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In [13]: from sympy import *
X,y = symbols('x y')

fx = diff(x**2-y**2,x)
fx

Out[13]: 2*x
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In [18]:

In [6]:

Out[6]:

In [19]:

In [21]:
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fxx = diff(fx,x)
fxy = diff(fx,y)
print(fxx, ',', fxy)

2,0

fy = diff(x**2-y**2,y)
fy

2%y

fyx = diff(fy,x)

fyy = diff(fy,y)
print(fyx, ',', fyy)

0o, -2
D = fxy**2 - fxx*fyy
print (D)
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In [11]: %matplotlib notebook In [33]: # kernel->Restart
from mpl_toolkits.mplot3d import Axes3D from sympy import *
import matplotlib.pyplot as plt init session()

import numpy as np
IPython console for SymPy 1.0 (Python 3.6.1-64-bit) (ground types:
def f(x,y): python)
return X**2-y**2 #4rx+2*y-6*x*y
These commands were executed:
x = np.arange(-3, 3, 0.25) >>> from _ future_ import division
y = np.arange(-3, 3, 0.25) >>> from sympy import *
X, Y = np.meshgrid(x, y) >>> x, y, z, t = symbols('xy z t')
z1 = f£(X,Y) >>> k, m, n = symbols('k m n', integer=True)
>>> f, g, h = symbols('f g h', cls=Function)
fig = plt.figure() >>> init_printing()
plot3d = Axes3D(fig)
plot3d.plot surface(X,Y,z1) Documentation can be found at http://docs.sympy.org/1.0/

plt.show() In [38]: integrate(sin(x)*sin(2*x), x)

Out[38]: —%sin (x) cos (2x) + %sin (2x) cos (x)

In [39]: %matplotlib inline

x = Symbol('x")
plot(sin(x)*sin(2*x), (x, -pi, pi))

E 08 1
06
041
2
T 1 :
-0.2 X
DINETH 5 Z ENBRTE S, plotddic & > TIRTRRT B, BOKSBREERD, BETHRN 4
TENHRTES. ThbsL, hxOMENE, fyyOHMEIFETHD, 2AMICE > THERIE VS =061
(saddle point) & 725, -0.8 -
Out[39]: <sympy.plotting.plot.Plot at 0x114866ba8>
—
(7 Jlﬁﬁ) In [40]: integrate(sin(x)*sin(2*x), (x, -pi, pi))
B (x) = sin(x) sin(2x) DAREBE N Z KD K. f(X)%Zx = —x.. 27OV ML, TOXETOENE out[40]: 0

ERHEK HERICOWTIXY ML (155)
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FEBAOEBRE, PPILWA, FOY hAShA2ESD, EMIFEDOERE &OBERAUIICH
TRTWB, LEh->T, BAThIETATRELT0LL S, pup::k(e

4 -1 -1
FA=[1 2 -1|oEEEEEERS MLERDE, Ff, UBLTHPERDT, PlAPE

ﬁﬁ%’%ﬁ 3 -1 0

PAPER®, BOWERAISE. (155)
XIVAR—R

4 -1 -1 1
T9A = ( 1 )’éiﬁﬁ’iﬂc‘:?ék‘ — RXDEHERSf DKer(f) DIEDEEE KD

In [46]: A = Matrix([[4,-1,-1]1,[1,2,-11,[3,-1,011)
A.eigenvects()

2 -1 =2 out[467]: 1 1 1
£ (15%) 2
L1, L (2 L L 13 1 0
2
In [42]: from sympy import * 1 1 1
init_session() In [47]: P,D = A.diagonalize()
IPython console for SymPy 1.0 (Python 3.6.1-64-bit) (ground types:
python) In [48]: P.inv()*A*P

These commands were executed: Out[48]: 0 0

1
>>> from _ future_ import division 0 2 0
>>> from sympy import *
>>> x, y, z, t = symbols('xy z t') L0 0 3]
>>> k, m, n = symbols('k m n', integer=True)
>>> f, g, h = symbols('f g h', cls=Function) In [50]: P.transpose()*A*P
>>> init_printing() _ -

out[50]: |6 8 9

Documentation can be found at http://docs.sympy.org/1.0/ 4
1 3

6 6

4 6

In [45]: A=Matrix([[4,-1,1,11,[1,2,-1,-2]1) -
A.nullspace()

Oout[45]: _% 0
5
5|1
1 0
0 1
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In [3]: f.subs({x:a+th})

2015EEAE AR LY 5 — B FHER K71 - B2 w1 1,y

G

UTotyy—HEEEZpythonTeodelbt B &, 722U, BEES(x) i In [4]: f.subs({x:a+h}) - f.subs({x:a})
. 2
f =Rational(1l,2)*x**2 out[4]: _% + %(a + h)?

f.subs({x:a})
REET BN, In [5]: (f.subs({x:a+h}) - f.subs({x:a}))’/h
out[5]: 1< a@?

