
Lecture 3-5C: 
Power and Flux 



Many forms of energy 

kinetic 
mechanical 
chemical 
gravitational 
nuclear 
radiative 
thermal 
wave 

seismic 
sound 
electrical 
magnetic 
vibrational 
elastic 
mass 

 etc... 

Image credits: hot iron by Fir0002/Flagstaffotos https://en.wikipedia.org/wiki/Forms_of_energy#/media/File:Hot_metalwork.jpg;  
ATP by ALoopingIcon https://en.wikipedia.org/wiki/Adenosine_triphosphate#/media/File:Atp_exp.qutemol-ball.png;  
Sun with SDO by NASA http://www.nasa.gov/content/goddard/sdo/giant-filament-seen-on-the-sun-feb-10-2015  
solar panels by US Air Force: https://commons.wikimedia.org/wiki/File:Giant_photovoltaic_array.jpg;  
 



Energy transfer and transformation 

Physical processes 
cause energy to 
transform between 
forms, and flow through 
and between systems 

electrical 
energy 

thermal 
energy 

radiative 
energy 

resistance 

blackbody emission 



Solar photovoltaic panels on a flat roof 
Image credit: AleSpa 

https://en.wikipedia.org/wiki/Solar_panel#/media/File:Photovoltaik_Dachanlage_Hannover_-_Schwarze_Heide_-_1_MW.jpg  

solar radiation 



Change in Mechanical Energy 

The change in total mechanical energy of a system is 
equal to the work done by non-conservative forces: 

This change can be dissipative (friction, viscosity) 
or additive (irradiation) 



Rate of Change of Mechanical Energy 

The rate of change of energy is called power: 

The units of power are Joules/second or Watts 
dimensions = [M] [L]2 [T]-3 

James Watt (1736-1819) 



Power, Force & Velocity 

(for a time 
independent force) 

Mechanical power depends on the velocity of an object 
relative to the non-conservative force(s): 

(for a position- 
independent force) 



Example: Biking uphill 

When biking uphill, friction 
provides the upward force 
 
 
The power added to the bike/
bicycle system is  
 
 

⇒ Power is added to system (from biker metabolizing chemical 
fuel in food) at a rate that depends on the speed of the bicycle 



Power consumption in society 

image credits: house: https://pixabay.com/en/house-cartoon-art-home-isolated-309584/;  
US map: https://commons.wikimedia.org/wiki/File:Blank_US_Map_with_borders.svg; 
Earth: https://commons.wikimedia.org/wiki/File:Earth_Eastern_Hemisphere.jpg  

US Household: ≈ 35 kiloWatt-hours per day 
 = 35,000 W x 1 hour / 24 hours ≈ 1400 W 

US ≈ 3 TW = 3 x 1012 W 
(US Energy Information Administration. "Annual Energy Review 2010.”) 
 

World ≈ 16 TW = 1.6 x 1013 W 
(International Energy Agency, "World Energy Outlook", 2008) 
 



Energy usage rate in United States since 1650 
from Prof. Murphy's Do the Math Blog: http://physics.ucsd.edu/do-the-math/2012/04/economist-meets-physicist/  

2.9% annual 
growth 



The Sun as an energy source 

The Sun radiates 
3.8x1026 W in light 
energy from its 
surface 
Originates from 
conversion of mass 
to heat/light energy 
via hydrogen fusion 
(E = mc2) 

image credit; NASA: 
https://www.flickr.com/photos/gsfc/4526619322  



Solar Irradiance 

Solar light power 
reaches the Earth 
with an average 
power density of 
1400 W/m2 - this is 
the solar flux or 
solar irradiance 
(energy/time/area) 



Map of integrated solar irradiance over one year; San Diego ≈ 250 W/m2 

from SolarGIS: http://solargis.info/doc/free-solar-radiation-maps-GHI  



Summary 

The physical quantity for rate of change of energy 
is power, and has units of J/s or Watts 

Mechanical power depends on magnitude and 
alignment of force and velocity; higher velocity 
corresponds to higher power input/output 

Power is being used in society at increasing 
levels, and is one of our main sustainability 
challenges 

 
  
 

 


