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goooboooboobuoobboobobobobbooboobooboobooboboo
goooboobooboobooboobobobooboobooboobobbon
goooboobooboboobbooboobobboobboobooboobooon
gboooboobooboobobooboboobooboobobooboobonoo
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gboboooobooboobooooo
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bobobooboobobooboboobobooboobooboobobonogaon
ugobobooobbooobbooobobbooobbooobbboooobboodn
gbodgbooboobooboobobbobooboobobooboooooboboo
gb1o0200000000000000000O0OO0O0OOODOODOODOODOOO0OO
OO0DO00ooOobOoob MapleOOODOOOOODOOOODOODODOOODODOO
oo

gobogboboogoboboooboobboooooboobooooboobooooboon
bobooobooboooboooboooobooobooboboboobooo

3r—x=3
0000000000 0000 3zx03x:0000000000000030 200 x

goooo 3DDDDDDDDDDDDDDDDDDDDDDD3%—%:3DDDDDD
obobooooobooooooooogoo

3r—x =2x
O00oodooboooooooooboooooooooooooooooooooooao
Oo00oo0ooooooooooooooooooooooooooooooooobooo
Oo0o0oooooooooao

r=x+1
OD00o0odooooooooooodoooooooooooooooooooonoa

gooobobooooboboboooobogobobooboobooooboboboo
1



2 goooooooooobooo

ggboobooobbooobobooobobooooooboooobooooobooooobombooboo
goboboooooobbobooboobobooooboboooobobuobboobog

oboob0obOobooboobobooobUoboboboobUuboO MaplebODooo
googoobooboooboobon

a=3b=200003a+4b0 00 0O00OOOOO0O
000000 MapleOOOOOooooon
> a:=3;
b:=2;
3*a+4xDb;

oooooobooooooooooooo="000000000O000OODOODO0OO
gboobooboooobo

> restart;
a=3;
b=2;
3*a+4xDb;
a=3
b=2
3a + 4b

obobobobobobOobobobtbbbe=30b=2000000000000
O0000,b0D0000D0DOOO00O00DODO0O0OOOOOrestart0000O0 @,6000
O00000000000000 (restart) 0000000000 MapleDOOOODODO
gboobooobooobooobbooboobboobooobboobooonoobooon

a0 3002000000003 *xa+4+xb0 000000000

booooboooboobboboobuoobooboboboboboobooboon
ugoog
good

Jr—x=300000000 20000000

3xr—2x=302000000000 (solve)d
gggoooon

> solve(3*x-x=3,x);

3

2
OO0 MapleOODOOODOODOOOODOODOOOOOODOOOOOODO

(r—2)2000 (expand) 000
000

22 —3x+200000 (factor) 00O
0oooooo
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> expand ((x-2)72);
22 —4dx+4
> factor(x"2-3*x+2);
(x—1)(z—2)
O000000000000000 (normal) O

> normal(1/a+1/b);
b+a
ab

googd
ogooog

axr+br—cO0O00000O00DOO0O
ooooooooooon

ax+br—c0 2000000000 (collect)d
goooooo

> collect (a*x+b*x-c,x);

(a+b)x—c

ugoooooboooobooo

y=4r+300000000
ugd

> plot (4*x+3,x);

1
10

oooo
000000000000 (diff)000 (int) O

> diff (4*x+3,x);

> int (4%x+3,x%);
222 + 3z
0000000000000 D00000000 (eq2OOUODOOODODO



4 0000000000O0o0O0
> eq2:=int (4*x+3,x) ;
eq2 = 22° + 3z

gooooooooo
> solve(eq2=0,x);

0,~3

ugboogooog
goooboobobooooboboboboooooobobo20b000OooOoDo
boobboboboobbobobobobooboboobooboobooboooooboon
bogboobobbooboobuoobuoobuobobboobooboobooobon
booboboooboobooboboobuooboboboboboobooobobo
ubodgbuoobooboogoobuoobooooboobuoobuooboobooban
goooboboboooogooboooobobobooooboboboboobouno
oooooopboobboooboobbo0oooooDOoOnD MapleDDOOOOOODO

