always round to one significant figu re.

Calculate 12.5 + 2.5 using the correct number of significant figures.

A. 5.00
B. 5.0
C.s5

D.s5.00
Solution: Step 1: Divide the numbers 12.5+2.5=5 Step 2: Count significant figures
e 12.5 has 3 significant figures. « 2.5 has 2 significant figures. For multiplication

and division, the answer must have the same number of significant figures as
the factor with the fewest significant figures. The smallest number is 2
significant figures. So we write: 5=5.0 because 5.0 has 2 significant figures.

Calculate 12.35 + 4.2 using the correct number of significant figures.

A.16.55
B. 16.6
C.16.5
D. 17
Solution: Step 1: Add the numbers 12.35 + 4.2 = 16.55 Step 2: Look at the decimal
5 places 12.35 has 2 digits to the right of the decimal point. 4.2 has 1 digit to the
* right of the decimal point. For addition and subtraction, the answer must have
; the same number of decimal places as the number with the fewest decimal
places. The fewest is 1 decimal place. Therefore, round 16.55 to 1 decimal place:
16.5510.6

Y
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1.7 Vectors and Scalars

ARMS

ACADEMY

A scalar quantity can be described by a single number.
2>lg @8 dysaell deoSIl Caog Sy

A vector quantity has both a magnitude and a direction in space.
claall 3 ololy e Lg) dgaviall dpaSII

In this book, a vector quantity is represented in boldface
italic type with an arrow over it: A¢

Jblo £95 9 Wlgaiall oS Juiod ey oSl i 9 |
A Lg898 g 2o (Gole h
The magnitude of A¥ is written as A or| AY| .

AU ol A il Lle eagiSeA eaall

Drawing Vectors

Draw a vector as aline with an arrowhead at its tip.

The length of the line shows the Vector’s magnitude.

The direction of the line shows the vector’s direction.

P, Py
= ®

H , . Displacement B has
Displacements A and A" (he same magnitude
are equal because they as A but opposite
have the same length direction; B is the

and direction. negative of A.

WY A\
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Adding Two Vectors Graphically (1 of 3)

(a) We can add two vectors by placing them B

head to tai. "‘f ;C. A
J G bl o Lagsusey (agaie oz LSy

(b) Adding them in reverse order gives the B
- —

same result: A+ B =B + A. The order doesn’t e b i

matter in vector addition. c=ard

Olgzioll go> 58ag S iyl A+ BER LB

Adding Two Vectors Graphically (2 of 3)

(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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(a) 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
goaxe 0952 Omilsie B o R oleziall yeSy losic g
C:A+BLO.Q)|.\Q.D&9AMJGQLLMLA.GJ.GM)L\.QD E=E+§

(b) whenA and B are antiparallel, the
magnitude of their vectors sum C equal the
difference of their magnitude: C = |A - B

) — — A
£9030 OB ¢ HuwSlein B g A 99y Loaic A -
9 el (5ol Lagrgio Hlado r———
C=A-B:lad)lais C=A+B B

Adding More Than Two Vectors Graphically (1 of 3)

To add several vectors, use the head-to tail method.

The vectors can be added in any order. ¢

(a) To find the sum of these three vectors
B3 Olgzioll 030 gamo sl A



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

D C ool @D Lle Jooxl By A gosl
R (Jromall) iladl gganall Lle Jganl

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

- A
5rilio R Lle Youaedl G g A B 2ozl ol

(d) or add A B, and C in any other order
and still getl_{
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Subtracting Vectors

Subtracting B from A ... ... 18 equivalent to adding —B to A.

Witthnd —ﬁ)head totail, K— I_B)is

the vector from the tail of A to the
—_

head of -B. B/ - s o

. . é é
_L>:)l-9 (Bl go a4 L&?9B9A393950
B- pob QIR S et sa A~ B

With Xandﬁ head to head, X — Tf IS
. —_—

the vector from the tail of A to the

tail of B.

axiall 98 A - B iazg) lg=g B g & 392 &0
BU X3 o
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Multiplying a Vector by a Scalar

ARMS

) If c is a scalar, the product cAv has magnitude |c| A. Rt

o> 4 € A el Ol8 ,bsas € HIS 1]

b) a negative scalar.
ol dae dhwlg daviedl s JSuidl musg
o 33¢ g

(a) Multiplying a Vector by a positive scalar

A
changes the magnitude (length) of the I
vector but not its direction. 2A
—-

2> )R 90 (SINE LI dxiall Lo
ol G 58y asuall (Job)

x (b) Multiplying a Vector by a negative scalar

| changes it's magnitude and reverses it's *
¢ direction. A
_ —— |
22 o (53¢ (9 dxiall Lo - M
da il HuS2g dox> _3A

