
5.6 – Applications of Systems of DE 
 

Mixing Problems with Two Tanks 
 

 
 

Mass-Spring Systems 

 

 



1. Suppose Tank 1 contains 800 L of salt water with 20 grams 

of salt, and Tank 2 contains 1000 liters of salt water with 80 

grams of salt. Salt water with a concentration of 0.5 g/L of 

salt enters Tank 1 at a rate of 4 L/hr. Fresh water enters Tank 

2 at a rate of 7 L/hr. Salt water flows from Tank 2 into Tank 

1 at a rate of 10 L/hr. Salt water flows out of Tank 1 at a total 

rate of 14 L/hr, with salt water flowing into Tank 2 at a rate 

of 3 L/hr and salt water draining out of Tank 1 at a rate of 11 

L/hr. Set up a system with initial condition for the amount of 

salt in each tank at time t. Give your final answer in matrix 

equation form. 

 



2. Suppose Tank X contains 150 gallons of brine with 100 

pounds of salt, and Tank Y contains 100 gallons of pure 

water. Pure water is pumped into Tank X at a rate of 2 

gal/min. Brine from Tank X flows into tank Y at 3 gal/min. 

Brine from Tank Y flows into tank X at a rate of 1 gal/min 

while brine drains out of Tank Y at a rate of 2 gal/min. Set up 

a system with initial condition for the amount of salt in each 

tank at time t. Give your final answer in matrix equation 

form. 



3. Two objects are on a horizontal track. The first object with 

mass 1m  is connected to a support by a spring with spring 

constant 1k  with initial position  1 0 ax x , initial velocity 

 1 10x v  , and external force function  1F t . The second 

object with mass 2m  is connected to the first object by a 

spring with spring constant 2k  with initial position  2 0 bx x , 

initial velocity  2 20x v  , and external force function  2F t . 

(a) Write a system of second-order differential equations to 

find the position of each object at time t. (b) Convert the 

system found in part (a) to a system of first-order differential 

equations. Give your final answer in matrix equation form.  

 



4. Two objects are on a horizontal track. The first object with 

mass 1 5m   kg is connected to a support by a spring with 

spring constant 1 4k  , has initial position  1 0 0.5x   m, 

initial velocity  1 0 0.2x    m/s, and is given an external force 

of    1 0.5cos 2F t t . The second object with mass 2 4m   

kg is connected to the first object by a spring with spring 

constant 2 2k  , has initial position  2 0 1.1x   m, initial 

velocity  2 0 0x   , and is given no external force. (a) Write a 

system of second-order differential equations to find the 

position of each object at time t. (b) Convert the system 

found in part (a) to a system of first-order differential 

equations. Give your final answer in matrix equation form.  

 

 
 
 
 
 


