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Units of Chapter 1

* Physics and the Laws of Nature
* Units of Length, Mass, and Time
 Dimensional Analysis
Converting Units

*Scalars and Vectors

* Problem Solving in Physics
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1-1 Physics and the Laws of Nature

Physics: The science of nature

Speed in free fall =9.81 m/s A
Gravity Acceleration= g = 9.81m/s”"2
each objec{) has oL

Fg ( Gravity Force) = mass * g difleent af becapse of
L The olrplLCVUI\,b Mags .

mass=Gravity Force /q

the study of the fundamental laws of nature

- these laws can be expressed as mathematical
equations

 much complexity can arise from relatively simple
laws
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Physical Quantity- ... ...

unit.
* Any quantity which can be measured is
called a physical quantity. 5 min . 4 cm,
67 cm .6 kg

Example:

L (Length)

« M (Mass)

« T (Time) etc.

* To measure a physical quantity, we must
define its unit.
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Types of physical quantities

* Physical quantities are classified into 2
types:

1)Fundamental quantities
These quantities do not depend on other
physical quantities and the units used to
measure these quantities are called

fundamental units.
+ Quan taties ot can e fond only H'Irovj\!b meatermen s

e Has heir owm  Fordamatel wniEs
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« 2 ) Derived quantities: Depend on
Fundamental

* These quantities are defined in terms of
fundamental quantities.

Examples:

* Area=length x length - ~*

* Density = Mass/Volume - ©9/»3

* Velocity= Displacement/Time - w/s

Copyright © 2010 Pearson Education, Inc



Tonce = Kj X Mm/sE = pewhon,

WorK = A). m —, thj.MZsz) o=

Length meter m
Mass kilogram kg
Time second S
Temperature Kelvin K

They deperd o0,
Fondanm ital
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Area
Volume
Density
Speed

Acceleration

Force

Pressure

work

LxL

LxLxL
Mass+volume
distance+time
Avelocity+time
massxacc
force+area

forcex
displacement



Rules of writing units

 Units named after scientists

2
Force newton N — 19 m/s

Energy joule J
Power watt W
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Fundamental units of L,M and T taken together to
form a system of units

Units
Name of the system :

Length Mass Time
1) British engineering | foot slug second | ©°
2) CGS centimeter | gram second CS
3) MKS Standard meter kilogram | second
Metric system W\K&
Sl

Copyright © 2010 Pearson Education, Inc.



System International

* The system of units used by scientists and
engineers around the world is commonly
called the “metric system”

« But since 1960 it has been officially known
as System International or Sl



1-2 Units of Length, Mass, and Time

Comes bePol‘c Lhe b""k- TABLE 1-4 Common Prefixes

Power Prefix Abbreviatio
10”3 meter = Kilometer = km 105 pet p
10”-2 meter=1/100 m = centimeter 18;2 ;r; -
10~-3 second= millisecond 182 — :
1079 =1*1000000000 = 10° B L
10! deka da
giga second 0 ded d
oo < 1072 centi C
1/1000000000= 10*-9= Nano | 107 miuti -
1/1000000000000=104-12=PICO ", " *
Pulses LU P
LASER _< 107> femto f
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1-3 Dimensional Analysis

« Any valid physical formula must be dimensionally
consistent — each term must have the same dimensions

TABLE 1-5 Dimensions of Some

Common Physical Quantities

Quantity

Distance
Area
Volume
Velocity
Acceleration

Energy

Dimension
[L]

[L%]

[L°]

[L]/[T]
[L1/[T"]
[MI[L?]/[T?]
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From the table:

Distance = velocity x time

[L] = i%]rxu/]

[L]=I[L]

Velocity = acceleration x time

M= x [T

[r]  [T]



EXERCISE 1-2

Show that x = xp + vyt + %alz is dimensionally consistent. The quantities x and xg are
distances, vy is a velocity, and a is an acceleration.

SOLUTION
Using the dimensions given in Table 1-5, we have

L L
[L] = [L] + [—]lT] + u[1'21 = [L] + [L] + [L]

(7] (7]

Note that % is ignored in this analysis because it has no dimensions.
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5. * €CE Which of the following equations are dimensionally con-
sistent? (a) x = vf, (b)) x = 2at2, )t = (Zr/a)‘ﬂ.

6. * CE Which of the following quantities have the dimensions of
a distance? (a) vt, (b) Jat?, (c) 2at, (d) v*/a.

7. * €E Which of the following quantities have the dimensions of
a speed? (a) 1at?, (b) at, (c) (2x/a)'?, (d) (2ax)"2.

8. * Velocity is related to acceleration and distance by the follow-
ing expression: v = 2axP. Find the power p that makes this
equation dimensionally consistent.

