
Second Sem(H): (Discussion) 

Intensity: At a point this is defined as the average rate of flow of energy 

through a unit area surrounding the point kept normal to the direction of wave 

motion. 

If we consider the propagation of plane progressive wave through a 

homogeneous isotropic medium the energy crossing unit area in unit time in the 

direction of wave propagation is equal to the energy in the cylinder of length c 

and cross-sectional area unity. 

So, Intensity I=average energy density × c.= (1/2) ρa2ω2c. 

[Energy density = (1/2) ρa2ω2]. 

Acoustic Pressure: In course of passage of acoustic wave through a 

medium deformation of the medium occurs layer to layer due to 

change in pressure. The excess pressure over the normal pressure is 

defined as the acoustic pressure. 

P=-k 𝜕y/ 𝜕𝑥.: Again y=a sin (2π/ 𝜆) (ct-x). 

So, p =(2π/ 𝜆)a k Cos (2π/ 𝜆) (ct-x).; k is the bulk modulus of the medium. 

Pmax = (2π/ 𝜆)ak. 

Prms
2 = (1/𝑇) ∫ 𝑝

𝑇

0
2 dt   = Pmax

2/2. 

So, Prms= Pmax/√2= √2πak/ 𝜆.        [k/ρ =c2, ω=2πf and c=f 𝜆] 

Now Prms
2/I= (√2πak / 𝜆.)2/ (1/2) ρa2ω2 =ρc 

Pmax
2/I = (2π ak / 𝜆)2/ (1/2) ρa2ω2=2 ρc 

Again, urms
2=  (

1

𝑇
) ∫ 𝑢

𝑇

0
2 dt; {u=particle velocity =  

𝜕y/ 𝜕𝑡 = 𝜕asin( 2π/ 𝜆) (ct − x)./ 𝜕𝑡 =(2πac/ 𝜆)𝑐𝑜𝑠 (2π/ 𝜆)(ct-x)  

umax =(2πac/ 𝜆)}  

So, urms =(√2πac/𝜆) 

So, urms× Prms==(√2πac/𝜆)× √2πak/ 𝜆=I. 



 

Instantaneous acoustic power =pu= 

(2π/ 𝜆)a k Cos (2π/ 𝜆) (ct-x) ×(2πac/ 𝜆)cos ( 2π/ 𝜆)(ct-x). 

Now average of pu over a full period= pu̅̅̅̅ =Intensity 

=(2πa/ 𝜆)2ck(
1

𝑇
) ∫ {cos ( 2π/ 𝜆)(ct − x)}  × 

𝑇

0
 {cos ( 2π/ 𝜆)(ct − x)}dt   

= =(2πa/ 𝜆)2ck/2= (1/2) ρa2ω2c= Intensity 

Now, p/u= Acoustic impedance 

               =Acoustic Pressure/Particle velocity. 

              = (2π/ 𝜆)a k Cos (2π/ 𝜆) (ct-x)/ (2πac/ 𝜆)𝑐𝑜𝑠 (2π/ 𝜆)(ct-x) 

              = k/c=ρc2/c=ρc. 

In analogy with electrical circuit where pressure plays the role of e.m.f and 

particle velocity serves as electric current the above ratio ρc stands for 

impedance of the medium containing  the property of the medium signifying the 

characteristic impedance .This point property is also designated as specific 

acoustic impedance. 

Keep in mind that I/c stands for acoustic radiation pressure = Average rate of 

change in momentum of the incident particles over unit area of the surface. 

Problem: Show that particle velocity obeys wave eqn. 

      u=particle velocity= 𝜕y/ 𝜕𝑡 

    Wave eqn,      𝜕2y/ 𝜕𝑡2=c2 𝜕2y/ 𝜕𝑥2 

This is written as, 𝜕/ 𝜕𝑡{ 𝜕2y/ 𝜕𝑡2} = 𝜕 / 𝜕𝑡{ c2 𝜕2y/ 𝜕𝑥2} 

Since x and t are independent variables, the order of differentiations are 

changed in next step. 𝜕2/ 𝜕𝑡2{ 𝜕𝑦/ 𝜕𝑡} = c2 𝜕2/𝜕𝑥2{ 𝜕𝑦/ 𝜕𝑡} 

               Or, 𝜕2u/ 𝜕𝑡2= c2 𝜕2𝑢/𝜕𝑥2. (proved) 

Similarly show that acoustic pressure also obeys the wave eqn. 

 



Acoustic pressure, 

P=-k 𝜕y/ 𝜕𝑥 

 and Wave eqn,      𝜕2y/ 𝜕𝑡2=c2 𝜕2y/ 𝜕𝑥2 

Now, 𝜕/ 𝜕𝑥{ 𝜕2y/ 𝜕𝑡2} = 𝜕 / 𝜕𝑥{ c2 𝜕2y/ 𝜕𝑥2} 

Since x and t are independent variables, the order of differentiations are 

changed in next step. 𝜕2/ 𝜕𝑡2{ 𝜕𝑦/ 𝜕𝑥} = c2 𝜕2/𝜕𝑥2{ 𝜕𝑦/ 𝜕𝑥} 

Now, 𝜕2/ 𝜕𝑡2{−𝑘𝜕𝑦/ 𝜕𝑥} = c2 𝜕2/𝜕𝑥2{−𝑘𝜕𝑦/ 𝜕𝑥} 

Or, 𝜕2p/ 𝜕𝑡2= c2 𝜕2p/𝜕𝑥2. (proved) 

Problems: Show that dilation, condensation obey wave eqn. 

(∆=dilation, s= condensation. ∆= -s 

Acoustic pressure p=ks: k=Bulk modulus.) 

 

 

 

 

 

 

  

 


