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Mathematical Education Using Mathematica

Hiroshi YUTANI *

ABSTRACT

We report our projects to educate mathematics and applied mathematics by making use
of Mathematica, which is a general computer software system, in our college of technology.
We single out major difficulties on applying Mathematica to mathematical education, and

present possible ways to resolve them.
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showminmax3D [f_,mpoints List]

2EBBM f(x,y) OEBE £, =F,=0 &
55 (z,y) DA b mpoints 252 3L, K
BB ENSORTHRERZFO>MESLEHEL,
FThH6ORESTRYRIUAT, HBOETH
Medm EOBARA, B/, BRAERRT5.
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11&, f(z,y) =cosz + cosy — cos(z + y)
OEELERERTLELOTHD. 20O
ML, i 0<z<m0<y<nm T,
5 (x/3,%/3), (x,7),(0,0),(0,7),(x,0) T
e=f=0%¢t&%.
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howminmax3D[ £, {{PL/3,PL1/3), {P1,PL}, (0,0}, {0, PL)},{PL,0}}]

Min-Max of f[x,y] = Cos[x] + Cos[y] - Cos[x + y]:

Pi Pi
At (x,¥)=(==,==)1
3 3

At (x,y)=(Pi,Pi):

At (x,¥)=(0,0):

@1

3.2

fxx = -Cos[x] + Cos[x + y] = =1
fyy = -Cos[y] + Cos[x + y] =
1

fxy = Cos[x + y] = =(=)
2

i PL 3

k| P
D=fxx*fyy-fxy 2= - > 0 ==> ( MAX : Ef==y==] = = }
4 33 2

fxx = -Cos[x] + Cos[x + y] = 2
fyy = -Cos[y] + Cos[x + y] = 2
fxy = Cos[x + y] = 1
De=fax*fyy-fxy~2= 3 > 0 w=> ( MIN : f[Pi,Pi] = -3 )
fxx = -Cos[x] + Cos[x + y] = 0
fyy = -Cos[y] + Cos[x + y] = 0
fxy = Cos(x + y] = 1
D=fxx*fyy-fxy*2= -1 < 0 ==> ( ROT MIN-MAX : £(0,0] = 1)
fxx = -Cos[x] + Cos[x + y] = =2
fyy = -Cos[y] + Co-[s +yl=0
fxy = Cos[x + y] = -1

At (x,y)=(0,Pi):

Defxx*fyy-fxy 2= -1 < 0 ==> ( NOT MIN-MAX : £[0,Pi] =1 )

fxx = -Cos[x] + Cos[x + y] = 0
fyy = -Cos[y] + Cos[x + y] =
fxy = Cos[x + y] = -1

At (x,y)=(Pi,0):

Defxx*fyy-fxy 2= -1 < 0 ==> ( HOT MIN-MAX : f(Pi,0) = 1)

) D

BE® f(z,y) = cosz + cosy — cos(z + y

2ERASDRT

showDoubleInt[{x,a_,b.},{y,ymin_,ymax_},f]
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3. 28, ﬂ%{gﬁ%;ﬁ@ﬁﬁtﬁnﬁbt?ﬂ taylorPlot [f_,center_,terms_]
” -2 b
?Ziggﬁf?iéiibtﬁ’ orwZ BI% £(x) & center, terms BEZ HNE Y
7 : B &, £f(x) @ center EHLEL T 274 7 —RE
Clear[f,ymin, ymax]; DO terms HOXEMNT 2. £, 20
£x_,y_] 1mb*Sqre [x]; B L f(x) DY 7 7 2ARKICRTT 3.
ymin[x_] :=-Sqrt[x-x*2]; H3iZeeDz=22h0¢T3545—R

ymax[x_]:= Sqrt[x-x*3]; BORYVD 4 HERDESDTH 3.
showDoubleInt [(x,0,1}, (y,ymin, ymax}, £]

Clear[f];
fx_]:= Exp[x];
taylorPlot[f,2,4]

x
Taylor Expansion of E around x = 2
(Eirst 4 terms)

2 2 2 3
2 2 E (-2 + x) E (-2 + x}
E + B =2 @) Himssmancsveen e e =
2 6
Y
150}
125¢
100
75
S0t
a5¢
2 1 ! i 3 4 5
-25
y Domain of Integration
'
Y = 5
Bpestd = & | MM e Dz=2%P0 ¢T3
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RAEMEEMALCHEL, EHOEREHED
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(-1£z<1 )

1
f(z):{o -2<£z< -1,
(1<z§2 )
B 2) RETCEROEMEREE2, OB
WTBRE 1 OEERTX.