-3A is three times as long as A and
points in the opposite direction.

reing A o Olre M Jsbl 3A-
ouSleall ol 3

>
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3ol Causl ,dadld Loy (L9 (paamio 49l
Then use trigonometry to find the
magnitude and direction of the sum.
02> Gle yotall Oliliall ele pasiwl o

£ ol ollg
In the figure ,&cross—country skier ends|

up 2.24km from her starting point, in a

direction of 63.4 degrees east of north.

e Ml e adiially yo3l iy L JSuid! 9

03.4 o>l L,s LgoMhnil dlnds o 052.24 22
Jlaid| (8rés) 5

Question 5

A cross-country skier travels 1.00 km north and then 2.00 km east
across a horizontal snowfield (Refer to previous slide image).
How far is she from her starting point, and in what direction ?

Solution:

| Step 1: Find the displacement Using the Pythagorean
theorem: d = V|(1.00 km)* + (2.00 km)?*| d = V(1.00 + \
4.00)d = Vs5.00d = 2.24 km

Step 2: Find the direction
Measure the angle east of
north: tan 6 = east/north tan 6
= 2.00/1.00 = 2.00 0 =
tan-(2.00) © = 63.4°




V=X Tiax+a . e [~ A b*(a

A
2%
1.88 Components of a Vector M A-
b2 Adding vectors graphically provide limited accuracy. ARMS
0 . ACADEMY
Vectors components provide a general method for
adding VeCtorS- . The components of A
)993.839 30 495 Lilw Olg>ioll Cl.9ho! 993 \ ‘“r'_“ }”‘ht' I‘hl'_ﬂic.u'tiﬂlh '
lgnioll d8Ls3 dole dayb wlgnioll wligSe  f L S sadyaus,
Sk Any vector can be represented by an x- A . *
component Ax and a y-component Ay. x

Ay-component-y g componentax

ax dawly dxio sl Jetod oSon - Ew——"— u

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

Positive and Negative Components :

The components of a vector may be positive or negative

numbers, as shown in the figures.
AE)3I 6 xsge g0ileS il of dizgo lald)l daviall ligSe (19S5 28

(b) > h
~ B, is positive. .

'f;'. IS negative. Bot 5': .x-'-u-'-l-:Iq.i-;-;:l::‘.r;;‘; of C are negative. S
Finding Components .
We can calculate the components of a vector from its |
magnitude and direction. M
Ao >dlg doxs (o daiall WbigSe Wl LuiSay Y
(a) Angle a is measured in the wrong sense from )
the +x-axis, so in Egs. (1.5) we must use -a - / i
= g8 (1.5) 8 Al Xy gmall o bl Ginalls all dyglill pulas -
’ % —a AU ul oy e / N
(b) Angle B is measured from the +y-axis, not from S B m
E,(+) /o] :
S the +x-axis. ¥ £ AN
Bl X y0m0ll o udg LY el o s Angle ywlss ALY i ’
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V= AX+Q x= - < [~ A bt (a
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For each vector below, determine its x- and y-components.
(a) Vector D has a magnitude of 3.00 m and makes an angle of a=45.0".
(b) Vector E has a magnitude of 4.50 m and makes an angle of B= 37.0".

Use the diagrams provided, in previous slide, to determine the
appropriate signs of the x- and y-components.

Solution:

Dx = (3.00) cOS 45 = +2.12m
Dy = -(3.00) sin 45° = -2.12m
EX = (4.50) sSin 37 = +2.71m
Ey = (4.50) cos 37 = +3.50 m

direction: A =/Ax>+ Ay> andtan B = %

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

oz Lle jaiall daiall DligSe alasiwl lisay
dJs el PI.\'x,;,.ulg aalolg

We can use the components of a set of vector &<
to find the components of their sum :

B ool Olg=iall (o degomoe WligSke alasviwl liSay
» LG-C9M L_JL)QS.O ul_c The components of R are the sums

