
GY 305 Geophysics 
Lab Exercise 2a 

Simple Calculations 
 

Purpose: This week’s lectures concentrated on the physics of geophysical interpretations. 
As you saw, this largely consisted of modeling the behavior of waves through various 
media. This lab exercise will demonstrate the usefulness of mathematical calculations in 
interpreting geophysical data and in predicting rock response to induced seismology. 
 
Due Date: Wednesday October 27th by 5:00 PM 
 
You will need to understand the following wave terms: 

 
Amplitude (A): The maximum displacement of the wave from equilibrium. 
 
Period (P): The time of repetition of the wave. 
 
Frequency (f): The repetition rate of the wave (reciprocal of wave period). 
 
Wavelength (λ): The distance between successive similar points on a wave measured 
perpendicular to the wave front (e.g., crest to crest). Equals velocity divided by 
frequency) 
 
Velocity (v): The distance traveled by a wavefront divided by the time to travel this 
distance. Equals the product of frequency and wavelength. 
 
Apparent Wavelength: The distance between successive similar points on a wave 
measured obliquely to the wavefront (e.g., the distance between geophones on the surface 
of the Earth which see successive wavecrests. The value is dependent on the angle (θ) 
between the wave and the line of observation (see figure above). 
 
Apparent Velocity: The product of frequency and apparent wavelength. 
 



Reflection Coefficient (R): the ratio of the amplitude of the 
reflected wave compare to the amplitude of the incident wave. 
 
                                 R   =   v2ρ2 – v1ρ1 

                                 v2ρ2  + v1ρ1 
 
Acoustic Impedance (AI): the product of wave velocity 
through a media and the density (ρ) of the media 
 
 

 
Notes 



Name: ______________________________________    Date: _____________________ 
 

GY 305 Lab 1 Exercises 
 

1) Reflections from the shallow part of the Earth where velocity is relatively low are of 
reasonably high frequency, whereas those from the deeper part where the velocity is high 
are often of low frequency. Calculate the wavelengths below (4 points). 
 

Depth (m) v (m/s) f (Hz) λ (m) 
500 2000 50  

 
1300 6000 20  

 
 
2) Calculate the acoustic impedance (AI) for the following rock types at a depth of 
2000m (Φ = porosity) (16 points) 
 

Rock Type Φ (%) v (km/s) ρ (g/cm3) AI (kmg/s/cm3)

Shale 25 2.8 2.25  

Shale 20 3.1 2.3  

Limey Shale 25 3.2 2.25  

Sandstone 30 3.2 2.15  

Limey Sandstone 30 3.4 2.15  

Sandstone (gas) 30 2.7 2.0  

Limestone 30 4.1 2.2  

Limestone (gas) 30 3.5 2.0  

 
What does the presence of gas do to the AI of sedimentary rocks? Why? (2 points) 

 
What does calcite cement (“limey”) do to the AI of sedimentary rocks? Why? (2 points) 
 



3) Calculate the reflection coefficients (R) at the specified media interfaces. Use the data 
you calculated in question 2 to derive your answers. (22 points) 
 

Top layer over Bottom Layer R 

Shale (Φ = 25%)  Sandstone (Φ = 30%)  

Shale (Φ = 25%)  Limey Sandstone  

Shale (Φ = 25%)  Gas Sandstone  

Shale (Φ = 25%)  Shale (Φ = 20%)  

Shale (Φ = 25%)  Limestone  

Shale (Φ = 25%)  Gas Limestone  

Gas Sandstone  Sandstone  

Limey Shale  Sandstone  

Limey Shale  Limestone  

Limey Shale  Gas Limestone  

Shale (Φ = 20%)  Sandstone  

 
As you will eventually learn, the higher the AI across an interface, the more intense the 
seismic reflection at that interface (i.e., the easier it is to resolve the contact). With this is 
mind, why is it necessary to consider lithology when interpreting seismic sections? What 
are the limitation(s) when using seismology to resolve geology? (4 points) 
 


