
Name:______________________ 
 

Active Sonar Wrap-up Exercise 
(Everyone should attempt to do the following problems and  

we will go over them in class.) 
 
1.  You are on a new Seawolf class submarine with the sonar system and the environment 
described below.  Calculate the max range for detecting another submerged submarine given the 
following for both the noise-limited and reverberation-limited cases: 
  
Environmental Data 

c = 1500 m/s,  
Wind Speed = 6 kts 
Shipping = heavy 
Assume TL is only due to spherical spreading; neglect attenuation losses 
 

Submarine's Sonar Data: 
 Linear Array = 3 m long 

frequency  = 10 kHz 
bandwidth = 5  Hz 
pulse length = 10 ms 
Maximum Input Electrical power to transducer 1200 W 

 Active Sonar system efficiency – 28% 
 DIT = 16 dB 
 DI = 16 dB 

desired p(D) = 90% 
 desired p(FA) = 0.01% 
 assume ideal processor 
 NLself = 45 dB 

 
 
Target Data (adversary): 

TS = 20 dB  
depth = 300 ft @ night 
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2.  Your ship uses active sonar in an attempt to locate a friendly 688-class submarine operating 
near the surface 22,000 yds away.  Given the following: transition range = 12,000 yds, α = 1.08 
dB/kyd, SL = 273 dB, NL = 72 dB, DI = 10 dB, RLA = 63 dB, TS = 14 dB and DT = 16 dB, 
determine the following showing all calculations:   (Note that attenuation is a consideration in 
this problem.) 

a) The strongest type of reverberation would most likely be: 

volume reverberation      /      surface reverberation 

b) One-way total transmission loss (TL)? 

c) Signal-to-noise level (LS/N) received? 

d) Signal excess? 

e) Can your ship successfully detect the 688 sub? 
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Problem #1
• You are on a new Seawolf class submarine with the sonar system and the 

environment described below.  Calculate the max range for detecting another 
submerged submarine given the following for both the noise-limited and 
reverberation-limited cases:

• Environmental Data
– c = 1500 m/s, 
– Wind Speed = 6 kts
– Shipping = heavy
– Assume TL is only due to spherical spreading; neglect attenuation losses

• Submarine's Sonar Data:
– Linear Array = 3 m long
– frequency = 10 kHz
– bandwidth = 5  Hz
– pulse length = 10 ms
– Maximum Input Electrical power to transducer 1200 W
– Active Sonar system efficiency – 28%

DIT = 16 dB
DI = 16 dB

– desired p(D) = 90%
desired p(FA) = 0.01%
assume ideal processor

– NLself = 45 dB

• Target Data (adversary):
– TS = 20 dB 
– depth = 300 ft @ night
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Volume Reverberation Case
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Volume Reverberation
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Noise Limited Case

( )S/ NL SL 2TL TS NL DI DT= − + − − >

E TSL 171.5 dB 10log P 10log E DI= + + +

( ) ( )SL 171.5 dB 10log 1200W 10log .28 16dB 212.8dB= + + + =

self ambNL NL NL= ⊕

( )sea  stateNL 36 10log 5 42dB= + =

( )4.5 4.2NL 45dB 42db 10log 10 10 46.8dB= ⊕ = + =
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Noise Finding the Range

( )S/ NL SL 2TL TS NL DI DT= − + − − >

( )212.8 40log r 20 46.8 16 24.1− + − − =

40log r 177.9=

r 28000m=

Problem #2
• Your ship uses active sonar in an attempt to locate a friendly 688-class 

submarine operating near the surface 22,000 yds away.  
• Given the following: 

– transition range = 12,000 yds, 
– α = 1.08 dB/kyd,
– SL = 273 dB, 
– NL = 72 dB, 
– DI = 10 dB, 
– RLA = 63 dB, 
– TS = 14 dB 
– and DT = 16 dB, 

• determine the following showing all calculations:   (Note that attenuation is a 
consideration in this problem.)

– The strongest type of reverberation would most likely be:
• volume reverberation      /      surface reverberation

– One-way total transmission loss (TL)?
– Signal-to-noise level (LS/N) received?
– Signal excess?
– Can your ship successfully detect the 688 sub?

Transmission Loss
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Noise/Reverb
NL DI 72dB 10dB 62dB− = − =

sRL 63dB=

Neither is more significant

Noise 62dB 63dB 65.5dB= ⊕ =

Signal Excess

S/ NL SL 2TL TS NOISE DT= − + − >

( )S/ NL 273 2 108 14 65.5 5.5dB 16dB= − + − = >

S/ NSE L DT 5.5dB 16dB 10.5dB= − = − = −

Not dedectable at 22000 yds
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Names:______________________________________________    Section:_______ 
 

Active Sonar Homework 
 

All data given purely for test purposes and do not necessarily reflect reality. 
 

You are on a deep submergence vehicle searching the ocean floor for a Russian torpedo that was 
lost at sea.  You have lost electrical power in your DSV and the Mother Ship is searching for you 
with the active sonar described below to recover you before you run out of oxygen. 
 
Environmental Data:    Active Sonar Data: 
Wind speed = 6 kts     Circular plane/piston array radius=2.4 m 
Shipping  - Heavy     θ = 0.2 radians 
Assume TL is only due to     Operating frequency = 25 kHz 
spherical spreading; neglect    Bandwidth = 5 Hz 
attenuation losses     Pulse length = 6 ms 
During daytime     NLself = 15 dB 
       P(FA) = 1% 
DSV Data:      P(D) = 75% 
TS = + 1.0 dB      (Assume ideal receiver) 
Depth = 1500 feet, 2500 feet above   Efficiency = 90% 
ocean floor      PE = 750 W 

Beam axis can be steered from 30º above to 
60º below the horizontal 

 
 
 
1.  What is the directivity index of the mother ship’s active sonar’s array? 
 
 
 
 
 
 
 
 
2.  What is the Detection Threshold? 
 
 
 
 
 
 
3.  What is the Volume Scattering Strength for this daytime rescue? 
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4.  What is the maximum detection range if the active sonar system is reverberation limited? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.  Find the projector source level of the Mother Ship’s active sonar? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.  What is the reverberation level if the Mother Ship is 8,000 yards from the DSV? 
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7.  What is the total Noise Level due to both ambient and self noise? 
 
 
 
 
 
 
 
 
8.  Is the Mother Ship’s active sonar reverberation or noise limited if range is 8,000 yards? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9.  Calculate the surface reverberation level if the Mother Ship transmits such that grazing angle 
with surface is 40º and range is 6,000 yds? 
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