Differential Equations (DIFF EQ)
Software for the ALGEBRA FX 2.0

Using the DIFF EQ Mode

Differential Equations of the First Order

Linear Differential Equations of the Second Order
Differential Equations of the Nth Order

System of First Order Differential Equations
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Using the DIFF EQ Mode

1. Using the DIFF EQ Mode

You can solve differential equations numerically and graph the solutions. The general
procedure for solving a differential equation is described below.

Set Up
1. From the Main Menu, enter the DIFF EQ Mode. Differential Eauaticn
Fili:ist Order Eauation
F2idnd Order Lin E49
F3:MLh QOrder Equalion
Fd:l=t Order Swestem
FSiRecall Last
15t [2nd [R-thlSv=ROL
Execution
2. Select the differential equation type.
e F(1st)........ Four types of first order differential equations
*F2(2nd) ...... Second order linear differential equations

¢ [F3)(N-th)...... Differential equations of the first order through ninth order
* [F4(SYS) ..... System of the first order differential equations
¢ [F5(RCL) ..... Displays a screen for recalling a previous differential equation.

*With (F1)(1st), you need to make further selections of differential equation type. See
“Differential equations of the first order” for more information.

*With (F3)(N-th), you also need to specify the order of the differential equation, from 1
to 9.

e With (F4)(SYS), you also need to specify the number of unknowns, from 1 to 9.
3. Enter the differential equation.
4. Specify the initial values.

5. Press (F5)(SET) and select (1] (Param) to display the Parameter screen. Specify the
calculation range. Make the parameter settings you want.

Step size for the classical Runge-Kutta method (fourth order)
Number of steps for graphing*' and storing data in LIST.

The number of slope field columns displayed on the screen (0 — 100).
The slope fields can be displayed only for differential equations of the

first order.
*"When graphed for the first time, a function is graphed according to a value of Step. For
always graphed with every step. When the example, when Step is set to 2, the function is

function is graphed again, however, it is graphed with every two steps.
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6. Specify variables to graph or to store in LIST.
Press (F5(SET) and select (2] (Output) to display the list setting screen.

x,y, y, y@ ..., y® stand for the independent variable, the dependent variable, the
first order derivative, the second order derivative, ....., and the eighth order derivative,
respectively.

1st, 2nd, 3rd, ...., 9th stand for the initial values in order.

To specify a variable to graph, select it using the cursor keys (@, ®) and press
(F1)(SEL).

To specify a variable to store in LIST, select it using the cursor keys (@, @®) and
press (F2J(LIST).

7. Press [0°T¥) (V-Window) to display the V-Window setting screen. Before you solve a
differential equation, you need to make V-Window settings.

Xmin ... x-axis minimum value Lliew Wircan

max ... x-axis maximum value max 6.

scale ... x-axis value spacing ggilei é 1

dot ... value corresponding to one x-axis dot L"mé; 331 1

Ymin ... y-axis minimum value INITITRIGIETO =T O RCL |

max ... y-axis maximum value

scale ... y-axis value spacing
8. Press (F6)(CALC) to solve the differential equation.
* The calculated result is graphed or stored in the list.

# Only the slope fields are displayed if you do
not input initial values or if you input the wrong
type of initial values.

# An error occurs if you set SF to zero and you

# An error occurs if you input variable y in the
function f(x). Variable x is treated as a
variable. Other variables (A through Z, r, 6,
excluding X and Y) are treated as constants

do not input the initial values, or if you input
the initial values inappropriately.

# You are advised to input parentheses and a
multiplication sign between a value and an
expression in order to prevent calculation
errors.

# Do not confuse the (=] key and the key.

A syntax error occurs if you use the key
as the subtraction symbol.

and the value currently assigned to that
variable is applied during the calculation.

# An error occurs if you input variable x in the
function g(y). Variable y is treated as a
variable. Other variables (A through Z, r, 6,
excluding X and Y) are treated as constants
and the value currently assigned to that
variable is applied during the calculation.
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2. Differential Equations of the First Order

H Separable Equation

Description
To solve a separable equation, simply input the equation and specify the initial values.
dyldx = fix)g(y)

Set Up
B 1. From the Main Menu, enter the DIFF EQ Mode.

Execution
2. Press (F1)(1st) to display the menu of first order differential equations, and then select
(1) (Separ).
. Specify f{x) and g(y).
. Specify the initial value for xo, yo.
. Press (F5)(SET) (] (Param).
. Specify the calculation range.
. Specify the step size for A.