0 of the components of A and B:
R,=A,+B, R,=A,+B,

= [/ 0
WY A\
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Three hikers are searching for a hidden treasure in the center of a large, flat

e 72.4 1M, 32.0° east of north
e 57.3 1M, 36.0° south of west
¢ 17.8 m due so uth

One hiker decides to calculate the resultant displacement before starting to

Solution: Draw the vectors and find their components
AX = 72.4 8in 32.0° = 38.42m
Ay = 72.4 €0S 32.0° = 61.36 m
BX = -57.3 0S8 36.0° = -46.36 m
By = -57.3 sin 36.0° = -33.68 m
Cx=o0
Cy=-17.8m
Rx =38.42 - 46.36 = -7.04 Im
Ry = 61.36 - 33.68 - 17.8 = 9.88 m
R = V((-7.94)* + (9.88)%) = 12.68 m -
0 = tan'(7.94 / 9.88) = 38.8" _ol
R = 12.7 m west of north at 3 8.8°

1.9 Unit Vectors
A unit vector has a magnitude of 1 with no units,.
ool da>g g_5| Josu 391 LSQLU.U 0)lado 83>9ll dsio
The unit vector 1 points in the +x-direction, j points
1 in the +y-direction, and k points in the +z-direction.
G ping X amal zgall oladidl LI T 8a>gll daio iy
7 yoxnd zgall olxidl QLK yuing oV jome) zgall ologdl -y nivectonpandjpointine \
Any vector can be expressed in terms of its e g i

components as
ULLASdJL‘S),odJB_&JdMLgIU_c)M_Q_MUS.m

A Ax1 + Ay] + Azk

v (north)

178m|C

X (east)
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Find the magnitude of the displacement vector D - 3L.
Solution:
Step 1: Find 3E
3E = 3(2i - 4j + 6K)
3K =61 - 12) + 18k
Step 2: Find D - 3E
D -3E = (5i + 2j - 3K) - (61 - 12j + 18K) \
D-3E=-1+14) -21k
Step 3: Find the magnitude

D = 3E[ = V((-1)* + (14)* + (=21)*)
=V(1+196 + 441)
= V638
ID —3E| = 25.26 m

(a) The Scalar Product (1 of 2)

Scalar (dot) product Magnitudes of
UI"\U;,lHI\ A and H ,,,,, RTTTIIE ’1 |ml B

q B——ABcosqb ‘AHB'CD‘:Q')

Angle between A and B w Iun placed tail to tail

(a) Place the vectors tail to tail.
Js 3 u—Q-‘l-’~LA’->‘-’ Oxgxioll 2o ¢ .
. )>31 go logio i
(b) A - B equals A(B cos o).

(Magnitude of A) x (Component of B
in direction of A)




The Scalar product (2 of 2) ARMS
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The scalar product can be positive, negative, or zero,

depending on the angle between A and B.
o> g oo ol Wl gl Uge uwlidll Opall oS ol (S
B g A Gagxaiell G dlyll

(a) If @ is between 0" and 90", A - B is
positive because B cos ¢ > o.
ol L6 °904 “0 G @ dyglill LS 1]
Lzg0 099 A+ B Lwlsll

(b) If @ is between 9o0” and 180", A -
B is negative because B cos ¢ < o.

Oyl 58 °1804 “90 (w0 @ duglidl LS 13)]
Wl )9Sy A Brguliall

(c)if @ = 90", A- B = 0 because B has
zero component in the direction of A. l

-]

O3 A B =00 @ =090 dglyl SIS 13]
A douoll ol;dh,.é&fs).o Sl d pud B axioll

> |
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Question 9
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Two vectors A and B are shown.

The magnitude of vector A is 4.00 and vector B is 5.00.
Find the scalar product (dot product) of the two vectors, A - B. S

Solution: |
The angle between the two vectors is: M
@ =130.0° — 53.0° = 77.0°

The scalar product is given by:
= |A[[B cos ¢
Substitute the values:
A - B = (4.00)(5.00) cos(77.0°)

A-B =20.00 X 0.225 }m
A- B=4.50 N
= Calculating a Scalar Product Using Components S

In terms of components:

Scalar (dot) product : - |
of vectors 1 and B Components of A \A

-------------- (LLE L LT
at” ‘,* t.

';i’-ﬁ':A'B +AB +AB- '

1-

.

"-_. *s -
.............. sllansannn®

Components of B

ﬂ The scalar product of two vectors is the sum of the products of
their respective components.