M5 RE H(-5 + 5 n?)

2
%S (x) = %x2 Dx = alTBFBDHAMRES (a)% KD&LS. hMoThWEE, xhlahSa+hFERTE

In [6]: expand( (f.subs({x:ath}) - f.subs({x:a}))/h )
3 2L =Df()0 $fazfmat+-¢ma_ UIehtsT, RodBMAHEIZ
-4

out[6]: a+§
. h
f'(@) = lim +— =
h=[ ] In [7]: limit(expand( (f.subs({x:a+h}) - f.subs({x:a}))/h ), h, 0)
TH3. Out[7]: a

In [1]: from sympy import *
DUTLRTID, o< D EHANBORT v TERLTWET.
init_session()
o 1/212E£0.51C7% O THRINICHEEH(Rationa) t ES

IPython console for SymPy 1.0 (Python 3.6.1-64-bit) (ground types: o BISORA IEsubs(tituion) TEIT

th
python) . athZabDEELS
These commands were executed: o I 5(CERM(expand)Z E1T
>>> from _ future__ import division o IimitZE%. ZNIETFR N TREMD DsectionTHBNLTWS

>>> from sympy import *

>>> x, y, z, t = symbols('xy z t')

>>> k, m, n = symbols('k m n', integer=True)
>>> f, g, h = symbols('f g h', cls=Function)
>>> init_printing()

Documentation can be found at http://docs.sympy.org/1.0/

In [2]: a,b,h,x = symbols('a b h x")
f =Rational(1l,2)*x**2

out[2]: x2
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In [8]: %matplotlib inline

import matplotlib.pyplot as plt
m%ﬁ, Eﬁ import numpy as np
gy = 12 &CEL, CLIcAP(a, 1d?)2E%. 112U, a> 085, APIEHITZCOERIOD from sympy import *
R

def func(x):

1
2

_ a return 1/2*%x*%2
B

xx = np.linspace(-1, 2.2, 100) #00'52r& TO#HFHZ1005EIL /=

v=[zl-

TH>. Eﬁ?l&xﬁﬂi&@ﬁﬁ()@@ﬁ‘i(,o> THD. RQEBEDIICEERERZMET DL, yy = func(xx)
e

plt.plot(xx, yy, color = 'b'")

mOAERF

plt.plot(2, func(2), "o", color = 'k')

plt.hlines(0, -1, 3, color='k', linestyle='-', linewidth=2)
plt.vlines(0, -1, 3, color='k', linestyle='-', linewidth=2)
plt.grid()

TH3. plt.show()

30
Z70Ov k 25
FPHBEMEPtLTE5IC, afBUICRELTHEZNTVNET, CWOAEERATIA, python 20
EHLTHFTLREN, I—REEIBRERALT, TRV IURHZ T EEEITENTLLE 15
W, 10

05 \\\\\‘

0.0

-05

-1.0

10 -05 00 05 10 15 20 25 30

In [9]: 11 = aa*(x-x0)+y0

NameError Traceback (most recent c
all last)

<ipython-input-9-c204fe214fb7> in <module>

——-=> 1 11 = aa*(x-x0)+y0

NameError: name 'aa' is not defined

In [10]: diff(f,x)

Out[1l0]: x
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In [11]: diff(f,x).subs({x:a})

Out[1ll]: ¢

In [12]: aa = diff(f,x).subs({x:a})

In [13]: X0 = a
y0 = Rational(1l,2)*a**2
11 = aa*(x-x0)+y0
expand(1ll)

Out[13]: a2
—"E? + ax

In [14]: solve(ll,x)

out[14]: [a]
2

In [15]: mm = bb*(x-x0)+y0

NameError
all last)
<ipython-input-15-871c2a4e54a6> in <module>
———=> 1 mm = bb*(x-x0)+y0

NameError: name 'bb' is not defined
In [16]: bb = solve(a*b+l,b)[0]
bb
out[16]: 1
a
In [17]: mm = bb*(x-a/2)
expand (mm)