. Press (F5)(SET) (2] (Output).
Select the variable you want to graph, and then select a list for storage of the
calculation results.

0 N O O~ W

9. Make V-Window settings.
10. Press (Fg)(CALC) to solve the differential equation.

P
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Differential Equations of the First Order

o0 000
Example
x0=0,y0={0,1},-5sx =5, h =0.1.

Use the following V-Window settings.
Xmin =-6.2, Xmax =6.2, Xscale=1

To graph the solutions of the separable equation dy/dx = y? -1,

Ymin =-3.1, Ymax=3.1,

Yscale =1

Procedure
@ [ DIFF EQ
@ [F)(1st)(@] (Separ)
® D Eg
(e B (Y)Y (A @2 B (@ 9
@ (@ Eg
@ X ({)[ 6] 0 @M E(})E
® (F5)(SET) (@] (Param)
® @BEE
(5 &€
@ OEHODEEFB

[E5)(SET) @ (Output) B (INIT) E)
© (st [0rTN) (V-Window)
©@EEE@EE
BIDIAGE
DE®
@@L
BOOE
1 B9 &
(Fg)(CALC)

Result Screen

(X0, yo) = (0,1)

FEEE
TRACEIZ00MERTC

R
G-ELU |F‘IE-Ti

# To graph a family of solutions, enter a list of
initial conditions.
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H Linear Equation

To solve a linear equation, simply input the equation and specify initial values.
dyldx + fix)y = g(x)

Set Up
B 1. From the Main Menu, enter the DIFF EQ Mode.
Execution

2. Press (F1)(1st) to display the menu of differential equations of the first order, and then

select (2] (Linear).
. Specify f{x) and g(x).
. Specify the initial value for xo, yo.
. Press (F5)(SET) (] (Param).
. Specify the calculation range.
. Specify the step size for A.

. Press (F5)(SET) (2] (Output).
Select the variable you want to graph, and then select a list for storage of the
calculation results.

o N O O~ W

9. Make V-Window settings.
10. Press (Fg) (CALC) to solve the differential equation.
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o0 000
Example  To graph the solution of the linear equation dy/dx + xy = x,
Xo=0,y0=-2,-5sxs5,h=0.1.
Use the following V-Window settings.
Xmin =-6.2, Xmax =6.2, Xscale=1
Ymin=-3.1, Ymax=3.1, Yscale=1
Procedure
@ M DIFF EQ (F5) (SET) (2] (Output) (F4 (INIT) Es0)
@ [F1(1st)(2](Linear) © [orTN) (V-Window)
® B8®
6@ Ee
@ @k Oe®
(2] &g OO0
® [8)(SET) (@ (Param) B0k
©® @EE 1 g
B (Fe) (CALC)

o DOOEE

Result Screen
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H Bernoulli equation

To solve a Bernoulli equation, simply input the equation and specify the power of y and the
initial values.

dyldx + flx)y = g(x)y"

Set Up

| P

From the Main Menu, enter the DIFF EQ Mode.

Execution

2.

0 N O 0o~ W

Press (F1)(1st) to display the menu of differential equations of the first order, and then
select (3] (Bemn).

. Specify f(x), g(x), and n.

. Specify the initial value for xo, yo.
. Press (F5)(SET) (] (Param).

. Specify the calculation range.

. Specify the step size for A.

. Press (F5)(SET) (2] (Output).

Select the variable you want to graph, and then select a list for storage of the
calculation results.

9. Make V-Window settings.

. Press (F§)(CALC) to solve the differential equation.

P
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o0 000
Example To graph the solution of the Bernoulli equation dy/dx — 2y = —y?,
xXo=0,y0=1,-5sx=s5,h =0.1.

Use the following V-Window settings.
Xmin =-6.2, Xmax =6.2, Xscale=1
Ymin=-3.1, Ymax=3.1, Yscale=1

Procedure
@ [EW DIFF EQ @ ODEHDEE
®@ [F)(1st)@) (Bern) (F3) (SET) (@) (Output) (Fa) (INIT) €0
® ©RE ©@ (s @ (V-Window)
©dEd ©EHRE
(29 6 EH R 0Ed
@ (@& ER)EEICH)
EB]CE] ©OEEHOE
® (F3)(SET)([@ (Param) BHOE
® DBEEY D E
(5) & [Fg)(CALC)

Result Screen

TRACEIZOOMERTCHG-ZLY FICT
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M Others

To solve a general differential equation of the first order, simply input the equation and
specify the initial values. Use the same procedures as those described above for typical
differential equations of the first order.

dyldx = fix, y)

Set Up
B 1. From the Main Menu, enter the DIFF EQ Mode.
Execution

2. Press (Fi)(1st) to display the menu of differential equations of the first order, and then
select (4)(Others).

. Specify f{x, ).