BN Lagio JS OligSo Oilsuiio goammo 98 (pugaieal (33l Ul

Y
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Question 10

Find the angle between the vectors
A =2.001 + 3.00j + .00k and
B = -4.001 + 2.00j - 1.0 0k

Solution:
Use the formula:
cos 8 = (A - B) / (|A||B])

1. Dot product: A-B = (2)(-4) + 3)(2) + (1)(-1) = -8 +6-1= -3
2. Magnitudes: [A| = V(22 + 3> + 1) = V14
Bl = V((-4)* + 22 + (-1)*) = V21
3. Find angle: cos 6 = -3 / (V14 x v 21)
0 ~ 100
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The Vector Product

If the vector product (“cross product”) of two vectors is C = A xB
then:

199 (820 O (a2iell opall gl) Galaidl opall HiS 1)

Magnitude of vector (cross) product of vectors B and A

C = ABsind,,

Magnitudes of A and B -~ Angle between A and B '
when placed tail to tail

The direction of the vector product can be found using
the right-hand rule:

il 31 8218 alaiwly zll dsioll olaxil 3933 @ing
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1. Place A and B tail to talil. ARMS
CUl.)Jd.lO_QJUQSJl ID)BQA 1'83 IOH&.LD ACADEMY
dhsill u dic lagio JS
2. Point fingers of right hand along &,

_with palm facing B.
s Aobul L;,_9 UJ.O.JI LJ.\J &)Lcﬂ Cl.>9

B d>iiol) dg>lgo 2l d>|) 09I

3. Curl fingers toward B. ;{

B oLl Wayliol )il v

4. Thumb points in direction of )
B

|
X
]

—

AxB.

Ol Juol> olzil U] pleadl s
AX B Lol

The Vector Product is Anticommutative
1 1

1 1

AxB=-BxA
1. Place B and g tail) to tail.
dadi )eS3 Cuw A 9 B jugaiadl s i
5| dhdidl Guds sic lagio JS dilw o
| 2. Point fingers of right hand (}5%
‘ along_B) with palm facing A’ B :

Bobulusu..o.dldx&)bolbg =
Awﬂctplgpmlbl)ugigm i
3. Curl fingers toward A

Rolsi ool 31 —> BxA
4. Thumb points in direction of
T A,

B XA ol Wl plaadl aidy
M . T <A has same magnitude asAx B
= but points in opposite direction.



Calculating the Vector Product

ARMS
Use AB sing to find the magnitude and the right-hand AeAvEY

rule to find the direction

ol33l Lle jgiall Liagl aclally el Ll ygiell AB Sin pxsiuwl

.\‘

Question 11
Vector A has a magnitude of 6 units and points along the +x-
axis. Vector B has a magnitude of 4 units and lies in the xy-
plane, making an angle of 30° with the +x-axis.

Solution:

A =(6,0,0)
B = (23, 2, 0)

Cx=AyxBz—-AzxBy=o0
Cy=AzxBx—AxxBz=0 \
Gz = Axx By — Ay x y

C =(Cx, Cy, Cz) = (c

C=12k
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	GENERAL PHYSICS 1
	Chapter 1

	Chapter -1-Units, Physical Quantities, and Vectors
	1.1 The Nature of Physics
	Physics is an experimental science in physicists seek patterns that relate the phenomena of nature.
	The patterns are called (Physical theories.)
	A very well established or widely used theory is called a physical law or principle.

	1.2 Solving Problems in Physics
	All of the Problem-Solving Strategies and Examples in this book will follow these four steps :
	Identify ➞ the relevant concepts, target variables, and known quantities, as stated or implied in the problem.
	Setup the probelm ➞ Choose the equations that you’ll use to solve the problem, and draw a sketch of the situation.
	Execute the solution ➞ This is where you ’’do the math.’’
	Evaluate your answer  ➞ Compare your answer with your estimates, and reconsider things if there's a discrepancy.
	idealized Models

	a)  a baseball in flight, we use
	b) an idealized model.

