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—

" (1+%>" e-—<1+%)n

10 259374 0.124539
50 269159 0026693
100 270481 ‘ 0.013467
150 2.70928 ‘ 0.009005
200 271152 | 0.006763
250 2.71287 | 0.005415
300 9271377 \ 0.004515
350 071441 0.003872
400 9.71489 | 0.003389
450 2.71527 \ 0.003013
500 271557 0002712
1000 271692 L 0.001360

10000 2.71815 \ 0.000140
100000 9.71826 | 0.000020
1000000|  2.71828 | 0.000000 B

< %31 >

« 7] e 2718282 At

3t lim(l ~—1—) = go| &
w0 n

(14L)3 (1-4) o e we @Ee 2 AW S E
3-2¢1 vhe Tt




1+5) (1)
2.59374 2.86797
2.69159 2.74597
2.70481 2.7132
2.70928 2.7274
2.71152 2712511
2.71287 2.72374
2.71377 2.712283
2.71441 2.72218
2.71489 2.72169
2.711527 2.72131
2.71557 2.72101
2.71692 2.71964
2.71760 2.71896
2.71801 2.71855
2.71815 2.71842

<E 3-2>
Vst (1-L) 7ol ezl FusmE A wEE 2 F Ao
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< i3 33>

2 3 2 3
x ., ex’ x Xt | x
T 51 > &5 1+x+j+§~
o] AT oA FAHE A% W
2 3 n+l 2 3 n+1
X X o ex x XX X
1+x+57 37+ +(n+1)! >y l4xtgr gt +(n+1)!
ol 4gsta oArleltt x=10lg ¥ow
1 1,1 ... 1 ___ e
e s YR S e TR T e L C R DY
b Hol poood W dstE 2AHE deTh
s T no 7ol wel ed o]l %A WHIEH=AE HoAAFT
=
n Zn L (1+~L>n
= k! n
1 2.0 2.0
2 25 2.25
3 2.66667 2.37037
4 2.70833 2.44141
5 2.71667 2.48832
6 2.71806 252163
7 2.71825 2.5465
g 8 271828 256578
. 9 2.71828 258117
g 10 2.71828 259374

_.11_




Tt
=]
~ b - i
s Ax)=x'9 AFTSF gw)= FERE R4 eE FolE F

po] A4 xofl thahed P<b’d u, b=eo°l
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N
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o
K
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1o
o

(o

X9 y'el BAALZRH ﬂﬁ=x%}gu%=H%(Km£ML?ﬂﬂ

= 3 o
_]A,_.

A pel e WEA7IRA aRE 509 bgkel tisl & FAdL T

glix 1:=x"b;
g2[x ]:=b"x;
Plot[ {g1lxl/. b->2.5,g2[x1/. b->2.5},{x,2,3.4},
plotStyle->{GrayLevel[0] ,Dashing [{0.01}1}
,PlotLabel->"b=2.5", Frame->True, plotRange->{0,25}]

b=2.5

25
20
15

10

2 2.2 2.4 2.6 2.8 3 3.2 3.4
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i

30

1.92(x)/. b->2.71} ,{x,1,4},
yLevel(0),Dashing({0.01})}
5 71" Frame-)True,PlotRange->{0,30})

b=2.71

25

20

15

10

Plot( {g1(x}/. b

35

2.8 g2(x)/. b-)2.8},{x,0.4},
PlotStyle-){GrayLevel(0) Dashing({0.01}]}
PlotLabel-)"b=2.8", Erame-)True,PlotRange-){0,35})

b=2.8

—
30

25
20
15
10

b} zkol 2.7 747t

W) =xt—be st 2.5<5<2.8% ol W3 Wx)e 1A=ZE 1

dud o3 2o

< " 3-1 >

g4% ¥ F49
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hix ]:=gllx]-g2[x];
Plot[h[x]/.b->2.5,{x,2,3},PlotRange->{-1,1},
PlotLabel->"b=2.5", AxesLabel->{"x",s u

b=2.5 Frame->Truel
1

0.75
0.5
0.25
0 x
-0.25
-0.5
-0.75
-1

2 2.2 2.4 2.6 2.8 3
hix 1:=gllx]-g2[x];
Plot [h[x]/.b->2.71,{x,2,3},PlotRange->{-1,1
PlotLabel->"b=2.71", AxesLabel->{"x"," "

b=2.71 Frame->True]
1

0.75
0.5
0.25
0 b
-0.25
-0.5
-0.75
-1

2 2.2 2.4 2.6 2.8 3

hix_]:=g1lx]-g2[x];
Plot[h[x]/.b—>2.8,{x,2,3},PlotRange->{—1,1%,
PlotLabel->"b=2.8", AxesLabel->{"x"," "
b=2.8 , Frame->True]

