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Seismic waves are vibrations of the ground generated by the break that started the earthquake. The 
energy that is released is carried away in all directions by these vibrations. Three kinds of seismic 
waves carry earthquake energy. Primary waves, or P-waves, travel the fastest. (They are called 
primary because they are the first waves to arrive at any location away from the epicenter.) P-
waves cause the ground to vibrate forward and back in the direction of travel. This vibration 
direction makes them a form of longitudinal waves (letter a in the diagram below). 
 
Secondary waves, also known as S-waves, are the next to arrive. They travel at roughly half of 
the speed of P-waves. As the S-waves pass, the ground vibrates side to side, the way that waves are 
passed along a rope. Like light, S-waves are transverse waves (letter b in the diagram below), which 
cause vibration perpendicular to the direction in which they are moving. S-waves can travel 
through a rigid medium (solids) but they cannot pass through a fluid, which includes liquids or 
gases. Collectively, P- and S-waves are known as body waves because they pass through Earth 
rather than along its surface. 

 
 

The fact that P-waves travel much faster than S-waves enables seismologists to determine the 
distance to an earthquake’s epicenter. When an earthquake occurs, energy waves move away in all 
directions. Both P- and S-waves start out from the epicenter at the same time. A person at the 
epicenter would feel both waves immediately. There would be no separation between them. But 
the farther you are from the epicenter, the longer the delay between the arrival of P-waves and the 
arrival of S-waves. Travel time is the time inferred between the breaking of the rocks that causes 
an earthquake and when the event is detected at a given location. 
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Your ESRT contains a graph containing the information about P-wave and S-wave travel times. 
[The same image is reproduced below] 
 

 