	1.3 Standards and Units
	L﻿ength, time, and mass are three fundamental quantities of physics.
	The International System (SI for Système International) is the most widely used system of units.
	i﻿n SI units, length is measured in meters, time in seconds, and mass in kilograms.
	T﻿o simplify the analysis of

	U﻿nit Prefixes
	Prefixes can be used to create larger and smaller units for the fundamental quantities. Some examples are:
	1 μm = 10⁻⁶ m (size of some bacteria and living cells)
	1 ns = 10⁻⁹ s (time for light to travel 0.3 m)
	1 km = 10³ m (a 10-minute walk)
	1 mg = 10⁻⁶ kg (mass of a grain of salt)
	1 g = 10⁻³ kg (mass of a paper clip)
	1.4 Unit Consistency and Conversions
	An equation must be dimensionally consistent. Terms to be added or equated must always have the same units.  (Be sure you're adding ’’apples to apples. ’’)﻿


	6﻿0 s
	1 min

	= 1﻿80 s
	3 min= (3 min)
	Always carry units through calculations.
	Convert to standard units as necessary, by forming a ratio of the same physical quantity in two different units, and using is as a multiplier.
	For example, to find the number of seconds in 3 min, we write:

	Question 1
	The world land speed record is 1,227.99 km/h. Express this speed in meters per second (m/s).
	Question 2
	Solution: Since 1 in = 2.54 cm, the cubic conversion is 1 in³ = (2.54)³ cm³ = 16.387 cm³. Thus, 1.84 in³ × (2.54 cm / 1 in)³ = 30.15 cm³.
	To convert cubic centimeters to cubic meters: 1 cm = 10⁻² m, so 1 cm³ = (10⁻²)³ m³ = 10⁻⁶ m³. Therefore, 30.15 cm³ × (10⁻² m / 1 cm)³ = 3.015 × 10⁻⁵ m³.
	A diamond has a volume of 1.84 in³. Determine its volume in:
	1. Cubic centimeters (cm³)
	2. Cubic meters ( m³)


	1.5 Uncertainty and Significant figures
	The uncertainty of a measured quantity is indicated by its number of significant figures.
	For multiplication and division, the answer can have no more significant figures than the smallest number of significant in the factors.
	As  this train mishap illustrates, even a small percent error can have spectacular results!
	For addition and subtraction, the number of significant figures is determined by the term having the fewest digits to the right of the decimal point.
	What do significant figures indicate about a measured quantity?

	A. 16.55
	B. 16.6
	C. 16.5
	D.  17
	Which rule is used when multiplying or dividing measured quantities?

	A. 5.00
	B. 5.0
	C. 5
	D. 5 .00
	Which rule is used when adding or subtracting measured quantities?
	Calculate 12.5 ÷ 2.5 using the correct number of significant figures.
	Calculate 12.35 + 4.2 using the correct number of significant figures.

	1.7 Vectors and Scalars
	A scalar quantity can be described by a single number.

	Drawing Vectors
	In this book, a vector quantity is represented in boldface italic type with an arrow over it: Aᵘ
	Draw a vector as a line with an arrowhead at its tip.
	T﻿he length of the line shows the Vector’s magnitude.
	A vector quantity has both a magnitude and a direction in space.
	The magnitude of Aᵘ is written as A or| Aᵘ|
	T﻿he direction of the line shows the vector’s direction.

	Adding Two Vectors Graphically  (1 of 3)
	(b) Adding them in reverse order gives the same result: A + B = B + A. The order doesn’t matter in vector addition.
	(a) We can add two vectors by placing them head to tai.
	Adding Two Vectors Graphically  (2 of 3)
	(c) We can also add two vectors by placing them tail to tail and constructing a parallelogram.
	Adding Two Vectors Graphically  (3 of 3)
	(a) 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
	(b) when A and B are antiparallel, the magnitude of their vectors sum C equal the difference of their magnitude: C = |A - B|
	Adding M0re Than Two Vectors Graphically  (1 of 3)
	To add several vectors, use the head-to tail method.
	T﻿he vectors can be added in any order.
	(a) To find the sum of these three vectors
	With A and −B head to tail, A − B is the vector from the tail of A to the head of −B.
	With A and B head to head, A − B is the vector from the tail of A to the tail of B.

	Subtracting Vectors
	Multiplying a Vector by a Scalar
	If c is a scalar, the product cAᵘ has magnitude |c| A.
	(﻿a) Multiplying a Vector by a positive scalar changes the magnitude (length) of the vector but not its direction.
	(﻿b) Multiplying a Vector by a negative scalar changes it's magnitude and reverses it's direction.
	-3A is three times as long as A and points in the opposite direction.

