Pretest on Numerical I ntegration Name:

Date:

1. If you have $100 in the bark, and the amual percentage interes rate is 3%, how much money will
you have after 1 month? (Interes is compounded monthly.)

2. You aretold two facts about afunction y(t): y(0)=3 and dy(0)/dt=£56. Using these two facts, edimaie
the value of the function att=.1. Explain your reasoning.

3. Whatsimilaritiesand differencesdo you seebetweenthese two problems?
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Tutorial Overview: Thereare mary differertial equations that camot be solved aralytically, but can
be solvednumerically. In thistutorial, you will develop analgorithm to solve differertial equations
numericaly, based on your knowledge of calculus.

1. Approximating: In this partof the tutorial, we will work with the following simple diff ererial

equation:

While we cansolve this aralytically, we will pretend for alittle bit that we camot and solveit
exacly and use approximate metods instead Thenwe will check our approximation with the
exactarswer.

a. If you aregiventhisdiffererntial equation and the initial condition y(0)=1, esimate the value
of y(.25).

b. Explain the rea®ning you usedin the lag step

c. Onthegraph paperon the next page, draw a straight line betweent=0 and t=.25 that
aporoximatesthe function.

d. Using the same procedure, edimate the function att=.5 and draw the new linear
approximaton of the function.

e. If you edimatkdthe function using time steps of .125 insteadof .25, would you expectyour
edimatesto be more, less or equally accurate? Explain.
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f. Estimate the function betweent=0 ard t=.5 using four timesteps of .125. Draw the straight
line approximatons on the graph paper.
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2. Solving exactly: You have just solvedthe givendiff erertial equation using anapproximat linear
scheme we will now compare to the exactanswer.

a. Sdvethediffererntial equation exacty with the sameinitial conditions, and plot the valuesatthe
four everly spacedtimevaluesbetweent=0 and .5

b. Wasyour predction correctabout which approximaion would be more accurate?
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3. Generalizing: inthisstepyou will generalze what you have done, using notation that matches
Matlab notation:

At = time step
y, =y(t); wherez, = initial time
v, =y(t,); wherer, =t +(n-1)At

W= ? that is,the derivative evaluated at
1 11
. _dy . . .
= o that is,the derivative evaluated af
m

a. Why istheinitial timestept; and not ts? Hint: think about Matlab syntax.

b. Writeaformulafor how to getfrom thefirst timeinterval to the secand timeinterval using the
notation at the top of the page.

c. Writeaformulafor how to get from the nGh time stepto the n+1 time step using the notation at
the top of the page.

d. Another approximation we have usedisthe Taylor exparsion. The first two termsareasfollows:

() = y(t) + (- 1) %
drl,

What are diff erercesand similaritiesbetweenyour expression and the Taylor exparsion?
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4. Programming: Write a program to solve the diff erertial equation (with y(0)=1) betweent=0 ard
t=10 in the following steps:
a. Whatvaluesmust beinitialized? (Use atimestepof .1).

b. Whatequations will be inside the do loop?

c. Whatdo you wart to plot?

d. Writeyour code based on what youOe writtenabove.

e. OnceyouOe done the numerical integration, you must checkthatit is correct One of the beg
ways to do thisisto solve a problem that you cansolve amalytically (which we have) ard
compare exactand numerical arswers The ageemeri should get better asthe stepsize
decreases
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5. Homework: Now thatyou have a working code, you cansolve ary differerntial equation
aporoximately! You cannow solve for the mation (that is, find x(t)) for ablock attachedto a spring
subjectto quadratic drag, moving on a horizontal, smooth surface

a. Get a foothold: Draw the free body diagram. Sketch x(t) for limiting cases(whendrag isvery
small or verylarge) and for a more typical case.

b. Shop for ideas: We will use Fnet=mato find our differertial equation, and use the computer
method to solve for x(t). The problemis, however, our equation in this problemis second order.
What tecmique, that we have used before, will change thisinto two coupledfirst order
equations? How canyou use EulerOsnetod to solve coupled equations?

c. Do the work: Havethe computer solve the problemwhenall of the parameters(mass, spring
constant, damping constart) are equal to one. Plot the solution. Have the code run long enough
to getasense of whatthe block is doing.

d. Check your work and learn: How canyou check that your computer code is working? (Are
therelimiting ca®es? Doesit agreewith expectations?) Change the parameters afew timesand
seeif you canfind any importart diff erercesfrom linea drag.
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