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Differential Equations Made Easy

Review and Description of some features, Josef Bohm

DUG Member Nils Hahnfeld gathered a bundle of programs and functions into one application
DEQME v.7.0, which can be downloaded and purchased from www.ti89.com. The application is
available for TI-89, TI-92+ and Voyage 200.

Nils and I had an extended exchange of emails and files. In some details he could refer to earlier DNL
contributions.

I will give an overview about the many features of DEQME.

First of all see screen shots which show all options offered in the various menus reaching from Basics
of 1* order DEs over PDEs to special DEs, Laplace Transforms and Eigenvalues.
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I open the first menu point under F1 1.Order, 1:Basics and want to inform about General Sol(ution):

3
%:EiEF.Eq%atinns
3 tUrder o 3
Different F:welicit Sol

diExplicit Sol
Mad E:Ear%mu!ar‘ !n!
7 Homogeneous_DE

Hon-Homog.
S:Exit

Gengral Solukion. i

The goal is to solue a Diff. Egquation.
A general solution satisfies

g given Oiff. Equation.

Exl: du-dx=35 has the gen. =sol. y=5Sx+C.
Ex2: dy-dx=5y

has gen. sol. y=C#ke™CSxd.

Enter=0k

ESC=CAHCEL

[RLIL] EAD AUTO FUHC 0/Z0

[RLIL] EAD AUTO FUHC 0/Z0

Then I switch back to F1, 2:Any 1.0rder DE and would like to solve the differential equation

2y—-x-5
'=——; y(0)=4.
2x—-y+4
Enter any 1. OF der DE. “"D :..:j'__'_‘_;’_
DE: : Ju'=c@y=—w-597(Zx-ghdo] | General solution:
Exl: s'=="2
Ex2: sy '=y - (-2 u+5)
Indep. war.=: [z | L) 2ox—g+4d
Dep. war.=: [ |
OFTIOWAL: Initial condition
at x or b oor ..=t
goor s or ..= |
L Enter=0k ESC=CHHCEL ')
AN RAD_AOTD FONC 0730 AN RAD_AOTD FONC 4730 [FauzE

I don't receive the solution because the TI built in desolve cannot solve this kind of DE. Under F1 1
can find the option G:Linear Fractions. So I try again:

£

r Linedr Frackisns -
OE: @ [u'=ify—s—5or(Zu—g+do |
Exli o'=(Zu+y-32sx—y+2)

Enter=0K ESC=CAMCEL

Solution:
[ — g+ -
ln[—(x = 3:']—3-1n[—x+'=' 1]

]
®+ 1 = #*+1 = lnix + 1

(362°82.,24 3., 282,y 2y 4 o282, 2

HMAIN EAD AUTO FUMC 1/Z0

AN FAD_AOTO FUNE 1,30 [F il El

This is the general solution, but how to obtain the special solution? The solution which is presented in
the Prgm 10 screen is stored as res and can be recalled in the Home screen. In F7 Menu you can find
the respective note.
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e A 1RCED
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= res | B3 S SHEl }?n(EJ
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s d-3y-24)u= (x7 -3 x%+30-x+20)| =0
{3u2-g.y+30)+ui-3u¥-24.y+a0=0
lexpand[x3+3-x2-(g— 1)+3-><-[92—2-'=|+’
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Just for checking the result I load DERIVE and apply the L IN_FRAC-function:

2y —® -5
LIH—FR-'E"C -1 _1| 2| _5| 2| _1| 4| L DI 4
2w - w + 4
¥ -y + 3 ¥+ oy — 1
LM - —— 3.LM
x+ 1 ¥x + 1 ERNTED
- = LN(x + 1) - —————
2 2 2
After some manipulations I obtain the same solution! Well done, DEQME!!
3 2 2 2 3 2

#11: = + 3ex ooy — Fed 4+ Jewey — GBedew + 300k + 0y — Fey - 24y =

In case of non intersecting linear functions in numerator and denominator DERIVE provides a special

utility function FUN_L IN_CFF_GEN. Nils implemented this special case as you can see

-80

below:

Solution:
i Lingar Frackions ™ 3-(2-x+g—23_4.1n(14.x+?.g_223_x+’
DE: @ [ =iowtogoy  Gdmg-1my | 7 L
Exl: g'=02utg—30-Cu—g+2) 4-lnild - x+ 7 - g—Z220+ 7 [(xw—3-u+ 7 B4+ 1k
Enter=0F ECC=CHMNCEL
HMAIN FAD AUTO FUMWC 4/30 HMAIN FAD AUTO FUMWEC 730 [E-i < E]
I try solving another DE using the first menu point “Any 1. Order DE” 1+ * +x-y-3'=0; y(3) =2.

