
Physics 1A: Classical Mechanics 
Fall 2015 

Concept Lecture 1-1C:  
Physical Quantities 



Physical quantities are the properties 
of a physical object that can be 
measured and quantified 



Fundamental Quantities 

temperature 

mass 

time 

amount 

length 

electric 
current 

intensity 

units 
 

precision 



All physical quantities must include a 
magnitude (number) and unit 

"This apple is 9" 

"This apple is some number of centimeters" 

"This apple is 9 centimeters in diameter" ✔ 



Units of length 

meter 
mile 
nautical mile 
yard 
furlong 
league 
fathom 
Angstrom 
 

inch 
chain 
light-year 
parsec 
typographical point 
zhang 
cubit 
Smoot 



Washington Post, October 1, 1999 



Fundamental Quantities 

temperature 

mass 

time 

amount 

length 

electric 
current 

intensity 



Fundamental Base Units 

Kelvin 
(K) 

kilogram 
(kg) 

seconds 
(s) 

moles  
(mol) 

meters 
(m) 

Amperes 
(A) 

candela  
(cd) 



Unit standards 

meter: 1/10,000,000 of the 
distance from pole to 

equator 

second:  
1 day/24 hours/60 minutes  kilogram: 1 liter 

(0.001 m3)  of 
water 

Image attributions: Earth: NASA (public domain): water bottle: Adam Burgasser; NIST; sunset: Jessie Eastland 



International Prototype Metre bar, 
standard from 1889-1960 

second = sunset to sunset / 86400, 
standard from 1000-1967 

Replica of Prototype 
Kilogram #20 at NIST; 
standard since 1889 

Image attributions: metre & kilogram standards: NIST; sunset: Jessie Eastland 

Unit standards 



Drift in standard masses over a century 
Attribution: Greg L at the English language Wikipedia 

https://commons.wikimedia.org/wiki/File:Prototype_mass_drifts.jpg  



Leap seconds 

Roughly every other year the official time is 
set ahead by 1 second to adjust for the 
slower rotation of the Earth compared to 
historical definition of the second 

Image credit: NIST, www.time.gov 



More precise physical standards 

distance travelled by light in 
vacuum in a time interval of 
1/299,792,458 of a second" 

second: atomic clock, 
9,192,631,770/frequency of  

133Cs hyperfine transition 

Replica of Prototype 
Kilogram #20 at NIST 

[same] 

Image attributions: light beam: Shutterstock; kilogram standard and Cesium clock: NIST 



speed of 
light 

Avogadro's 
constant 

electron 
charge 

constant of 
luminous efficiency 

Boltzmann's 
constant 

133Cs hyperfine 
transition 

Planck's constant 

Kelvin 
(K) 

kilogram 
(kg) 

seconds 
(s) 

moles  
(mol) 

meters 
(m) 

Amperes 
(A) 

candela  
(cd) 



Scalar quantities: magnitude only 
e.g.: mass, length, speed, volume, density,  
pressure, energy, coefficient of friction 
 
Vector quantities: magnitude & direction 
e.g., displacement, velocity, acceleration, force, 
momentum, torque  
 

Physical quantities may include 
magnitude and direction 

image credit: freeimages.com http://www.freeimages.com/photo/one-way-sign-1444873  



Summary 
Physical quantities are measurable and 

quantifiable aspects of physical objects 
Must include both magnitude (number) and unit 
Physical quantities are distinct and quantified by 

reference to standardized units 
The SI or metric system uses as base units meter 

(length), kilogram (mass) and second (time), all 
except mass defined by modern physics  

Unit standardization has allowed for more precise 
measurement and new scientific discovery 

Vector quantities also convey direction 