	Addition of Two Vectors at Right Angles
	To add two vectors that are at right angles , first add the vectors graphically.
	Step 1: Find the displacement Using the Pythagorean theorem: d = √[(1.00 km)² + (2.00 km)²] d = √(1.00 + 4.00) d = √5.00 d = 2.24 km
	Step 2: Find the direction Measure the angle east of north: tan θ = east/north tan θ = 2.00/1.00 = 2.00 θ = tan⁻¹(2.00) θ = 63.4°
	Then use trigonometry to find the magnitude and direction of the sum.

	Question 5
	A cross-country skier travels 1.00 km north and then 2.00 km east across a horizontal snowfield (Refer to previous slide image).
	How far is she from her starting point, and in what direction ?

	S﻿olution:
	1.88 Components of a Vector
	Adding vectors graphically provide limited accuracy.  Vectors components provide a general method for adding vectors.
	Any vector can be represented by an x-component Ax and a y-component Ay.

	Finding Components
	The components of a vector may be positive or negative numbers, as shown in the figures.

	Positive and Negative Components
	W﻿e can calculate the components of a vector from its magnitude and direction.

	Question 6
	Calculations Using Components
	We can use the components of a vector to find its magnitude and direction: A = Ax +  Ay          and tan θ =
	Ax
	Use the diagrams provided, in previous slide, to determine the appropriate signs of the x- and y-components.

	S﻿olution:
	Dx = (3.00) cos 45° = +2.12 m
	Dy = -(3.00) sin 45° = -2.12 m
	Ex = (4.50) sin 37° = +2.71 m
	Ey = (4.50) cos 37° = +3.59 m

	1.9 Unit Vectors
	A unit vector has a magnitude of 1 with no units.
	The unit vector î points in the +x-direction, ĵ points in the +y-direction, and k̂ points in the +z-direction.
	A = Axi + Ayj + Azk.
	Any vector can be expressed in terms of its components as

	Question 8
	Given the two displacement vectors:
	D = (5.00i + 2.00j - 3.00k) m
	E = (2.00i - 4.00j + 6.00k) m
	Find the magnitude of the displacement vector D -  3E.
	Solution:

	(﻿a) Place the vectors tail to tail.
	(﻿b) A · B equals A(B cos φ).
	(Component of B in direction of A)
	(Magnitude of A)
	Step 3: Find the magnitude
	|D − 3E| = √((-1)² + (14)² + (−21)²)



	(﻿a) The Scalar Product (1 of 2)
	The Scalar product (2 of 2)
	The scalar product can be positive, negative, or zero, depending on the angle between A and B.
	(a) If φ is between 0° and 90°, A · B is positive because B cos φ > 0.
	(b) If φ is between 90° and 180°, A · B is negative because B cos φ < 0.
	(﻿c) if φ = 90°, A · B = 0 because B has zero component in the direction of A.
	Calculating a Scalar Product Using Components
	I﻿n terms of components:

	Question 9
	Two vectors A and B are shown.
	The magnitude of vector A is 4.00 and vector B is 5.00.

	Find the scalar product (dot product) of the two vectors, A · B.
	Solution:
	The angle between the two vectors is:
	φ = 130.0° − 53.0° = 77.0°
	The scalar product is given by:
	A · B = |A||B| cos φ
	Substitute the values:
	A · B = (4.00)(5.00) cos(77.0°)


	A · B = 20.00 × 0.225
	A ·  B = 4.50
	T﻿he scalar product of two vectors is the sum of the products of their respective components.
	Solution:
	|B| = √((-4)² + 2² + (-1)²) = √21


	Question 10
	Find the angle between the vectors
	A = 2.00i + 3.00j + 1.00k   and
	B = -4.00i + 2.00j - 1.0 0k

	T﻿he Vector Product
	The direction of the vector product can be found using the right-hand rule:
	If the vector product (“cross product”) of two vectors is C = A × B then:
	1. Place A and B tail to tail.
	2. Point fingers of right hand along A, with palm facing B.
	3. Curl fingers toward B.
	4. Thumb points in direction of A × B.
	1. Place B and A tail to tail.
	2. Point fingers of right hand along B, with palm facing A.
	3. Curl fingers toward A
	4. Thumb points in direction of B ×A.
	5. B × A has same magnitude as A× B but points in opposite direction.

	The Vector Product is Anticommutative

	A× B = −B × A
	Calculating the Vector Product
	Use AB sinφ to find the magnitude and ﻿the right-hand rule to find the direction
	Question 11
	A = (6, 0, 0)
	B = (2√3, 2, 0)
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