Enter any 1. Order DE. '\D

DE: = [Lrorawwkghy =0 | Gener‘al solution:

Exé: 5'=s"2 .

®ET wky =y =By

Indep. war.=: [ | s w2

Dep. war.=: |a | Uzing Initial condition,
OFTIOWAL: Initial condition particular solution is:
at w aor toor .=t 3 2 45

g ar = ar ..= 2 ] Ye=—=-1
. Enter=0K ESC=CAHCEL g

AN FAD AUTD FUNL 0720 AN FAD AUTD FUNL 0720

F el

And I’d like to plot its slope field and the special solution.
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ETI:%:E::: :: ; i Enter DE ko GFaph s10F& Figld.
9=M(><,g)dx+N g = dusdx=: [CEltg™Zar abgd] ]
ET 3’9 EE(Eﬁgéker MOTE1: Use wariables x and d.
C:RL Circuits HAOTEZ: Only du-sdx on lett side.
D:Bernoulli Exl: dy-dx=:x#y
EEEla1Paut Equatlnn ExZ2: du~dx=x—yg
Gilihear Frackions Enter=0K ESC=CAMCEL
|
RG] FAD AUTD FUMC 49770 HAIN FAD AUTD DE__ 4/70

As you can read in the bottom line, the GRAPH Mode changed from FUNC to DE.
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, ¥(=2) =4. Solve and plot the solution together with the direction field.

WD P'r*r-gsmll:l i

[Frg—CZw ™2y dy T = ]

Y 2x* +

Enter any 1. Order DE.

OE: : General solution:
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Exl: s'=="2
Ex2i wdy'=y 3 < 3
Indep. var.=: [x | <43 T 1.3 -
- 2.y u
Dep. war.=: [g ] s Initial diti
OPTIOMAL: Initial condition Selike) e el o EliE
at w oF b ooF ..=F |- rarticular solution isi
yor s or .=t 4 ] -3 I3 g.z13 _ 3'[><2_4]
_LEnter=0K ESC=CANCEL 2 | ,=|1/3 B H4/3 El - 2_H4/3
AN FAD_AOTO FUHE G/=0 AN FAD_AOTO FUHE G/=0 s
T Tiw | te Y FE_ [ Eav ]
Fark. Salukion = Enker DE and Faink (sl ﬂ "{— ZDDF"I Tr"'a':-E" RE‘Q""EPI"I Math Elr*aw - f IC
— = — IR VRN A T
SE;ETT-U |3><*‘=‘*"_:2E12+‘=" - | R R R s A e
Ex: dudwmorg o o R N NN N 7/ ey
w=t |-2 | T T . . il sl
Ex: x=0
u=: [4 ] B i B B e R
Ext w=2 R IR B S
_LEnter=0K ESC=CHHCEL B A BN I N N N
o A B AN VR N AN it
HAIN RAD_AUTO [T HAIN RAD_AUTO E [Fiil:E]

Runge-Kutta is implemented in order to find

numerical solutions.

MAIN RAD_AUTO [13
FEw 7 Fow [ iiv [ v ] i T T
2. Dr‘der‘ Dr‘der‘ ul PDE Trahst HDF‘E L] Funde-Kukka Metho d: "y L
Eﬂil{ "~ ;r‘i' +”‘Egggkﬂp Apprroximates o coordinates
C:EL Ci t using
it Bernoni 11 = = o ToPAE CCry, ain) )
E:Clairaut Equation k_2= h*F{x{n)+h/2,g(n)+k_1/2)
F:Lagr*ange Equation k_Z=h#f Cxind+hs2,9lni+k_2-22
G_L1near‘~ Fractions k_d=hekf Cxind+h, glna+k_3)
Iil_gln ) Flgluil . Then gin+li=ginn
i e +{k 12k 22wk _It+k_416
(Enter=0K__ (ESC=CAHCEL
| RN RAD_AOTO FONC /=0 MAIN RAD_AOTO FONC /=0
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T T ]’ FE T E
. T, - Dt Prgm IO e
Ent-zr ] InF-:-rmul:u:-n
dusde=t [Frdgs (2240 -1.500
w=t [2 =
uixi=t [ 3. 044
Step Size ax=t W09
Mumber of points=n=: [0 | Fress Enter to continue
Entetr=0K ESC=CAMCEL
FAIN FAD ANTO FUNL 2750 FAIN FAD ANTO FUNL 2750 il