COMEBF L LT, —FORBEF  EEE2IAY
ORyEBELTIE2—-FICEbDIAH, Mathematica
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< M >,

X -2,2) T ¢ =x TH3 B 40 MY ¢ DI—-YIGMERDL
R s " & td ameR

fERAE

Y 27U TER ) Erx RW)
P b6 75 0 tan

s; Foi~La>

() oLk

* < (2) MAONK > )
br=(1/2)*Integrate{x*Sin[n*Pi*x/2], {x,-2,2))
- (n Pi Cosln Pi} - Sip[n Pil)

o? Pi
bn /. {Sin[n*Pi)->0,Cos{n*Pi]->{~1)"n}

-4 D"
nr

¢ < (3) tixdslx} ®I37 > 9
Clear(t,s];
flx/; A<mx 4 Ji=x;

O REOBME *)
f‘ fx]NEX: Lcax<c L %
'*

fx /o= L)t [x-2); x>=L %
tix/ixe L)t {xs2]; (* x<4®
Ls2; [ WA 2L =4 *)
Plot[f(x], * tlx) D737 L]
ix,-3.5L,3.5L), (* x OWMA [-3.58,3.5.) *

PlotStyle->Thickness[.006]

(* Thickness; WDk bl

. te (/P10 . 4 -y »
sl é.’.’?trlu-ini'l’i}..;-sa..:..-m-xm. { AR, TRROER 3
L]

. in, 1, ten
3 3 s flx]D7—UIEK M
:W-:ﬁ?m E‘ t ; VJ7—'JI=.E| 03:} ‘g
Plot[(f[x],s3,810, * flx]& 2NI-UT nIe7*
otll [xl)](.—S.gL.S.SU. g‘ £l]0).i [4.1.3.&’ ')
PlotPoints->. * PlotPoints ; 70y F T EANIK *)

30,
PiotStyfe->{ Thickness(.002]
IThIckmu .004],RGBColor 0.1.0“.
Thickness[.004],RGBCalor (0,0, 1

] (* RGBColor : M (&, & W] )

) SinlPi x] s-'nia—;-i-il
4 sinfpy Snlid, 2,
Py

13 Pi x
« (sinfEl X - SinlPi sl | Sinl~7 1 sinlzpi «] ,

.5 Pi x . rl Pi x-
Sin7—=1 _sintapi ol , ST sinlapidl
5 ] 7 %

Sin[9 Fi |
Z Sin[5 Pi x])) /7 pi
— - (]

2
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(* < (4) fIx] &slx) @57 ; EBM[-1.2L,1.2L] > Y)

Plot[{f[x],s3,s10},
{x,1.2L,1.2L},
PlotPoints->30,
PlotStyle->{ Thickness[.002],
{Thickness{.004],RGBColor[0,1,0]},
{Thickness[.004],RGBColor{0,0,1]}

g
'
-

-2

* < (8) F=A—3x > %)

Needs["Graphics ™ Animation™");
Animate{
Plot[{f[x],s[x,il},
{x,-1.2L,1.2L},
PlotPoints->30,
PlotRange->{-2.5,2.5},
PlotStyle-> {Thickness[.006],
{Thickness[.004],RGBColor{0,0,1]},

14i1,10,1}
1

-1

-2

(* <(6) 4O EHh > *)
* {foyoK] *)
Plot[f[263*2Pi*t],{t,0,0.05},

PlotPoints->60, PlotStyle->Thickness[.004]
1

Play(f[263*2Pi*t],{t,0,0.5}]
2|
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Notebook AN L TCIa—R Wz 7 RERLTHE,
hEMAIEIOLEMRAELEDNS. YHOR
DB REFRHL LW,

Mathematica DV XA F AICEBLTVWIHEDPO
VEEE, BARBICDIED. RERRFNRARICE
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{18%  Mathematica T7OUSLVYZR b

(RkkkkkkkRkkkkkk  showminmax3D kkkkk Rk Rk Rk RkkK )

showminmax3D[f_,mpoints_List]):=

Module[ {},
h=2;
coxy =Transpose[mpoints]};
maxco=Map [Max,coxy]+h;
minco=Map([Min,coxy]-h;
co=Transpose{ {minco,maxco}];

showminmax3D[£f,mpoints,
{x,cof[(1,1}]),c0[[1,2)])},
{y,co[(2,1]],c0[{2,2]])}
]
showvminmax3D[f_,mpoints_List,{x,xmin_,xmax_},{y .ymin_,ymax_}]:=
Module{ {},

graph=Plot3D{f[x,y¥]),{x,xmin, xmax}, {y,ymin,ymax},
BoxRatios->{1,1,1},
AxesLabel->{"x","y","2"},
DisplayFunction->Identity
1;

edgeptxy={{xmin,ymin}, {xmax,ymin}, {xmin,ymax}, {xmax,ymax}};
edgeptxyz=Table[
Append{edgeptxy[[i]],
f[edgeptxy[([i,1]],edgeptxy[[i,2]] ]

