NAAEENEN MR T Y HTAGREICHW 2 P PR OB L OfERL (2017 FREERR)

BE¥1-02-2
EXERR Xy, 2) Do BEERER (0, 0, ¥) ~NDOER
B JEAE R COXB T REAIILL T CTh 5,
2 2 2
K22k, 28k, IS 5B (1)
Y oy? oz ot
22T, MEERTOERELUT EEET D,
(x,y,2)=(psinpcos @, psingsing, pcos ),  p’=x* +y* + 2
(2)
p=AX>+y?+72, (p:cos'l(i} 0=cos| X __
P VX +y?
A
z
Py 2)
v
Q (x,y,z=0)
FKBFEEUTFETMEL L, K=K=K K,
fiRke LT, BUTFoXERD,
0% 2065 1 0% cot¢ s 1 &% _Ssos
Sttt —+ — = 3)
op~ por p°op p’ 0 p?sin®g 06 K ot
DI, ZORRICEDFHEERHAD,
i PERSSR B S) % AR RS R Aoy TG LT b DITEA T & 72D,
op . op . . op
— =Sinpcosd, —— =singsind, — =C0S
o = Sine By ingsi . @
a—¢:£005¢70036', 6—(p:£coswsin¢9, a—(Oz_—lsingo 4)
ox p o p o p
00 _ —1S|n9 %:lcose 00 _
x p sing’ dy psing’ oz

F72, XIZOWTOWBIFLL T O X S IZERSINLD,
i op 0 +69 0 O0p 0

+— (5)
OX OXdp Oxo068 X 8¢7
XoT, ZTNLVLTEFHFET 5,

iz_i(ij of(p o 200 dp o
o2 ox\ox) ox\oxdp ox 00 ox dg ©
(apa 0 8 a¢aj(a_pi+@i+a¢aj

X O0p Ox00 Xxop)\oxdp oxo00 oxop

ZOXREZRERBELT, LTFD3 /3— MIyEI L CTEHET 5,



AR M T MR KA B 3 P R O BB ) Ui (2017 4EJEERR)
B 1-02-2
220,00 f00) B[0(50), 000,000
"ox oplox 9p  x 06 8X6(p OX|Op\ Ox 0p) Op\ox 068) Op\ Ox Op
0 2(e)0 5 0(0), 0(00)0 200 0), 0(00)0 G000 o
OXx| 6p\ Ox JOp X Op ap op\ ox )08 oOx op\oB) Op\ox )op Ox Op\op
®806 op 0 696 Op 0 _Hﬁa_pa 6[86’8j+i6_(pi
Ox 06\ ox 6,0 o 6(9 OX ago OX 49 X Op) 06\ ox08) 00\ ox o ®
_ 00 a(apja+apa _(%)i_ ( j 6(6(p)6+6_¢ii
" x| 00\ ax op Ox 06 8p oX )08 ox 00 00\ ox Jop Ox 00\ Op
Op 0 (op 0 698 6¢>6 ia_pa 6606+26_¢i
" Ox 0p\ X 6,0 ox 60 oX 6(0 6(p OX 6,0 6(p ox 00 ) Op\ ox Op ©)
_Op 6(6,0]6 Gpa ( )8 806( ]_’_i(@_(aJi_'_a_(pii
OX| Op\ OX JOp OX O@ 6,0 6¢) OXx )08 OX Op\ 08 ) Op\ ox )Oop OX Op\ o

[RIERIZ, Y, Z BERERY 73 Oy
BT D,
d aj '

e
)

ap
ox

ap
OoX

p
oy

op
oy

|

=sinp+cos?p =1

o .
op

6p|:

oX
Lo

oy
Lo

ol
op

0

op

o)l
HZ)
(2]

Lp

0 (smgosmﬁ}
Lp

T

—sin@ [—si

psing

+ P o] 250 g
oy psing

P, 99
+ p [0]+ & [0]+

o
o [O]+

in

—S

|+

=sin’ pcos? @ +sin? psin? @ + cos?  =sin? qo(cos2 0 +5sin? 6?)+ cos? g

0 (smgocos@}
x| op

pcosf]+

Yloy?, Hloz?)EAT\,

p
oz

ap
oz

H

(10)

(a H a_w{_(a ﬂ
()55
il gaﬂ}

/A

oo
A

2 ]