. Specify the initial value for xo, yo.
. Press (F5)(SET) (] (Param).

. Specify the calculation range.

. Specify the step size for A.

. Press (F5)(SET) (2] (Output).
Select the variable you want to graph, and then select a list for storage of the
calculation results.

0 N OO 00 b~ W

9. Make V-Window settings.
10. Press (Fg) (CALC) to solve the differential equation.

P
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Example To graph the solution of the first order differential equation
dyldx =-cos x,x0=0,y0=1,-5sx=5,h =0.1.

Use the following V-Window settings.
Xmin =-6.2, Xmax =6.2, Xscale=1
Ymin =-3.1, Ymax=3.1,

Yscale =1

Procedure
@ ([@W DIFF EQ
@ (F1)(1st) (4] (Others)
@ ([ (e (o1 )
@ (@ Eg
E]GE
® (F5)(SET) (@] (Param)
©® @B
(5 &
@ @OEOEe

® (F(SET) (@ (Output) F3(INIT) &
© (snFy (0eTH) (V-Window)
©EEEE
0@
ERIEEIC
©EHOE
B0 0
[ g &
{0 (Fg(CALC)

Result Screen

N = — S —
xi;f=%xij;=x
n — e — I i —
DR e p—
N = — =,

TRACEIZ0oMERTCHG-SLU] FICT

—+=
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Linear Differential Equations of the Second Order

Order

Description

To solve a linear differential equation of the second order, simply input the equation and
specify the initial values. Slope fields are not displayed for a linear differential equation of the

second order.
V' +flx) ¥+ gx)y = hix)

Set Up

| P

From the Main Menu, enter the DIFF EQ Mode.

Execution

o N O O~ W DN

. Press (F2)(2nd).

. Specify f{x), g(x), and h(x).

. Specify the initial value for xo, yo, y’o.
. Press (F5)(SET) (] (Param).

. Specify the calculation range.

. Specify the step size for A.

. Press (F5)(SET) (2] (Output).

Select the variable you want to graph, and then select a list for storage of the
calculation results.

9. Make V-Window settings.

. Press (Fg)(CALC) to solve the differential equation.

P
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Linear Differential Equations of the Second Order

o0 000
Example To graph the solution of the linear differential equation of the second
ordery” + 9y =sin 3x,x0=0,y0=1,y'0=1,0sx=10, 2 = 0.1.
Use the following V-Window settings.
Xmin=-1, Xmax=11, Xscale=1
Ymin=-3.1, Ymax=3.1, Yscale=1
Procedure
@ [EW DIFF EQ ) (SET) () (Output) F@ (INIT) &3
@ (F3(2nd) © (0eTN) (V-Window)
G @k @
B EE) ERJERNCE)
(&in) (3 DOe®
@ (@) g BOOE
(EB]CE) B80kE
(EB]CE) G GT )
® (F5)(SET) (@] (Param) (Fg) (CALC)
©® @
B0

@ OHOE"E

“Paramet.er

Hranae
min @
max 1@

IHITI

*2

Uiew Window
scalesl
dot.  1@.E9323289
Ymin #-3F.1
max_ =3,
scalel]

INITITRIGIETOISTO[RCL]

Result Screen

TRACEIZ00MERTCHG SLU]

IFICT]

P
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4. Differential Equations of the Nth Order

You can solve differential equations of the first through ninth order. The number of initial

values required to solve the differential equation depends on its order.

¢ Enter dependent variables y, y’, ", y?, ....., y® as follows.
Ve =(Y)
Ve Fw)@(Y1)

Bl Differential Equation of the Fourth Order

The following example shows how to solve a differential equation of the fourth order.

Y=, y, e : ¥9)

Set Up

B 1. From the Main Menu, enter the DIFF EQ Mode.

Execution

. Press (F3)(N-th).

. Press (F3)(n) (4] to select a differential equation of the fourth order.
. Specify y®.

. Specify the initial value for xo, yo, y', y"o, and y©k.

. Press (F5)(SET) (] (Param).

. Specify the calculation range.

. Specify the step size for A.

. Press (F5)(SET) (2] (Output).
Select the variable you want to graph, and then select a list for storage of the
calculation results.