. Uboobbooboobbooboobbooboobobooon

gbobooboboboobooboboobobooboooooobobooboon
gboooboopboboobobobooboboobboboobooboobobooboon
obooobooobobobooboboobooobobooboooboobboboooooboo
boooboobooooobobooboobobbobooboobooboboon
uboboooooboobooooobooobooobboooboboooboboooobooon
boooboobobobbooobooboobbobooboobooboooboboaon
booobooooobooboooboobooboobobobobooboobooooboon
gboobooboobooobooobooooboobooboboobooobooonboon
gbobooboobooouooboobobbobooboobooboboooboobo
gboooboobobooboobobooboboobooboobobbooboboo

ubboobuoobbooboobo

3.1. 00. 000000obobobobobooboobooboboooboooobogoon
ugboooboobon

2h3 1

* exp (7) — 1
O000AODODODODOODc0D0D0D00AKDDODDODOODOOvOOODOOTOOOOO
00000000000 A000O0O0O0O0000000dQO000000(v+dv)000
0000 I(y,T)AdvdQ O DDODOOODODODDDO0DO00000000000000000

gobogboboooboboboooboboboboooobobooboooboobooboDbo
obooooboobooboooonb

(1) I(v,T) =

(&

(2) j:aT4
00000000000 000000000000 MapledOOGOGOO
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32.000000.0D00DOODODODODODO

C2h [ [ (3 v3 .
(3) j= 2/ / / ————— cos(¢) sin(¢)dvdhde
Jo Jo Jo exp() -1
000000060 00000000 O0DODOOODOOODODOOODOOO AODOO
27 =
(4) / /2 A cos(¢) sin(¢)dOde = A
0 0
yogodooooobon
. 2wh [ v3
(5) =
¢t Jo exp () —1
0000000 v=2%lp0000000dv=4dz00000
2rkATt [0 3
6 =0 4
(6) TR /0 exp(z) — 1"
gooooooon
00 3 4
(7) / T da=
o exp(z)—1 15
ogooon
(8) j = ol
2 ok
) 7 T 15w
ooooo 20

33. 000D OMapleDO0ODOOO. OODOOD0OOODDOODOODOODO Maple O
0000000000000 d00 s00O0OO0OOOO0DO0OO0DO0OO0OOODOOOOOO
0000000000 000o0oo0b000o0oooooooooooOooon
> restart;
nu:=x*xk*xT/h;
cdx:=diff (nu,x);

_ xkT

" h

kT

h
D0000000000000000000000000000257°000 coeff00
O0:x0300000000000000000O0000O00O0

> cl:=A2*x"3/(exp(x)-1);
coeff(cl1,x73);

|78

cdx =

A28
" oexp(w) -1
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Error, unable to compute coeff
O00000000o0oOoOOC0O0ObO A20000000

> coeff(cl*x(exp(x)-1),x73);

A2
34.000.00000D000DODODOOOOOODOODOOOO
> restart;
eql:=int (int (A*xsin(phi)*cos(phi) ,phi=0..Pi/2) ,theta=0..2%Pi);

eql == Am
00000DOO000O0O00DOO00O PlanckOOOOOOODOO
> eq2:=2%hx*nu~3/c"~2/ (exp (h*nu/k/T)-1)*Pi;
2 hvin

¢ (exp (1) — 1)

eq2 =

gbobooooboogoog

> nu:=x*kx*T/h;
dx:=diff (nu,x);

kT
V.=:47;*
kT
dx =7
Ubobooobideq20
> eq2x*dx;
203 KAT 4

h3c2(exp(z) — 1)
ooooboooooboOoOobooOooooOooDoOooOobOoOooDoOooDoOooOoag
OO0 MapleOOOOOODOOODOOOOO

> eq2*dx* (exp(x)-1);
223k T4
h3¢?
OO000O0o0bOoOO0Oooood
> cl:=coeff (eq2*dx*(exp(x)-1),x73);

2k T
cl i = ———
h3¢2
goooooooooooood
> eq3:=eq2#*dx/cl;
3
x
3i=—
“ exp(z) — 1

ggooogoon
> eqg4:=int(eq3,x=0..infinity)*cl;
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ubboobuoobbooboobbodob oo bOo0obbOOo0ObOoObbOO

> h:=6.6261%10"(-34);
k:=1.3807*10"(-23);
€:=2.9979%10"8;
evalf (coeff(eq4,T"4));

h = 6.626100000 1034
k = 1.380700000 10~23
¢ = 2.997900000 108

5.671228656 108
000000000000 00000000000000

Jo . 00. 0000020000000 00000DLOOO0OOODLOOOOOOOOOO
uboooboooboooobooboooobooboob sbobboboboobooboo
ubogbooooboooboobuooboobuoobobooobooboboobon
W8WOooOeOoOOoOoOOobOOobOOOOOOOOODOODbOOOsAI0bO30b0b0000bO00Dn
gbodgbuogbgoobobboboobooboboobooboobooboan
gboobodbuobgobobbooboobooboobobooboobobooo
ubodgbooboboobooboobobooboobobboboobuoobob
goobooboogboooobooboooboobooobooboib20b00boobooOoooboo
boobooboobooooooooooooooooooooooboobobooboooboonDog
gobooboogbobooobooooboobooboobobooboooooboon
gboooooboooooooobobooobooboboobooobooboboooooboooobooDo
gooobooobooooboboboooobooboboboboboboobobob
googobobooboobobooooboobooooboboooobobooobooDboo
gobooboobbooboobbooboobbooboobboobooobo