Out[17]: l
2

X
a

In [18]: print(mm.subs({a:2}))
1l.subs({a:2})
-x/2 + 1/2

Oout[18]: 2x —2
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In [36]:

gmatplotlib inline
import matplotlib.pyplot as plt
import numpy as np

from sympy import *

def func(x):
return 1/2*%x*%2

def 1 func(x):
return 2*x-2

def m func(x):
return -x/2+1/2

g = plt.subplot()
g.set_ylim([-3,3])
g.set_xlim([-3,3])
g.set_aspect('equal')

xx = np.linspace(-1, 2.2, 100) #00'52r& TO#HFHZ1005EIL /=
yy = func(xx)

g.plot(xx, yy, color = 'b'")

yy = 1_func(xx)

g.plot(xx, yy, color = 'r')

yy = m_func(xx)

g.plot(xx, yy, color = 'r'")

plt.plot(2, func(2), "o", color = 'k'")
plt.text(2+0.5, func(2), "P(a,1/2a"2)", color = 'k')
plt.plot(1,0, "o", color = 'k')

plt.text(1.2, 0.2, "Q(a/2, 0)", color = 'k'")

plt.plot(0,1/2, "o", color = 'k')

plt.text(0.2, 1/2+0.2, "A(0, 1/2)", color = 'k')
plt.plot(0,0, "o", color = 'k'")

plt.text(0.2, -0.3, "0O", color = 'k'")
plt.plot(2,0, "o", color = 'k')

plt.text(2.2,-0.3, "R", color = 'k'")

plt.hlines(0, -1, 3, color='k', linestyle='-', linewidth=2)
plt.vlines(0, -1, 3, color='k', linestyle='-', linewidth=2)
plt.grid()

plt.show()
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2 P(a{l1/2a"2) E*ﬁ

BEffmEyHEDRERZEALT D, ZAFAPQOEEZSEH &

1 A0, 1,
Q‘ Q(a2,0) a (a2 + )

0 0 TR S= — 7

EBB, Ff, yHERAAPS L UMRCI &> THAE W EROBEET & 5< &

-2 a(a2+>

T R —

3 )

E18B.

-3 T T
-3 -2 -1

[

. . . N > 0DEHEICHIFZS — TOMBICDOWTHARL S,
aspectti A DplotidH LAY AND 25, EDFIESBLT LS, subplotEEHEL & T5— At @ > 0D e P
FATIR, £<bhDELA, o a(a - )

RFITHEWELTWE U, HiIEmOEZ ERHZAHEE> TIcATITH, aspecttbht1 Dplot
ELT, MBNCRAOZRLE. RELBLOLANTT R, B, a>0THEN, S-T>0eB5& 55 0L DEBEOERAK (> \[Z]vs5. *
BROFERTIN, IS—ZHLTWET ChiEbSeTd EROHEXOAR . \
, - TOERERANDE, S-— = “ER/ME — en .
¥ — f@) = @0 — ) e, a>0DE=DS — TOERERANZE, S—Tlida —CE§/J\11_ EEBTENDIS

ZpythonT7 LI LT

mm = bb*(x-x0)+y0 In [20]: mm.subs({x:0})

1
EBLTHE, EDEHRRDBNIDDADET MEE(bb), x0,y0&lE® 3 NE/ (5 X—)% 5% Out[20]: _

LTV > TEEHHE LA D £ 2
TS 7 RUTORBEEREL felc, HORERBULTWEY, Ffo, BOFETEEVWARIDIC W& In [55]: OAPR = (Ratiogal<lr2>+f-subi<{X=a}>;*a/2
S EiExE > OAQ = Rational(1l,2)*Rational(1l,2)*a/2
Sk, EREMEMATNET. QPR = (a-a/2)*1/2%a**2/2

OAPR

out[551: q /[ a? 1
2\2 %2

In [57]: SS = factor(OAPR - OAQ - QPR)
ss

out[577: g( 2 +1)

In [61]: TT = factor(OAPR-integrate(f,(x,0,a)))
TT

out[61]: & (2
12( +3)
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In [64]:

Oout[64]:

In [65]:

out[65]:

In [66]:

out[66]:

In [67]:

out[67]:

In [68]:

out[68]:

In [69]:

out[697]:

2019/06/14 14:57

ST = factor(SS-TT)
ST

L -3)

plot (ST, (a,0,4))

©
=
20
15
10
05
0.0 T T T T T )
0.0 05 15 20 25 30 35 40

<sympy.plotting.plot.Plot at 0x116b58£fd0>

solve(ST,a)

[0, -v3, V3]
diff(ST,a)

@ _1

8 8

solve(diff(ST,a),a)

(-1 1]

ST.subs({a:1})

L
12

Zh oty y—RBROBBEIIREITE L. pythonTRWSHBEBICEY ¥ —HBEOBERY 7 X% 128
TW ZENTESRFTTY. HEBEHIREZpythonicP 5L TWEDTIEEHBIFETT. TH, X
DEEZ ZDEXFTIERBITEEA.
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7 —SBRBET R