10. Make V-Window settings.
11. Press (Fg)(CALC) to solve the differential equation.

© O N O 0o~ WD

P
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o0 000
Example To graph the solution of the differential equation of the fourth order
below
y¥=0,x0=0,y0=0,y0=-2,y0=0,y%=3,-5sx=5,h =0.1.
Use the following V-Window settings.
Xmin =-6.2, Xmax =6.2, Xscale=1
Ymin=-3.1, Ymax=3.1, Yscale=1
Procedure
@ [EW DIFF EQ © [F8(SET) (2 (Output) FA(INIT)EJ
@ (F3(N-th) (0eTN) (V-Window)
@ B)(n)[@ kg E68®
@ @k 6@ e
® @ Fg EGEIC)
@9 B8O
©E e EN O EB]CE
@9 1 969
BEGEE @ [Fg(CALC)
® (F5)(SET) (] (Param)
@ ©@EE
B

IR KR GT R =5

“Parameter

2 [iew Window

Arange scalell
min -9 dot.  1@.B89341769
max =3 Ymin :-3.1
3! 1A, 1 max  f3.1
EEEI?F =calell
IHIT INITITRIGIZTO [ETO [ RLCL

P

Result Screen

TRACEIZOOMERTCHG-ZLY IFICT]
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H Converting a High-order Differential Equation to a System of the First
Order Differential Equations

You can convert a single N-th order differential equation to a system of n first order
differential equations.

Set Up
B 1. From the Main Menu, enter the DIFF EQ Mode.
Execution (N = 3)
2. Press (F3)(N-th).
3. Press (F3)(n) (3] to select a differential equation of the third order.
4. Perform substitutions as follows.
Y = Y1 (B w @)
Y = Y2 (B (e) @)
¥ = Y38 ([ (ye) @)
5. Specify the initial value for xo, yo, y’o, and y"o.
6. Press [F2)(—SYS).
7. Press (exg(Yes).

* The entered differential equation is converted to a system of three first order
differential equations. Initial values are also converted accordingly.

P
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o0 000

Example Express the differential equation below as a set of first order
differential equations.
y® =sinx -y’ -=y",x0=0,y0=0,y0=1,y"0=0.

Procedure
@ (W DIFF EQ
@ [E3(N-th)
©® B EEY
@ [sin) {67 (5 E3) (yen) (D B B (yen) @) 9
® @9
© &9
@ &g
© &9
® [F2(—>SYS)
@ E9(Yes)
The differential equation is converted to a set of first order differential equations as shown
below.
()" = dyldx = (y2)
(02)" = d2yldx? = (ys)
(y3)’ = sinx—(y2) — (v3).

Initial values are also converted to (xo = 0), ((y1)o = 0), ((y2)o = 1), and ((y3)o = 0)).

Result Screen

1=t Order Swstem 3
¥E T
»3'==in A-YZ-%3
o =@
»i0=H
»ano=1
[Frn IDELAISET [CAL
»30=0
[=rn IDELRIZET [CALG
# On the system of first order differential () > Y1
equations screen, dependent valuables are (y2) > Y2

expressed as follows. (vs) > Y3

P il



5-1
System of First Order Differential Equations

5. System of First Order Differential Equations

A system of first order differential equations, for example, has dependent variables (y1), (y2),
..... , and (ys), and independent variable x. The example below shows a system of first order
differential equations.

(01)'= (v2)
(v2)'=—(y1) +sinx

Set Up

[ IR

From the Main Menu, enter the DIFF EQ Mode.

Execution

2

© 00 N O O

10.
1.

. Press (F3(SYS).
3.
4.

Enter the number of unknowns.

Enter the expression as shown below.
1) = Y1 (B () [@D)

() = Y2 ([ () (2)

(vo) — Y9 (E3(y) (D)

. Specify the initial value for xo, (y1)o, (y2)o and so on, if necessary.
. Press (F§)(SET) (1] (Param).

. Specify the calculation range.

. Specify the step size for A.

. Press (F5)(SET) (2] (Output).

Select the variable you want to graph, and then select a list for storage of the
calculation results.

Make V-Window settings.
Press (Fg)(CALC) to solve the system of first order equations for y1, y2, and so on.