’{i,l,Length[edgeptxy]}
1
mnptxyz=Table[
Append[mpoints{[i]],
f[ mpoints([[i,1]],mpoints[[i,2]] ]}
’{i,l,Length[mpoints]}
1;

extptxyz=Jdoin{[edgeptxyz, mnptxyz];
maxVariation=Max[extptxyz]-Min[extptxyz];

coord=Table (mnptxyz[[i]]+
{0,0,maxvVariation*0.01},
{i,1,Length[mpoints}]}

1:
points=Map[Point,coord];

fxx=D[£f(x,y¥],{x,2}1;
fyy=D(£(x,¥]1,{Y,2}]:
fxy=D[f{x,Yy).x,Y] ?
a4 =fxx*fyy-£fxy~2;

fders=Table[
{fxx, fyy,fxy,d} /.
{x->mpoints([[i,1]],y->mpoints[[i,2]]}
+{i,1,Length[mpoints ]}

mm={} ;

Do[{ch‘" "’
If[fders[[i,4]]==0,ch=" ==> ( Unable to Judge :"],
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If[N[fders[[i,4]]]}< O,ch=" < 0 ==> ( NOT MIN-MAX :"],
If{N{fders[{i,4]]]1> O && fders[[i,1}]>0,ch=" > 0 ==> (
If[{N[fders[[i,4]]]> O && fders([[i,1)]<O,ch=" > 0 ==> ( MAX :"],
mm=Append{mm,ch]},

{i,1,Length[mpoints]}

1;
Print["Min-Max of f[x,y] = ",£[(x,¥),":"]}?
Print[" "];
Do[{Print(" At (x,y)=(",mnptxyz{[i,1}},"," moptxyz[[i,2]]},"):",
" fxx = ",fxx," = ", fders[(i,1]]
]
P;int[" fyy = ", fyy,"” = ",fders[[i,2]]
]
Péint[" fxy = ",fxy,"” = ", fders[[i,3])
]
P;int[" "},
Print([" D=fxx*fyy-fxy~2= ",
fders[[i,4)].,
mm[{i]],
" f[ll,

mnptxyz[[i,1]],

maptxyz[[i,2]],
mnptxy;[[i,3]],
” )"

),

Print[" "]},
{i,1,Length(mpoints]}
13
Print([" "];

Show[graph,
Graphics3D{ {RGBColor{1,0,0],
PointsSize[0.02],
points

1.
DisplayFunction->$DisplayFunction

(FkEkRKRKEKK KKKk showDoublelnt  *kkkkkkkkdkkkkikx)

showDoubleInt[{x,a_,b_},{y .ymin_,ymax_}, £f_]:=

Module[ {h,domain, fun,object,projection,p,path},
h=0.2;
xi=Table[a+((b-a)/50)*i, {i,0,50}];
yminmin=Min{Map({ymin,xi]];
ymaxmax=Max[Map[ymax,xi]];
domain([x_,y_l:=(( a <= x
(ymin[x] <=y
)¢

fun[x_,y_J1:= £f[x,y] /; domain{x,y];

fun[x_,y_J:= 0 /; !domain([x,y};

object3D=Plot3D[fun(x,y], {x,a-h,b+h},
{Y,yminmin-h, ymaxmax+h},
AxesLabel->{"x","y","z"},
PlotPoints->20,

<= b ) &&
<= ymax[x])

Mesh->True,
PlotRange->All,
BoxRatios->{1,1,1},
DisplayFunction~>Identity
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lowerPoints=Transpose[{xi, Map[ymin,xi}}];
upperPoints=Transpose[ {Reverse[xi], Map[ymax,Reverse[xi]]}];

boundaryPoints=Join[lowerPoints,upperPoints,
{lowerPoints[[1l]]}

1:

projection=ListPlot[boundaryPoints,
PlotJoined->True,
AxesLabel->{"x","y"},
AspectRatio->1,
PlotStyle->{Thickness[0.01],
GrayLevel{[.5]},
DisplayFunction->Identity

17

p=a+0.3(b-a);
g=a+0.5(b-a);
epsx=(b-a)/10;
epsy=(ymaxmax-yminmin)/15;

path=Line[{{p,ymin[p]} {P,ymax[pP]}}];
Show[object3D,DisplayFunction->$DisplayFunction}];

Show[projection,
Graphics[{Thickness[0.01],RGBColor[0,0,1],path}]
Graphics[Text["Y =", ( q,ymin{q]+epsy},{-1,
Graphics|[Text[ymin[X], {q+epsx,ymin[q]+epsy} , {~
Graphics[Text["Y =", ({ q,ymax[q]+epsy}, {-
Graphics[Text{ymax[X], {q+epsx,ymax[q]+epsy} {-
PlotLabel->FontForm{ "Domain of Integration",

{"Bold",15}],
DisplayFunction->$DisplayFunction
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(Fkkkkok ok kK kkkok Kk taylorPlot  *¥kkkkkkkkxkkkk)

taylorPlot[f_,center_ ,terms_]:=

Module[ {expansion},
expansion=Normal [
Series(
f[x]),{x,center,terms-1})

17
Print["Taylor Expansion of ", f([x],
" around x = ", center];
Print["
(first ", terms,” terms)\n"
1;

Print([" " ,expansion,” \n"];

Plot[{f[x] ,expansion}, {x,-2,5)},
PlotStyle->{Thickness|[.005],
{Thickness[.005],
RGBColor(0,0,1]}

}
AxesLabel->{"x","y"}
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