4

0.5
0.25

-0.25
-0.5
-0.75
-1

< 1y 3-2 >

-14_

%
é




23 3-29F 19 3-3& REH b7F 2719 HtE W A(x) =02 1749

g zvam b7t 2704 BARFE M) =0& F N NE e d2g

adng Wx)=x"—b% x=e¢ F b=ed W 1749 T& 7ML

% %+ Yt

hix 1:=g1lx]-g2[x]; ->{-0.001,0.001},
Plot[h[x]/.b->2.718,{x,2,3},PlotRange
PlotLabel->"b=2.718", AxesLabel->{"x"," "}

b=2.718 , Frame->True]

0.001
0.00075
0.0005
0.00025
0 X
-0.00025
-0.0005
-0.00075
-0.001

<14 33>

a7 9o 29 318 R® x#h A xol BE 1o HE bol T
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Iim
x>0
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S R E R PR A

_ T 5 Hax+1
D=0 8217

o aPgEZE 2HREY g3 pr}

£lx 1:=(7 x™4+5 x"2 +4 x+1)/(x"4 +8 x"2 -17);
Plot [£[x],{x,-50,50},AxesLabel->{"x","y"},
Frame->True, PlotRange->All]

Y

10

— L —

-10}

-201

-30}

-40

-501

-60}

-40 -20 0 20 40

1501}

1001}

501}

_17_




oe] 13 4-19 o}lAF YL x9 WHE -10914 1002 A& W

s goood W Txt 4520 Hdx+13 ' +8x° 179 e vmE nA

4 2 4 2 4 2
x | T 45 +dx+1 822 —17 (Tx" +5x" +4x+ 1)/ 842 —17)

50 | 4.37627 %10 6.26998 % 10° | 6.97972

100 | 7.0005 x 10° 1.0008 x 10° 6.99491

150 | 3.54386 %10 5.0643 x 10° 6.99774

200 | 1.12002 %10 1.60032 % 10° 6.99873

950 | 273441 %10 | 3.90675% 10° | 6.99918

300 | 567005%10° | 8.10072%10° | 6.99943

500 | 437501% 10" | 6.2502% 10" 6.9998

1000 7.00001 x 10* 1.00001 X 10* 6.99995 |

< % 4-1 >

X9 ol AW AFE F FF vige 7 SIS € F7F 3
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A olsistA 2 Aot
&9 ¥4-2% a9 sinx® @S AMEAM UYEd Aot

X

29 4-ge S 2o mopolct

sin x /x

N x sinx _sinx -
X
0.05 0.0499792 0.999583
0.045 0.0449848 0.999663
0.04 0.0399893 0.999733
0.035 0.0349929 0.99979%
0.03 0.0299955 0.999850
0.025 0.0249974 0.99989%6
0.02 0.0199987 0.999933
0.015 0.0149994 0.999963
0.01 0.00999983 0.999983
0.005 0.00499998 0.999996
<E 42>

Plot[ Sinlx]/x, {x, -10, 10} ,AXESLabel—>{“x“ )" n}’
PlotLabel->"gin[x]/x",Frame->True]

-10




< EA4-2> ¢ < a9 4-2 >5 FMA x7F 00 JbE W

sinxxx2tE BANES & F QD o ALEFE LmSRE = ojge
p

guie (5 2AgezA Lo o)) x—0d W 2% sinzsl FR&E

7} 23 sinxE 22 ZAEIA & Jdue AMES A 89 (Fan

=583 A A E Taylor series® GFA 1 &)

net FAdos SBLo) gre mAs vW e 2

(sin0.1)/0.1

(sin0.01)/0.01

(sin 0.001)/0.001

(sin 0.0001)/0.0001

(sin 0.00001)/0.00001

(sin 0.000001)/0.000001

('sin 0.0000001)/0.0000001

(sin 0.00000001)/0.00000001

('sin 0.000000001)/0.000000001
('sin 0.0000000001)/0.0000000001

( sin 0.00000000001)/0.00000000001
( sin 0.000000000001)/0.000000000001

0.998334166468281523068141984. . .
0.999983333416666468254243826. . .
0.999999833333341666666468253. . .
0.999999998333333334166666666. . .
0.999999999983333333333416666. . .
0.999999999999833333333333341. ..
0.999999999999998333333333333. . .
0.999999999999999983333333333. . .
0.999999999999999999833333333. . .
0.999999999999999999998333333. . .
0.999999999999999999999983333. . .
0.999999999999999999999999833. . .

