
3.3 – Applications of First-Order Linear DE 
 

First-Order Linear Electric Circuit 

In electrical applications the following differential equation is 

used to model a resistor, an inductor, and a variable voltage 

source are connected in series: 
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Each variable is defined as follows:  

• Inductance L, measured in henries (H) 

• Current I, measured in amperes (amps) 

• Resistance R, measured in ohms ( )  

• Voltage (or Electromotive Force) E, measured in volts (V) 

 



1. Suppose that a simple circuit has a resistance of 12   and an 

inductance of 4 H. The battery gives a constant voltage of 60 

V and the switch is closed at 0t = , which means that 

( )0 0I = .  

 

 a. Find the current at 1t =  and the limiting value of the 

  current. 

 



 b. Suppose the resistance and inductance remain the same as 

  above. However, a generator is used instead of the battery, 

  which produces a variable voltage of ( ) ( )60sin 30E t t= , 

  measured in volts. Find the current as a function of time 

  given that ( )0 0I = .   

 



2. An inductance of 8 H and a resistance of 10   are connected 

in series with voltage defined by ( ) 50 50E t t= −
 
for 0 1t  . 

Find the current as a function of time given that ( )0 0I = .   

  

 



Flow of a Mixture 

 

3. A tank contains 100 gallons of brine whose salt concentration 

is 3 lb/gal. A solution with a salt concentration of 2 lb/gal is 

added at a rate of 3 gal/min. At the same time, mixture flows 

out of the tank at a rate of 4 gal/min. If the mixture is kept 

uniform by constant stirring, find the salt content of the brine 

as a function of time.  



4.  A tank with a maximum capacity of 45 L contains 25 L of 

water. A solution with a salt concentration of 0.4 kg/L is 

added at a rate of 5 L/min. The solution is kept mixed and is 

drained from the tank at a rate of 3 L/min. (a) Find the salt 

content of the solution in the tank as a function of time.  

 (b) Find the amount of salt in the tank at the moment of 

overflow. 
 

 