9. * Acceleration is related to distance and time by the following
expression: a = 2xt¥. Find the power p that makes this equation
dimensionally consistent.

10. * Show that the equation v = vy + af is dimensionally consis-
tent. Note that v and vg are velocities and thata is an acceleration.
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5) o) x= vt

CEm . L

3

b)x=‘2“alL

L
Ls72T" = L=1L

e) - (x| )yz

LL]

CLY

b) - att Fr_]zﬁ—]

)

c) 2af — [T) [T}

OO VAVZEN %&

L.,
?Q 0)th erz = [ﬂz[ﬂ -
D ot w7 {"H

[ﬂ [ﬂ

* CE Which of the follow mgq hhhhh 'elhedimmsi ns
" a distance? @»wz (c) 2at, 1) / _7 1’;L7«’f (
* CE Which ¢ fthef tities have the dimensions
a speed? (a) lat%, (b) a ()(2:/)’2(‘1)(2“)!2
8. * Velocity is related to acceleration and distance by the follo

ing expression: o? = 2axP. Fnd the power p that makes t
equation dimensionally consistent.
9. * Acceleration is related to distance and time by the followi

expression: a = 2x#*. Find the power p that makes this equati
dimensionally consistent.

* Show that lhe equa!m'n v = s dimensionally cons

10.
fL] tent. Note that v amvel)cnhe:. ndtha is an accelerati

- 1)

L)

aul
'—.ﬁ}“m

0) 2l -+ - T AL



Units

Length
* 1 mile =1609 m | K
e 1mM=3281ft — 555% Jopen > looom
e Tmillimeter=1mm= 1073 m
30mMm=30x%x10"3m=0.03m
 1centimeter=1cm =10"*m
e 61cm=61x10"?m= 0.61m
* 1meter =1m =100cm

e 1kilometer = 1km=1000 m=10°m
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Lenﬁ»H/p Mass Time
\
lmile 3 -
lOoom §
lboqm [OOO\Mﬂ Ooom
| .
32810 I .
Los
lOOOj
L
oo cm L\
36oo
[m
| D00 pam
| Kom
loco m
O ZlbFE = wm
3[(7;% v lm 3lbm 96, 3w



@9L.3 m — 5t
.3 w x 3283 _ qu.y x 228t
| pA

= 3l9.
= 3lb

@ 5.0 \M':)Q N W%
e

5.0 mte X 1609 m ¥ %4
e [nite 3bo0oS

= 2.0 ylboIm . 1. 3Y m/s
2600 s




1 mile = 1609 m

1m=3.281ft
| m=1000 mm
1m =100 cm

1 km =1000 m

1 mile

1609Mm

1609 m

1 km
o0om

1 mile
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Mass

* 1 milligram = 1mg = 1073 g

* Tgram =1g= j5-35,,

e lkilogram =1kg=1000g=103g

1kg

000g

« 30 gtobeinkg= 3o/g><
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Time

+ 1millisecond =102 s =1 ms= —2
10™°>s
-3
45 ms = 45ms X > =45 x 10~3 s
1ms
e Imin=60s i
60 s

« 1hour=3600s —2
3600s

« 1 day = 24 hr = 24x60x60 = 86400 s

a 1 \vinAr — 2v1N7 o
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1-5 Converting Units

Converting feet to meters:

1 m=3.281 ft (this is a conversion factor)
Or:1=1m/3.281 ft
1 mile =1609m

316 ft x (1 m/3.281 ft) = 96.3 m

Note that the units cancel properly — this is the key to
using the conversion factor correctly!

Convert : 3.00mi/htom/s or (3.007" to =)

Ans: 1.34m/s
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1-7 Scalars and Vectors

Scalar — a numerical value. May be positive or negative.
Examples: temperature, speed, height (1o dlirection)

Vector — a quantity with both magnitude and direction.
Examples: displacement (e.g., 10 feet north), force,
magnetic field (direction).
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1-8 Problem Solving in Physics
No recipe or plug-and-chug works all the time, but here
are some guidelines:
Read the problem carefully
Sketch the system
Visualize the physical process
Strategize
Identify appropriate equations
Solve the equations

Check your answer

© N o a kh 0 DN =

Explore limits and special cases

Copyright © 2010 Pearson Education, Inc.



Summary of Chapter 1

* Physics is based on a small number of laws and
principles

* Units of length are meters; of mass, kilograms; and of
time, seconds

 All terms in an equation must have the same
dimensions
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Summary of Chapter 1

-Convert one unit to another by multiplying by their
ratio

« Scalars are numbers; vectors have both magnitude
and direction

* Problem solving: read, sketch, visualize, strategize,
identify equations, solve, check, explore limits
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