
Physics 1A: Classical Mechanics 
Fall 2015 

Concept Lecture 1-4:  
Relative Motion 





Image of Earth taken by  
the Deep Space Climate Observatory  
credit: NASA https://en.wikipedia.org/wiki/Earth#/media/File:Earth-DSCOVR-20150706-
IFV.jpg 



Model map of the Milky Way Galaxy 
credit: NASA 
 http://www.nasa.gov/mission_pages/GLAST/science/milky_way_galaxy.html 



Map of local group of Galaxies 
credit: UCSD/CASS 
http://casswww.ucsd.edu/archive/public/tutorial/Intro.html 



Alternately, from an external 
perspective the velocity of car 1 is 

equal to its velocity relative to car 2 
plus the velocity of car 2: 

The relative velocity of     
car 1 to car 2 is just the 

difference in their velocities: 



Alternately, from an external 
perspective the velocity of car 2 is 

equal to its velocity relative to car 1 
plus the velocity of car 1: 

The relative velocity of     
car 2 to car 1 is just the 

difference in their velocities: 



image of airplane from https://en.wikipedia.org/wiki/Airplane#/media/File:Air_Berlin_B737-700_Dreamliner_D-ABBN.jpg;  
image of tugboat from https://en.wikipedia.org/wiki/Boat#/media/File:Tug_Boat_NY_1.jpg  



Pipeline, Oahu 
(Google Maps) 



= velocity of surfer 
relative to water 

= velocity of water 

= actual velocity of 
surfer 

=> surfer ends up at 
wrong spot 

Pipeline, Oahu 
(Google Maps) 



= (0.0,0.5) m/s 

= (0.3,0.0) m/s 

= (0.3,0.5) m/s 

Δry = 10 m 

in absence of current, v1=v12 
and time to get to break is 

with current: 

=> 

surfer will make it to Δry = 10 m in 20 s, but will have drifted by 

Pipeline, Oahu 
(Google Maps) 



= (-0.5,0.0) m/s 

= (0.3,0.0) m/s 

= (-0.2,0.0) m/s 

Δrx = 6 m 

To get back to break spot, 
surfer must swim against 
current: 

=> 

it will take another Δt = |v1,x|/Δrx = (0.2 m/s / 6.0 m) = 30 s  
to do this, for a total time of 50 s 

Pipeline, Oahu 
(Google Maps) 



= 0.5 (-sinφ,cosφ) m/s 

= (0.0,XX) m/s 

An alternate plan: move in 
direction that ends with net 
motion toward surf break;  

This takes Δt = v1,y/Δry = (0.4 m/s / 10.0 m) = 25 s,  
half the time of the "straight approach" 

Pipeline, Oahu 
(Google Maps) 

= (0.3,0.0) m/s 

= (-0.3,0.4) m/s 

= (0.0,0.4) m/s 



Summary 

Relative motion is how velocities are actually 
measured in nature; there is no "absolute 
reference frame" velocity 

Motion of object 1 relative to object 2 
(perceived by object 2): 

Motion of object 2 relative to object 1 
(perceived by object 1): 

Relative motion is important for motion through 
or on fluids that may have their own flow 
 