Next examples deal with separation of variables — and I switch to the TI-89:

Mewton's Law of Coolind

1:d /dx £, 00
2='il = |k E

EHIVRE A .' LT I=H) dwtdbskkcy =R has analvtic Solution:
tu H wIRHCEH(RED
. 5 ' it d=kkgdk Ayl iks Ararh Tooks a5 Follows:
&: Hon—Exact Mtferent1al Equations ' — —
Si Thear 1n Enker=0E ESC=CAMLCEL
Sllinear in 9
AN FAD AUTO FUHL [T AN FAD AUTO FUHL [T |FMAIN B RAD AUTOD  FUWC  0/=0 |

Entsr Differential Equation

dutdb=kkiv-al
E¢lows enter walug for A,
5¢ Flidi is Ji

[]

y=5a-gk b5 k_2g
withi k=-1n¢5-33-10

k= -.051
|
when l:1-- [zE | LEI
wirL)=: [2 | e
Enker=OE e ESC=CAMCEL 3 M - 20
HAIM EAD ALUTO FLUMC 030 HAIM EAD ALUTO FLUMC 030 HAIM Rﬁ[l AUTO FLUMC FAUE]
I"d like to see the calculation steps:
bt <5 & = Enber suparable Drarsmai b ) e I
dvsdu=: pobinividtingg
i e @y Differential Ean:
Exg) duidiziky du g1l

Exz) dvsdu=i+ecg == = =
In:t:ui| walug (Finds <: o sing=)
x=: (e

v [ire 1) Separate Uariables:
Exid x=1s v=z Jlatgelndyd ddu=rilscsinds ik
TYFE OF USE €374 *+ [ENTER] OF [ESCT FAIN FAD ALTO FONC [T FAIN FAD ALTO FONC [FAu:E]

5) ".lnLEanLE..'.i 2 E Hi LR ROt E |\ LFU k ) e ).:
i 31 Sol ¥ 53 Particular Solution is:
In(lngun = 1n[ 252 2 )y ¢ Sive for W .
&= Inclndu)d + - 1nd 1m0 — m-4 =k
2 Solue for gl sinl= e _EDS(I'
eb. s Cos(+1 - ° A0 TS y=——1 — and signisi
sindxd =0 and cozc P 43 Find c usina {m~2,1-23: _sinx) ¥
Cosla1+1 =0 and 4=#& false g Eosixi+1
AN FAD AUTO FUHL [FALZE]| MAIH FAD AUTO FUHL [FALZE]| AN FAD AUTO FUHL [FALZE]|

Compare with the deSolve — result. It might be a nice

5% Farticular Solution is: problem for students to verify the identity of the trig ex-
InilnCu + - In(lng2 — -6 =k pressions.
1 . .
g = Y] and 519n(51’
7 cos{x)+ 1
HAIH FAD AUTO FUHL JF ruE]
Fi-| Fe= |Fa=| Fu= | FE FE~ I_] @ Fi-| Fe= |Fa=| Fu= | FE FE~
T-:--:-1s|ﬁ13-zbru Cate|other|praminjcizan ue T-:--:-1s|ﬁ13-zbru LR (L A A T-:--:-1s|ﬁ13-zbru Cate|other|praminjcizan ue
InCInCan = lnLtanLEJJ U= LS p— tanl_:._
®
.y lniw) lsnlue[ln(ln(u))= ln[tan[ii pCrE tan[ ]
ldeSulue[u =irte ’ ,H] eEz-tan[i] 'l=I=~'P |><—% anch
1nd 1nkyyy = ln[tan[z]]+E2 y=e 2) ang tan[—gh 1/ = et
ey i AN LESE 0 Y | w=ns2 and gy=1-2 soluvetansily, B2
MAIN RAD AUTD FUNE 1730 MAIN FAD ALTO FUNC D MAIN FAD ALTD FUNC ERED)
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' x+y
Y=
Y-

y(1) =2. This is a homogeneous DE.

Again I'd like to I follow the steps. Then I will compare with deSolve.