P
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o0 000
Example 1 To graph the solution of first order differential equations with two
unknowns below.
v1)'=(2), (2) == (y1) + sinx,x0=0, (y1)o=1, (y2)o=0.1,-2=x =5, = 0.1.
Use the following V-Window settings.
Xmin=-3, Xmax=6, Xscale=1
Ymin=-2, Ymax=2, Yscale =1
Procedure
@ [ DIFF EQ © (F8)(SET) (2] (Output) EA(INIT)
@ FA(SYS) @ @ FEI(SEL)
@ [F(2) (Select (y1) and (y2) to graph)*2
@ BOn@ ESC
©@EJ(yn) @) () Gin) (87 B9 (suF) opnh) (V-Window)
® @k @
(EB]CE) (6) g
@O Dxe®
©® (F8)(SET) (@] (Param) (2] g
@ @@ @
B]EE) (EB]CE)
OO SR CER S @ [8(CALC)

' Parameler *2 LIt |@nd|drd |Uth | 5th |

Arange x - -
L
LR

I 18,1

min
max

INIT

SEL ILISTIFarmlIHITI Rl

Result Screen

H"'_'\

TRACEIZ0oMERTCHG-SLU] iF‘IE-Tl
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System of First Order Differential Equations

Example 2 To graph the solution of the system of first order differential equations

below.
1)’ =(2-02) (1)
(02)' =(2 (1) - 3) (v2)

xo=0,(y1)o=1,(y2)o=1/4,0sx =10, = 0.1.
Use the following V-Window settings.

Xmin=-1, Xmax=11, Xscale=1
Ymin=-1, Ymax = 8, Yscale =1
Procedure
@ [N DIFF EQ © ([F5(SET) (2] (Output) (F3) (INIT)
@ [F(SYS) @ @ [ED(SEL)
3 @) (Select (y1) and (y2) to graph.)

@ OEEEKNEDXE (")
EB)GS)

@ @ (FY(LIST) (1] [exg (Select LIST1

to store the values for x in LIST1)

@ [F2(LIST) (2] @9 (Select LIST2 to

% %g;y@’”% SlEl store the values for (y1) in LIST2)
7 ® [F3(LIST) @ @ (Select LIST3 to
® @Eg store the values for (y2) in LIST3)*2
ERJCT) ESC)
O=E@® ©@m (V-Window)
© E(SET) [ (Param) POEDDEO®E®
© @E ODEE @D
D0OEd @ ([F8)(CALC)
I ECER
“'[Farameter *2 izt |2rnd]3rd |Uth | Sth |
Ararnge x 1 . T -1 -
min =@ H 2
max =18
1d, 1 E*
THITI j SEL ILIZTIFarmIINIT] RCL

Result Screen

TRACEIZOMERTCHG-SLY

— ()

1T— 02
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B Further Analysis

To further analyze the result, we can graph the relation between (y1) and (y2).

Procedure
@ @@ STAT
@ List 1, List 2, and List 3 contain values
for x, (y1), and (yz), respectively. Lizt 1]List alList 3|List u
® [ED(GRPH) (B (Set) 2
@ [ED(GPH1) W o3l o.
® @E(xy) e : @
® @ FDLIST) @ EY (XLIST = LIST2: (1)) ERPHICALCITEE HINTRIDIETT & 1

@ @ FH(LIST)@) B9 (YLIST = LIST3: (y2))

ESC]

(F1)(GRPH) (3] (S-Gph1)

Result Screen
(v2)

— (1)
TRAcElZooMERTCHCALADerEl = |
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Important!

« This calculator may abort calculation part way through when an overflow occurs part way
through the calculation when calculated solutions cause the solution curve to extend into
a discontinuous region, when a calculated value is clearly false, etc.

* The following steps are recommended when the calculator aborts a calculation as
described above.

1. If you are able to determine beforehand the point where the solution curve overflows,
stop the calculation before the point is reached.

2. If you are able to determine beforehand the point where the solution curve extends into
a discontinuous region, stop the calculation before the point is reached.

3. In other cases, reduce the size of the calculation range and the value of & (step size)
and try again.

4. When you need to perform a calculation using a very wide calculation range, store
intermediate results in a list and perform a new calculation starting from step 3 using
the stored results as initial values. You can repeat this step multiple times, if necessary.

B SET UP Items

G-Mem {G-Mem 20}/{1 — 20} ...... Specifies a memory location {G-Mem No.} for storage of
the latest graph functions.

Note the following regarding SET UP screen settings whenever using the DIFF EQ Mode.

The DIFF EQ Mode temporarily stores data into Graph Memory whenever a differential
equation calculation is performed. Before the calculation, DIFF EQ stores the latest graph
functions into the currently specified Graph Memory (G-Mem) location. After the calculation,
it recalls the graph functions from the specified G-Mem location, without deleting the G-Mem
data. Because of this, you should specify the G-Mem location (number) where the DIFF EQ
Mode stores the graph functions.

P