4. DO00OO0O0OO0OOO0OOObOObOOOOO0O0on

OO0O000OOoO0oO00oDOoO0ooO0oDOo0oOo0bOOMapledDOOOOOOODOOOO
ugbbouodboobboobooboobboobooboooboobooboobo
ugoo

4.1. 00. Figure 100000000000 O0O0OOODOOODOOOODOODODODOO
gboooooboooobobooooooboobobobobooboooosbooooonoo
ugoodg

gboboboodgbood

b
c+ (t—d)?

000000000000000a=(a,b,ed000000¢t000000000000
00000000000000 go+ 0gy = (ag + da1, by + 8by, co + dcr, do + 6dy) 000 O

(10) f(t;a) =a+
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100
60
20

50 100 150 200 25C

Ficure 1. 0000000000000 O0O0O0OO0OOOOOO0OOO

000000 f000000000 go = (ag,bo,co,do) 000000000000000
00oo0ooooo

(11)  of = f(t;go+ dg1) — f(t:80)

0 0 0 0
= <8af> . (5(11 + <8bf> . 5[)1 + <3Cf> i (561 + (Mf) . 5d1

0000000000000000000 a000000000000000000C
t=1,2,...,80000000000 fi,f,...,./s00000000000000000
00000000000 6f1,6f,....0fs00000000000000

5f1 day

df2 5b
(12) =7 501

5fs ody

obooboobooJOobooooooogoooogooogo 400D

(B GNy G (G
(13) J = (%Dt:Q (%f.)t:2 (%Dt:2 (%Jf)t:2
(7 ies (s (Geh)ims (Faf)i=s
0000000000 fO0DO0DODOO0O0OOODOODOODOODOOOOOtODOODOODO0
Oo00o0ooooooooooooooooooo JYooooo

(14) Tl =TT
uoooooboobobobodoooooon
das 6f1
by | _ vyt | OF2
(15) G | =TT
ddy 5fs

000000000 (Sag,8bs, dca,ddz) O (Sar,8by,6c1,6d,) 0000000000000
00000000000 00000000000000000000000000000
0000000000000000000000000000000000000000
00000000000 00000000000000000000000000000
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gbobooboooooooooooboooobooobooobooobooooooobonog
oon

42. Maple 00000 0000. OOO00O0OO0O0DOOO0OO0O00ODODOOO LinearAl-
gebraO OO OOOOOO

> restart;
with(plots):
with(LinearAlgebra) :

goopooooooooooooooooogogoo
> f:=t->a+b/(c+(t-d)"2);

b
c+ (t—d)?

0000000 (subs)DOOOODOOOOOOOOOTOOODOODOO

f=t—a+

> ndata:=8:
f1:=t->subs({a=1,b=10,c=1,d=4},f(t));
T:=[seq(f1(i),i=1..ndata)];

fl:=t—subs({a=1,b=10,c =1,d =4}, f(¢))

27
T:=12,3,6,11,6,3,2, —
P A 777717
000 (gl=guess) 0000000000000 OOOOOOOOOOOOOOOOOO

ugbobooooo

> 11:=1istplot(T,connect=false):
gl:=Vector([1,8,1,4.5]):
guessl:={a=g1[1],b=g1[2],c=g1[3],d=g1[4]};
pl:=plot(subs(guessl,f(x)),x=1..ndata):
display(1l1,pl);

guessl :=={a=1,b=8,c=1,d =4.5}




10 goooooooooobooo

43. Maple 0 00000. DOO0OOOO0ODOOOOOOODOOOOOODOODOD

> dfda:=unapply(diff (f(x),a),x);
dfdb:=unapply (diff (£ (x),b),x);
dfdc:=unapply(diff (f(x),c),x);
dfdd:=unapply(diff (f(x),d),x);

dfda = z—1
1
dfdb = x — @ _d?
b
dfde := x—e-—zgqugtjgyﬁa
dfdd = b(—2z + 2d)

(c+ (z—d)?)?

oono f(i)DD[lDD T[i]DDDDDDDDD afoooooodg
> df:=Vector([seq(subs(guess1,T[i]-f(i)),i=1..ndata)]);