R OB ES(x) = 0.49x2 & L UBIRCOARNZY = 0.49%? &£ UCHEERT. REREZZ0

T, BERRD - ZICLETINERERD, REDR/IMEIF-0.08676940< 5\, (305:)
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# REDEH REGECTELHEZREHEICT I EVWSHEEEF LK HNET HRLEEICEVWTIE
HERNQEETYT Vi TERLFEMELTRLIETY. LOBRETR, HTREERZZDEX
RIFTEULTCREIBINHDET, 592N TboKIC THhy NETREY FTIFEIER
DHTRIC, FHETREBCERELV TN EIIRELET FZE PEDEEZEZ(q, 1/2 * o) TiEEL
(a,f(@) ETBIEFTRAEIEIEAETT, MMOEP>TVEET,

In [70]:

In [99]:

out[99]:

In [100]:

Out[1007]:

In [101]:

out[101]:

In [103]:

out[103]:

from sympy import *

init_session()

IPython console for SymPy 1.0 (Python 3.6.1-64-bit)

python)

These commands were executed:

>>> from _ future_ import division

>>> from sympy import *

>>> x, y, z, t = symbols('x y z t')

>>> k, m, n = symbols('k m n', integer=True)
>>> f, g, h = symbols('f g h', cls=Function)
>>> init_printing()

Documentation can be found at http://docs.sympy.org/1.0/

a,b,h,x = symbols('a b h x")
#f =Rational(1l,2)*x**2

f =0.49*%x**2

£

0.49x%

df = expand( (f.subs({x:ath}) - f.subs({x:a}))/h )

df

0.98a + 0.49h

limit( df, h, 0)
0.98a

aa = diff(f,x).subs({x:a})
aa

0.98a
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In [118]:

Out[118]:

In [119]:

Out[119]:

In [120]:

out[120]:

In [121]:

Out[1l21]:

In [122]:

Oout[122]:

In [123]:

out[123]:

In [124]:

Out[124]:

In [125]:

Oout[125]:

x0 a

yo0 f.subs({x:a})
11 = aa*(x-x0)+y0
expand(11l)

—0.494* + 0.98ax

Q x = solve(1ll,x)[0]
Qx

0.5a
bb = solve(aa*b+1l,b)[0]
bb

_ 1.02040816326531
a

mm = bb*(x-Q_x)
expand (mm)

1.02040816326531x
a

0.510204081632653 —

A y = mm.subs({x:0})
Ay

0.510204081632653
OAPR = (A y+f.subs({x:a}))*a/2
OAQ = A y*Q x/2

QPR (a-Q_x)*f.subs({x:a})/2
OAPR

g (0.494* + 0.510204081632653 )
SS = factor(OAPR - OAQ - QPR)
SS

0.5a (0.245a* + 0.255102040816327)

TT = factor (OAPR-integrate(f, (x,0,a)))
TT

0.5a 01163333333333333a2-+(1510204081632653)

http://localhost:8888/nbconvert/html/19_1_pair_ans.ipynb?download=false

2019/06/14 14:57

17 /19 "=

19_1_pair_ans

2019/06/14 14:57

In [126]: ST = factor(SS-TT)
ST
out[126]: 0.5a (0.0816666666666667a" — 0.255102040816327)
In [127]: plot(ST, (a,0,4))
Out[127]: <sympy.plotting.plot.Plot at 0x1169a3b00>
G
2.0 A
1.5 1
1.0 A
0.5 1
0.0 T T T T T T T 1
0.0 0.5 10 1.5 2.0 2.5 3.0 3.5 4.0
a
In [128]: solve(ST,a)
Out[128]: [-1.76739878323355, 0.0, 1.76739878323355]
In [132]: ST min = solve(diff(ST,a),a)
ST_min[1]
out[132]: 1.02040816326531
In [133]: ST.subs({a:ST _min[1]})
out[133]: —0.0867694016382063
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ESTY. RIS = 122> TREZERUEHNSI—REBELTVWERYT BREBICFEEE04ICER
TEFTULEYT BREOERMNMES ANFEIHTERNOEB|NR+ABORLEBWET, FzvI LT
HTLREE,

B8 BI2VRETRABTEDEE EAPITLLE>TVWRERBWVWEYT, TEBEDOTFIAMPRY DYy

TIVSEBRI—REEZADET, TH, TITRULELDIIC, 1IHHSBELEZINHZEBD
BOWTLEIW, IOV TY DecodeZENT, ZOHRTIZH>EBELTWEY., AI0ER, FHCHR
THEBEMIRETY. CDBEOHH,  TprogrammingldHFEDREEZBE DICPTWD) EEDNBALUKD
ZA)TY.

HALEBOIY MO >fcTLLOIN? 7OV ZIVIOBEICBTVWET. THEELEH<I—R; T
T FFRECOA-—REENT, TOREEEEVTREICLTLLLETVN, ZOBEEIREPLERIBE N
TWET,

In [ ]:
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