I T | R T |

< i 4-3 >
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5, g Zo) o3 =3kl A

o1olo] A% xo A f'(x)=cosxE T A

f(x)= sinx¥
oz Auwa Ao o)

Fleth) =) _ fim sin(x+£z)—sinx

f(x)-—:lhlr% h h 0

SINX 104 o] &3t

7} F1 ol Ao 2HE sined| 7 3 A 3 lir%
A kel grel WFel wet (F h0d W)

sin(atA=Sing g gope) cosxe) RO WeE HAE FALA
D,(f () = LEHB=LE 2 e,

n=0.1,0.01, 0.0012 @ 0=<x<4rxd el
_sin(x+/) —sinx AEH) ZSINE o wrg vepd 2= hge) 13

D,(sinx) =

5-1, 5-29 FoiA Ak

_21_




f[x_l=Sin[x];

d[x_,h_]:(Sin[x+h]—Sin[x])/h;

plot [{Cos[x],d[x,0.11},{x,0,4 Pi},
AxesLabel->{nx" ," "},
PlotStyle->{GrayLevel[0],Dashing[{0.01}]},

PlotLabel->"h=0.1",Frame->Truel

h=0.1

Plot({Cos(x).d(x,0.01)} {x,0,4 Pi},
AxeslLabel-){"x" " "} PlotStyle-){GrayLevel(0],
PlotLabel->"h=0.01",Frame->True)  Dashing({0.01})},

h=0.01
1
0.5}

0 x
-0.5
-1
0 2 4 6 8 10 12
3
< Y 51 >
_22_




e

0

IA

x<272) HHAM f(x) =cosxd ZAZ} h=(.001% w
-1

Dh(sinx)Ql O EE = 529 A = A o ElRnks ] o] = agEe= 7
g 2RBL T 5 YT o2A Ax)=sinxoln ~—02 o

m Lt

h) —f(x , - .
im 7 £() =f(x)=cosxdS TWZAHoE HHEE & gt}

Plot[{Cos[x],d[x,O.QO1]},{x,0,4 Pi},
AxeslLabel-){"x" )" "},
PlotLabel-Y"cos(x),(sin{x+h)-sin(x))/h,h=0.001",
PlotStyle-) {GrayLevel(0),GrayLevel(.5]} ,Frame-)True]

cos[x], [sin[x+h]l-sin[x]1]/h,h=0.001

< ¥ 5-2 >
nol grol wak xel ERFAAN £ (%) — Dy(f(x)) = cosx—D,(sinx)
o] zx& Alatsl B AL

_23._




o] 7] A ngow A A

h cosx D (sinx) 27 = cosx—D,(sinx) |
0.1 05 0455902 | 0.0440081
0.01 05 0495662 | 0.00433842
0.001 05 0.499567 ; 0.000433096
< % 52>

oo ® 5222 hut 0ol SMAEFE 23 f(0)—D,(f(x)e] 3k

Fotd e & F glon ol AdEREH ()9 &E A7t
2

SANZ & oltE e BANI T EEEE

mA g f(x)=2x —9x? +12x8 AHEAL

F(x)=6x"—18x+12
F(x)=12x—18
284, (e

T TR EE5e T

e




flx 1] =2x"3-9x"2+12x;

Plot [{£[x],£' [x],£' " [x]},{x,-2,8},

PlotStyle->{GrayLevel[0],GrayLevell.5],Dashing[{0.02}1},
Frame->True]

100} A x)

751 -

50} PR M C)

2514

=251 -

-501%

-75

< 1% 53>
tee x4 A¢EA f(x)=xsin’x?] dE FurA
#(x) = 2xcos xsinx + sin *x

F'(x) =2xcos 2y 44 cos xsin x —2xsin “x

7" (x)="6cos 2y —8xcosxsinx—6sin “x

olmz EA o]F Wl el $4E 1RY <Y 5-4>A4 AT ¥
o) Zzte] B afzZAeR Sdd 2 F U
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(sin[x]) "2w,

flx_l:=x (Sin[x])"2;
Plot[ £[x],{x,-2 Pi ,2 Pi},PlotLabel->"x
PlotRange->{-10,10}, Frame->True]

x {(Sin[x]) "2
10
7.51
5L
2.5
0
-2.5
_5 L
-7.51
-10 . , . ) . .
6 -4 -2 0 2 4 6
Plot({ f(x),f (x),f""(x),f " (x)}.{x,-2 Pi ,2 Pi},
PlotStyle-){ GrayLevel(0], GrayLevel(0.2], GrayLevel(0.4],
GraylLevel(.6])},Frame->True]
- . ‘ . 4 =
201 ff/\‘x () f’j L
/ A
a
101 /\\ /
0
-10}
—l6 _‘4 —‘2 0 2 4 6
<A™ 5 -4>
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<Abstract>

EXPERIMENTAL MATHEMATICS
APPROACHES ON LIMITS AND DERIVATIVES

Yang, Chang-Kil

Mathematics Education Major

Graduate School of Education, Cheju National University
Cheju, Korea

Supervised by Professor Kim, Chul-Soo

This paper deals with experimental mathematics applying new approaches

for investigation and observation on limits and derivatives of high school
mathematics curriculum. Chapter 2 presents the concept of experimental
mathematics and mathematics lab required for experimental mathematics.
Chapter 3 extends the concept of irrational number e through investigation
and observation. Chapter 4 and 5 study the content and the progress by

investigating and analyzing the graphs of limits and derivatives.

A thesis submitted to the Committee of the Graduate School of Education. Cheju
National University in Partial fulfilment of the requirements for the degree of Master of

Education in August ,1996.
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