
Math 12 0 Lab 2 : E ule r'sMethodandR ie m ann Sum s Sp ring 2 001
Discove ring the Fundam e ntalTheore m of Calculus

In thislab w e willinvestigate the sim ilaritiesanddi®e re ncesbetwe e n E ule r'sm ethod,w hich you
le a rnedlastse m este r,andR ie m ann sum s.R e callthatfo r an initialvalue p roble m ,

y0(x )= f(x ;y) y(a)= b

E ule r'sm ethodap p roxim atesthe value ofa solution y(t)ata sp e cīc p ointt.R ie m ann sum son
the othe r handare usedto estim ate valuesofde n̄ite inte gralssuch as,

Z b

a
g(t)dt:

Solving an InitialV alue Pr oble m Using E ule r'sMethod

Use the True B A SIC p rogra m EULE R 1,foundunde r the True Basic Calculus icon (unde r the
Mathematics icon),to obtain estim atesto the solution ofthe following initialvalue p roble m .
You willre callfrom lastse m este r thatEULE R 1im p le m e ntsE ule r'sMethodfo r an initialvalue
p roble m with a single rate e q uation.

y0(x )=
p
4¡ x 2 y(¡2 )= 0:

To use thisp rogram you willne edto sp e cify the di®e re ntiale q uation,initialvalues,andnum be r
ofste p s.R e callthatthe sq uar e ro otfunction in True B A SIC isw ritten S QR(¢).You willalso
ne edto give high andlow yvaluesfor the p lotdisp laying the grap h ofthe ap p roxim ate solution
E ule r'sMethodcalculates.
Use 16 ste p s.R e co rdthe intege r p a rtandthe r̄st7 digitsafte r the de cim alp lace for e ach of
the following estim ates.

x y(x)
-2 0
-1.5
-1
-0.5
0
0.5
1
1.5
2

A lso re co rdthe p lotofthe piece wise linear ap p roxim ation to the solution ofthisinitialvalue
p roble m .(Thisp lotisgive n to you by EULE R 1,butyou can also p lotityourselffrom the table.)
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Math 12 0 Lab 2 : E ule r'sMethodandRie m ann Sum s Sp ring 2 001

A n A ccum ulation Function

N ow conside r the accum ulation function

A(x )=
Z x

¡2

p
4¡ t2 dt :

O n a se p a rate p ie ce ofp a p e r,draw a grap h ofthe integrandg(t)=
p
4¡ t2.O n w hatinte rvalis

thisfunction de n̄ed? Give n your answ e r to thisq uestion,on w hatinte rvalisthe accum ulation
function A(x )de n̄ed?

N ow use the True B A SIC p rogram A GGSUM to obtain rightandlefthandsum estim atesfor
thisaccum ulation function A(x ).
Choose N = 16,setting a= ¡2 andb= 2 in each case.A GGSUM issetup to calculate right
handsum s.To use itto calculate lefthandsum s,you willneedto m ake the following changesis
the m ain loop for the p rogram .
Change FOR K = 1 TO N to FOR K = 0 TO N-1.
Change PRINT K, X, F(X), DELTA AGG, AGG to

PRINT K, X + DELTA X, F(X), DELTA AGG, AGG.
A gain re cordthe intege r p a rtandthe r̄st7 digitsafte r the decim alp lace for e ach estim ate.

x LHS R HS
-2 0 0
-1.5
-1
-0.5
0
0.5
1
1.5
2

Co m p a r e the le fthandsum estim atesabove with your r esultsfro m solving the initialvalue
p roble m using EULE R 1.W hatdo you notice ?
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B e A ble to E xp lain ...

A lthough no r e p o rtisre q uiredfor thislab,you shouldbe able to e xp lain the conne ction betw e e n
E ule r'sMethodfo r a p a rticular initialvalue p roble m andone typ e ofR ie m ann sum fo r a ce rtain
accum ulation function. Pay p articula r attention to your r e ading in the Calculusin Context
handouts.You m ay w antto be gin by w riting dow n w hatE ule r'sMethodis(getthe othe rsin
your lab group to help ).The n w rite dow n the R ie m ann sum s,andgo from the r e .

A Challe nge
N ow obtain ne w estim atesw hich ar e accur ate to 1decim alp lace.W ar ning: g(t)=

p
4¡ t2

isN O T m onotonic on the inte rval¡2 < t< 2 .Use a gra p hing calculato r to grap h g(t)andhelp
you p lan your wo rk.R e cordyour estim atesande rro r boundsbelow.

x LHS R HS Estim ate § E r ro r
-2 0 0 0 0
-1.5
-1
-0.5
0
0.5
1
1.5
2
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A n E xtra Challe nge

Conside r the following thre e initialvalue p roble m s:

v0(t)= 2 cos(t2) w 0(t)= cos(t2)¡ sin(t2) z0(t)= cos(t2)+ sin(t2)
v(¡2 )= 0 w (¡2 )= 3 z(¡2 )= ¡3

Use the True B A SIC p rogram E ULE R 1to estim ate solutionsto these thre e initialvalue p roble m s
atthe p ointsindicatedbelow.Try N = 32 in e ach case.

t v(t) w(t) z(t)
-2 0 3 -3
-1.5
-1
-0.5
0
0.5
1
1.5
2

B y w riting the solutionsto the lastthre e initialvalue p roble m sasaccum ulation functions,and
re fe r ring to p rop e rtiesofinte grals,show thatv(t)= w (t)+ z(t).Didyou obse rve thiswith your
E ule r ap p roxim ationsofthese solutions? Discuss.
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