0.39623
0.89655
2.53846
3.60000
df = —1.40000
—0.46154
—0.10345
—0.01554

for-loop0 0 000D0OOOOOOOOOODOO

> Jac:=Matrix(ndata,4):
for i from 1 to ndata do
Jac[i,1] :=subs(guessl,dfda(i));
Jac[i,2] :=subs(guessl,dfdb(i));
Jac[i,3] :=subs(guessl,dfdc(i));
Jac[i,4] :=subs(guessl,dfdd(i));
end do:

gboboobobooboobbooboobobooobooboo

> interface(displayprecision = 3):
Jac;

1.000 0.075 -0.046 —-0.319
1.000 0.138 —-0.152 —-0.761
1.000 0.308 —0.757 —2.272
1.000 0.800 —-5.120 —5.120
1.000 0.800 —5.120  5.120
1.000 0.308 —0.757  2.272
1.000 0.138 -0.152  0.761
1.000 0.075 —0.046  0.319




0000000 MAPLEOOOODOOO 11

J-looooo
> InvJac:=(MatrixInverse(Transpose(Jac).Jac)) .Transpose(Jac);
0.565  0.249 —-0.354 0.040 0.040 —0.354 0.249  0.565
—2.954 —0.506 4.012 —0.552 —0.552  4.012 —0.506 —2.954
—-0.352 —0.029  0.557 —0.176 —0.176  0.557 —0.029 —0.352
—0.005 —-0.012 —0.035 —0.080 0.080  0.035 0.012  0.005

J-l00D000o0D0d4d4000000000
> dg:=InvJac.df;

—0.235
5.592
dg 0.613
—0.520
00000000000000000 (guess) 000000000000

> gl:=gl+dg:
guessl:={a=g1[1],b=g1[2],c=g1[3],d=g1[4]1};
pl:=plot(subs(guessi,f(x)),x=1..ndata):
display(1l1,pl);
guessl := {a = 0.765,b = 13.592, ¢ = 1.613,d = 3.980}

uboooboobooboboobooboobbobooboobooooboooboooboo
OooO0dghooOoOoooOoOoOooooboooboobooo4000obboOooobooboOog
ubbooooobooobbooboobbodo

guessl := {a = 1.006,b = 9.926, c = .989,d = 4.000}

gbooboooooooboooooooooooooooooooboobooobobOobon
O0ooDoO0odbodd MapleDOOOOoooooOoooobDOoOooobDOobODOOO
gboogboobobooooboobooooboboooobobooooboobooooDo

oood
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5. obO0obOooOOooboooobooboooon
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O000O0cCcO00 FORTRANODOOOOOOODOOOOOOOODOODOOOOO
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boboooooboobobobooboooobobooooobobooboobogoon
gboooboboooboobooboboobooboobobooobooboooobobooan
booobooboobooooooboooboobobboboooboobooooboonboo
booobooobooboboobooboobobbobobooboobboboooban
gboboobuoobobooboobboobooooboobbooboomobooonoo
gboboooboomobooooboobooobobooboboobooooobooDooon
0000000000000 00000000O0O000mMOoOO0OO0 BDUUOoooo
gobooboobooboooooboooooboboooboboboobobooooboboonoo
gbooobooboooboooboobooboobooboobobbobboban
gobooboboooboooboobooobooboboooooboooooobobooooDo
gbobogobooboobboobuooboooboobboobobuooboab
gboboboobuoobobobouoboboobuooboboobobobobooboo
oooooooooooobbooooooooooboobboOooooon Maple OO
oooobooooboooouoooonoobooouobooooOMapleDgonooOog
OoooobbooooooboooobobooooboboDboO0 MapleODOODOOOO
0000000000000 Oo00o00O0U0000UD 4o0oooUooUoooo
gobogoooboboooooboooobooboboooboobooooboboobono
gooobobooooooooooboooooboooooooooooobobooboo
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gooobobooboboboooobooooboobobooooboboooooboboboo
gooobooboobobooboobooobooboobooboobooboon
gooobooboobobobooboobooboobobobobobooboon
god
gbobobooboobboboboobuooboboobooboboobooo
gbooboobooboboboboobobbobobooboobobobobbooboon
gooobooooboobobooboobooboooooobbobooboon
0000000000000 o0O0ooOoO poo0b0bo0o0oOo0ooOOoUooooo
gbooboobooboobooobuoboobobboobooboobooboobooobooon
gboooboooboobooboobpoobooboboboobooboboobooboon
ubooobooboboobooboobobboboooboooobobooboobon
gboopoooobooboooboboobobobooboboooboboooooon
OO00O0O0DOO00CO00OO0DO0O0DOO000CODODO0OD MapleDODOODOODOO
(0000000000000 0000O000COO0000ODLOO0D0DOOOO0Oo
ubooobooboooboobooboobooboboboboboobooboboobooobooan
ubooboooobobobobooboooboooboobobooboobooooboon
ubbooboobooboboobooobooooboon
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