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1. If you have $100 in the bank, and the annual percentage interest rate is 3%, how much money will 

you have after 1 month?  (Interest is compounded monthly.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. You are told two facts about a function y(t):  y(0)=3  and dy(0)/dt=Ð5. Using these two facts, estimate 

the value of the function at t=.1.  Explain your reasoning. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. What similarities and differences do you see between these two problems? 
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Tutorial Overview:  There are many differential equations that cannot be solved analytically, but can 
be solved numerically.    In this tutorial, you will develop an algorithm to solve differential equations 
numerically, based on your knowledge of calculus. 
 
1. Approximating:  In this part of the tutorial, we will work with the following simple diff erential 

equation: 

! 

dy
dt

= "2y 

While we can solve this analytically, we will pretend for a little bit that we cannot and solve it 
exactly and use approximate methods instead. Then we will check our approximation with the 
exact answer. 
 
a. If you are given this differential equation and the initial condition y(0)=1, estimate the value 

of y(.25).   
 
 
 
 
 
 
 

b. Explain the reasoning you used in the last step 
 
 
 
 
 
 

c.  On the graph paper on the next page, draw a straight line between t=0 and t=.25 that 
approximates the function.    

 
d. Using the same procedure, estimate the function at t=.5 and draw the  new linear 

approximation of the function. 
 
 
 
 
 
 
 
 
 

e. If you estimated the function using time steps of .125 instead of .25, would you expect your 
estimates to be more, less or equally accurate?  Explain. 
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f. Estimate the function between t=0 and t=.5 using four time steps of .125.  Draw the straight 
line approximations on the graph paper.   
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2.  Solving exactly: You have just solved the given diff erential equation using an approximate linear 

scheme, we will now compare to the exact answer. 
 
 

a.  Solve the differential equation exactly with the same initial conditions, and plot the values at the 
four evenly spaced time values between t=0 and .5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b. Was your prediction correct about which approximation would be more accurate?   
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3. Generalizing:  in this step you will generalize what you have done, using notation that matches 

Matlab notation: 
 

! 

"t =  time step

y1 = y(t1); where t1 =  initial time

yn = y(tn ); where tn =  t1 + (n #1)"t

ú y 1 =
dy

dt t1

that is, the derivative evaluated at  t1

ú y n =
dy

dt tn

that is, the derivative evaluated at  tn

 

 
 

a. Why is the initial time step t1 and not t0?  Hint:  think about Matlab syntax. 
 
 
 
 

b. Write a formula for how to get from the fi rst time interval to the second time interval using the 
notation at the top of the page. 
 
 
 
 

 
 

c. Write a formula for how to get from the nÕth time step to the n+1 time step using the notation at 
the top of the page. 

 
 

 
 

 
 

d. Another approximation we have used is the Taylor expansion.  The fi rst two terms are as follows: 
 

! 

y(t) = y(t
0
)+ (t " t

0
)
dy

dt t0

 

What are diff erences and similarities between your expression and the Taylor expansion? 
 
 
 
 
 
 
 



Numerical integration:  EulerÕs method 
 

D. Meredith/UNH Physics 

4. Programming:  Write a program to solve the diff erential equation (with y(0)=1)  between t=0 and 
t=10 in the following steps: 
a.   What values must be initialized?  (Use a time step of .1). 

 
 

 
 
 

b. What equations will be inside the do loop? 
 
 
 
 
 

 
 
 
 

c. What do you want to plot? 
 
 
 
 

 
 
 

d. Write your code based on what youÕve written above. 
 
 
 
 

e. Once youÕve done the numerical integration, you must check that it is correct.  One of the best 
ways to do this is to solve a problem that you can solve analytically (which we have) and 
compare exact and numerical answers.  The agreement should get better as the step size 
decreases. 
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5. Homework:  Now that you have a working code, you can solve any differential equation 

approximately!  You can now solve for the motion (that is, fi nd x(t)) for a block attached to a spring 
subject to quadratic drag, moving on a horizontal, smooth surface. 

 
 

a. Get a foothold:  Draw the free body diagram.  Sketch x(t) for  limiting cases (when drag is very 
small or very large) and for a more typical case.   

b. Shop for ideas:  We will use Fnet=ma to find our differential equation, and use the computer 
method to solve for x(t).  The problem is, however, our equation in this problem is second order.  
What technique, that we have used before, will change this into two coupled fi rst order 
equations?  How can you use EulerÕs method to solve coupled equations? 

c. Do the work:  Have the computer solve the problem when all of the parameters (mass, spring 
constant, damping constant) are equal to one.  Plot the solution.  Have the code run long enough 
to get a sense of what the block is doing. 

d. Check your work and learn:  How can you check that your computer code is working?  (Are 
there limiting cases?  Does it agree with expectations?)  Change the parameters a few times and 
see if you can find any important diff erences from linear drag.   

 
 
 
 
 

 
 