(sinpcos @) +—¢[ (sinpcos 9)}

0

op| 0
sm¢sm9} { (smgosme)}

oy Lo

<o) 2] 2 feoso)|

Qosgeosd [cos pcos 6]

o
HE
22 os

nesing|+

Cospsing [cos psing]

"9 [sing]



NAAEENEN MR T Y HTAGREICHW 2 P PR OB L OfERL (2017 FREERR)

&EF1-02-2
i 2 2 2 2 2 i02 i 2
_sin 9+cos @ C0S 0+cos 6+cos @sin 49+sm Q@
P P P P P
2 $a2 2 2 P02 ia2 29 <in? 2 fa2
_ cos 6 +sin 9+cos q)(COS 6 +sin 0)+sm ¢ _cos 6 —sin 6’+cos go+sm Q
P P P P P P (11)
1 1 2
=t =
P P P
9
00

ap a de dH do +d¢7 de
dx dx dx dx dx
do do Lo do
dy ap dy dy 20\ dy dy
do 0 (do Lo do
dz 20\ dz dz
6 -1 -1sin@| o 1lsing 1 0 1lsin@
—|— +—— — COS ¢ CoS 6
op p 1) } p Sing 89[,0 Sln(pﬂ P {8(p(p Slngoﬂ
6 10059 1 cos@| 0 (1 cosd 1 0 (1coséd
+singsing] —| — +—— — | == —cos psing
{6,0 p sing } P S |ngo|:69(p Slngoﬂ Vel |:6go[p smgpﬂ
+COS(0{ } +—15|n¢{ 0 (O)}
op

cos@sind 1 cos@dsind 1 cos? pcosdsind
- 2 T2 a2 T2 -2
P p° sinc @ P sin“ @
p— 2 1
+_§Cosesm‘9+_icosasmeJr_icos (p_cc;sesme
P 2 sin” @ P sSin” @
=0

d(p
dy |
d(/’
dz |

. smH
=singcosd —_—
sin

(12)

. 0 (1 1S|n6’
=Singcos g — COS(pcosH
P ,0 sing

+sin(psin9{—(l compsm&ﬂ ! COSH{
Yol

9 p p
(icoswln@j lCOS(psin& i(lCOS(pSineJ
p sing p p op\ p

+c05(pi —sing | [+0- 2 _—lsin(p Jr_—lsin(pi _—15in(p
op\ p o0\ p p op\ p



NAAEENEN MR T Y HTAGREICHW 2 P PR OB L OfERL (2017 FREERR)

&H1-02-2
: 2 2
—sin ¢ cos ¢ cos 1 cosgsin -1 .
- e ;0 9+—2 sl 9+—2005(psm(pc052¢9
P P Sing
-1 1 -1 . .
+—5 cos psingsin? 6+ Zw +—Ccos psingsin® 6
P Sing Yo,
1 . 1 .
+-=8iNpCos ¢ +0+—Cos psing (13)
P
—-2si 1
:M(COSZH—FSIH 6?) COsw(sm 6+ cos? 9)
p? p? sing
2 1 cosp 1
+—sm¢)c03(p——2—:—cotgo
P Sing P

3
22313412

—1sin@| -1sin@ 1 cosd| 1 coséd
=— —— +—— —— +0[0]
p Sing| p sing psing| psing

1 sin? 1 1 1 1 . 1 1
—S 0+— - - (Sln29+00529)=—2 —
2sinfe  plsinfe  plsinie p? sin?

202,
op \ Op .
5_40[8_60}5_40 9% ﬂﬁ[iﬂ
OX | OX oy | oy oz | oz

1 1 1 . 1 . -1 . -1 .
= — COS ¢ COS 9{—(:05 @ COS 0}+—cos @sin H[—cos @sin 9}+—sm go{—sm (p}
P P P P P P

:izcos2 ¢ cos? ¢9+izcos2 psin? ¢9+izsin2 ¢:i2cos2 ¢(cos2 0 +sin? 9)+izsin2 P

1, 1 .,
=—-cos’ p+—sin® p=—
p p p

i(i}.
oploo)
6_/)[%}6_/) a0 +a_p[%}
OX|ox| oy|loy| oz| oz

. —1sin@ . . 1 cos
=sin @ cos ) — —— |+sin@sin | —
p sing p sin

ot

:_—1cosesin9+£cosasin9+0=0
P P

o(o].
oplop)