Fex | F3v |F4s| FE= | FGe|F7r
Z.0rder|0rder n|FDE|TFansf|Morg|Exit
1:Bazics=
2:Any 1.0rder DE
3:59 ar-able hi=

TS
&:Hon—Exact
rilinear in =
Sllinear in 9

HMAIN KAD ALTO FUNC [T

I Horodeneous DiFF.Equation K

Ml::-::y]dle:x:dey 0
i horod =]
Ml:x.-y:l-' ity
Ex: Mixawisig-wrg
M= [x-vp ]
Ex: MCiawi=ishe
OFTIOMAL: Ik HAt
at x=: |1
|

v 2

Enker=0K EZCSCAMCEL
HMAIN KAD ALTO FUNC [T

Utz - du=0

i=s homogeneous. Dearee=1.
1ilUse g=u#x, du=usdxtxkdu
EFE S R L ATE R E O T SVE Y
23 Simelifu

-2 =2y -1 ok - =1 kb

HAIN RO AUTD FUHE [F il 2E |

'(u"2 22— 1>*><d>c:+ LAVt
ar

du _ '[uz—E-u— 1]

g% (u-11=

31 Separate Uariables:

S =10 Q2= 2= 1 ddu=a1 ok
HAIN RO AUTD FUHE [FAUZE]

N

dx  (u-11-=

32 Separate Variables:
Feiu-10- 0yt 2- 20— 1 2du=rlp
43 Intearate:

'1n(u2—2-u— 1]

=lni=l+c

2
HMAIN RAD ALTO FUNC

[P All:E]

- 1J:

51 Since u=usx

'[x2+2-><-u—'=|2]
2 ]
=1r

=lni=l+c

-1n

X

2
HMAIN RAD ALTO FUNC

[P All:E]

= - H hIXI
1n = -C.
= B R Y-+ ¥ e
1nl 22><'=| o ]]__ J-22 -2 g+l
63 Salue for u Using Initial conditions:
" Thus. Particular solution:
=
Y 2 -2
=ew LS e S
o220y 4 y? L i i
MAIN RAD AUTO FUNE [F U ZE] MAIN RAD AUTO FUNE [F U ZE]
Fir| Fex |Fav| Fu=| FE Fé~ Fir| Fex |Fav| Fu=| FE Fé~
Touls|13ebralCalcDther [Framiofclean up Touls|13ebralCalc|Dther [Framiofclean up
__Tlx+y) ] C 2 Tz
ldeSnlue[u =—mog e b wy-2 =gz
z z
S e 2
» 22 2 -}{2 +x-g—HT=E3|x=la"
T e I 1-2 =23
1 ansiliix=1 and g==2
HAIN FAD ALTO FINC 7T HAIN FAD ALTO FIINC 7T

2
E 4wy -1s2=0

2
Dome.

2

HMAlN EAD AUTO FUNC

IF il :E ]

How to find an integrating factor—- if there is any? DEQME gives the answer:

Fer | For |F4s] F&= | FGv|Frr Tl - el % T e
2.0rder|OFdsr n|FDE[TFansF|Har¢|Exit E Entsr M and M.
1:Baszic
Mixawi=: [FEepreien uokizeal
Zifing 1.0rder OE A
3i SE'F"-EIF‘EII'J]-E" S MOxaw= [Frt-wkntz
4:Homogeneous Ext Nix wi=y E sy
5:Exac OFTIOHAL: Inti it
at = |2
H 1near 1 = an T depends an . wa:
Sllinear in 9 CEnter=OE 3¢ ESC=CAMLCEL 3 EnEer=OF ESC=CAMLEL
MAIN FAD ALTO FIUNC [T MAIN___ BCWRAD AUTO FIUNC [T MAIN FAD ALTO FIUNC [T

O3Sk g ™ G 2y g I dick R
Testl:
Mo duy—d@H s M=
-4
B

HMAlN EAD AUTO FUNC

[F AUzl

[]

Using Inltlal conditions:
c=2-a+2s3
Thus. Particular solution:

- 3
Ak - - T=2a+}

HMAIN KAD ALTO FUNC

IF fll:E]

only contains =. + e™Sudx=
&I —dn =

Multiel. throush by I.F.

St g g g4yt B /x"‘4-:F
MAIN RAD ATO FUNLC [F-ill:E]

Multiepl. thr‘nuqh hu I.F.:
S IR AR 2y g T S b
iz exact now and has

the aeneral solution:

2 3
i gx-2o 4 =c
2 B g,
MAIN RAD ATO FUNLC [F-ill:E]

(will be continued)