OUSHEEA TS AR 2P B RO BILL OB (2017 4RI
B 1-02-2

op[op], op[o0], fop
OX| ox| oy|oy| oz| oz
. 1 . . 1 . -1
:smgocose{—cow)cos6'}+smgosm9{—cos<psm9}+cos<p{—sm¢}
P P P

1 . 2 1 . . -1 .
=-—C0S @SiN@COS“ 8 +—CosS pSinpsin® @ +—Ccos psing
P P P

P psin (p(cos2 0 +sin? 6)+_—1005 (psin(pzicos psin go+_—1cos psing =0
p p p p

ofa].
o0\ op )
0[op], 20[ap], 20[op
OX | Ox oy | oy oz | oz
_ Z1sin 9[sm(pcose]+—ﬂ[smgosm6*]+0 [cos o]
p sing p sing
:llcosﬁsin0+£cos€sin0:0
P P
oo,
00\ o)

ae{a¢} 20| op ae{a¢}
ox | ox | oy oy

_15”16[ cos<ocos¢9} e 050{ cos;osme}ro {Jsinw}
2

p sing p sing
—1 cos ¢ cos @sind icouosm&cos& _0
e sing p2 sing
o(9]).
dplop)

2[ ), 20 2], o[ 2

OX|ox| oy|loy| oz|oz

=iCOSgoCOSH[SingoCOS0]+iCOS¢)Sin6’[8iﬂq05iﬂt9]+_—15in(p[cosgo]
P p

1 . 2 1 . . -1 .
=—Sin @ Cos ¢ cos“ 8+ — oS @ Ssin ¢sin“ 8+ —sin ¢ cos @
P P P

1. . -1 1. -1 .
=—Sln(pCOS(p(COSZQ+SIn2 49)+—sm¢005¢=—S|n(pc05(p+—smgo005¢=0
P P P P

69(69j;
op\ 00



OSHEIEA TS AT 2 3 PR ORI R OffS (2017 /AR
B 1-02-2

2ofc0), gofo0], cofor]

OX| OX| oy|oy| oz]| oz

:icos(pcose{—lﬂ} ECOS(DSIHH{£M:|+—1$IH¢[O]
P psing| p psing | p

_ —1cosgpsindcosd +i005(psin900349 0
p? sing p? sing

HErREEEOZ A L, IS5 LT LD,

2 2 2 2 2 2
58 ok, ISk, Sk, ek TSk Sk
ot Fax? Yoyl oz ox? oy? oz°

0(01,20 1 8 l 1 9 ( 0 j
=K|— +——+—Ccotp—
op 6,0 pop p? 6go p? sin goae 00

&Y, WEESRICI T 5 3BT AT T E 7,

(&%)

1) Kreyszig, E. : Advanced engineering mathematics, the seventh edition, John Wiley & Sons, Inc.,
pp.683-684, 1993.



NAAEENEN MR T Y HTAGREICHW 2 P PR OB L OfERL (2017 FREERR)

EBINEEE
PIFORREFHE L TEL,

% =sin@coséd, P =singsing,
X oy

a—qD:lcoswcosH, a—gD:lcowsina, a—goz_—lsingp
p o p a  p

00 _—1sing 00 _ 1 cosd 00 _

x psing’ dy psing’ oz

BONERIUTTH D,

x,¥,2)=(psinpcos @, psingsing, pcosp),  p?=x>+y? + 22
(x,y,2)=(psinpcos 6, psingsing, pcosp),  p

p=+x2+yi+2°, gpoOS_l(i]:COS'l | f=cost 2
p X2 +y? 422 X2 +y?

ZIZT, JFRO0 LAEEOEERP, PO x-y VEEERQ ZE X,

op & 2 WO AR ¢, 00 & x BIORTAES 6 L35

_ 11
d (x2+y2+zzﬁ 3 .
d_p= L —=i.2x.(x2+y2+22)3=M=sin(pcos¢9
dx d 2 P
_ -
d (x2+y2+zzﬁ B o
d_p: L -:l.Zy.(X2+y2+22)? :wzsin(psinﬁ
dy d 2 P
1
d{(x2+y2+zzﬁ} 1
dp 1 2, 2, ,2), _PCOse
- _ =—-22-\X"+y°+2°)2 = =Cos
dz d 2 ( y r Y Y

< ZHMUBEOFEITIR A= a > TRy E >

&R 1-02-2

(23)

(24)

(25)

(26)

@7



