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2. h "H3 conservative force

electric potential s 0 ARGI D#U e Ymngt Aqt Oc potentialenergy s’ AR Ulj R
3He Udmngt AgL Oces A&RGI Dz EE EE3h "H3s AR 3He Ymngt Aq
L Ocs AR 3 AReYmngt Aqt Ocs’ Q9 ' EE ' EE3 edmngt Aq
. O electrostatic potential energy s AR 1 06 A '3 1 06 A © DmNjo AR
o H' gAqu Oc3 aR' ¢gK¢g noO6A ga s A gAqL OcEs™ OG AQ¢ particle
aspects O6 AAqL OcgWwa3 aRrR ¢ waveaspects s 83 T RUZUZUR (g6ADZ H
got 8 de Brogliewave 3 Hi DRI g3 R DU Tg L 3 AR T ¢° s HH3U
R U Dasi G L g0 Dxd Njo H 06 A 3 A0NR ¢ot8 DdNjoH
06 A 3 aoNjR 06 A 3 H 1S 0 DZHi A9 os
sT ONRT g3ljP got 8 s Dz A9 NjRT ¢ 3 HUIDA] 1 Do Njo HU L3 AoljR ~
i3 . g0 DmNjo Aol R
g r3H 21 3 [ electrostatic field s AR 21 g! ¢ I Dz charge 2.3
g pointcharge s NjG3 U Dz 23 Dz AR 3 electrostaticforce s 22 3AR G
g I's 21 g6ADd AR 21 3H n ¢ 23 s 0 gH AR, ¢ T d8 EL
s 1AR IHr 4 the Internation al System of Units DSIDZ 3 § g4 unit s 13
A9 NjR 1" 3HY_ s ARGI Dz sARDg®ZjJI1 R GgA v 3 s AR
£+ £ 2.(a. 08 (29)
F N3 (22) 3
q C3 (23)
21 g" ¢ I D R 23 ¢ Dz AR 3 22 W 21 s’ Ao 24 3% 3
GR Ug 24 g1 H "H33 RT §3AR
F=qg3E3 (24)
3 24 Uh "H3 3 RU3H, - work s ARU33MWOR 25 H 3 22 U/ A
0 NjR GW gd8&FEL vector 3R .- 26 H 3 24 O6AW gddEFEL 25 s’ O
0 ApgNjR _ adR. bs U XAG3uDz Gg Dz 3 22 U/ AoNRI. ¢ Gg¢
3 22 gDA_ -H 26 g 3 30R - 26 ¢g!t ¢ 3 22 U 24 3% 3
RDRp.- 26 g, U 30R g OptionE E gli3 EEg 3 4Dz - ¢ s A9
iR GgA g Optong . - ¢ HU Gg Opton 3" AR nD®dNjj g 31 R

dsm3 (2.5)
b .. b ..
EFCds=q3 ':FQjS 33 (2.6)

h "H3 s ARGI Dz 21s’ AR ¢ 213H pathl 3 path2 g 29 § sl 9 NjJR . 214g pathl
% path2 U DR 31t 60. a3. bslfRg Dziéli3s O 3AR pathl 3 path2 § GG
e

Do Njo O 1T R U 3 D7 3R ° &g 2 212 s° A9 t+ 219, adR. bs material
point U XAGvDz Gg U a¢tRI_.s TR UGgT. 3 patht1 06 A path2 ¢ 3 XAG3

Uge_s AQ
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L 214, adR._ bé path ¢ 3 U XAGI . §g.-s 27 3 3U0R G¢§ U b
OR. ag path2 ¢ 3 XAGI_g.-s 28 3% 30R Gg3zubDz "~ " ¢ path1 O6 A path2 g
DZAAG 29 U4 ARDRpP 27 0O6A 28 g, Dz AG3H "H33I R

b ..
Wpathl._ab = @: (2is3 (2'7)

Wpatrﬁ_ba = ﬂ: Q@s3 (2'8)

Wpathl._ab +Wpath’2_ba =03 (2'9)

L 21¢. a®R. bg path2 g 3 U XAGI .  ¢g.-s 210 3 3U0R Gg¢ U, bbd
R. a¢ path ¢ 3 XAGT . g.-s 211 3 3UR Gg3zubDz"~ " ¢ pathli O6 A path2 ¢
DZAAG 212 U4 ARDRpP 210 O6A 211 ¢§g. Dz AG3H» "H33| R

b ..

L (2.10)
Wt ba = LF @3 (2.19)
Wpathz_ab +WpathL_ba =03 (2'12)
h "H331j RDRpP 213 06 A 214 U4 AR G¢gT. R 213 06 A 214 3H DD R DA3
O 3 9. GE3IGEh H3gDA, - H 0VARG3s AQNR

=W 3 (213
patil_ab path2_ab

=W 3 (214
path2_ba patil_ba

3 24 s’ Ao 24 ¢g. Uh "H3DDRI_ s ' EE ' EEDz AR GgA 3
AR 33H 24 6FYTE. DO@QG58ct mg Oy Coulomb&law 5 36 pPF RYT ¢ s AR

T electromagnetism 3 H T electricfield O6 A T magneticfield 3Apf R51 5s 1A
T 06A Ts' Ag _ i 6 06 A DZ suv AR ! 37 GgoADz1 O6A 1
s’ Ag: s AR I 3R 30 sT QG _ Dz ARG3Zs TR GgU3O6R

3s’ A9 s 3UR Gg6ADBDz s NjG Td6FL g0 H 21 6%31 Dz AA

AUT? 0 NjRY g 3 g "¢ H T 0 NjR
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g Y

Uf GV g3 Hi T§ electromagnetic wave U0~ AR

R 0
Qit XAQNR 3 30RX Dz T 31 T31RT §34A03s
a Tgius AR G¢g n3H X Dz1 O6A T3 AR s” 0

lim E(xt+Dt)=E(xt)3 (2.17)

! ! 1 06 A Option 3x DWaAR T O6A 1 Do Njd A9 NjR T 3H 3
electromagneticforce s~ 0 AR 3H# &1 m? 3 thelorentzforce 3 3UR t+ &1 m?3H

Ao NjR I 3R Dz 30/ R !
i

ey

g ! 06 A Option 3
electromagnetic interaction s & RT § 3 R Is AR i3 AQdNRANT o inertial

coordinate-system HJ j y €Z m31  Newtonian mechanics 3’ A9 NjRY1 o ¥ U DR 13
ARNN o DAU N8mnyt8mp U gDz AG AN the special theory of relativity
3" ARYY o s Uf g NjRg U g2 " 3R jyeEm3i 3 A O6A A s
' RoNR A O08A A 3HIAGYYT . gW H OiI18W 3R Gg0i18W 3H

Tgyva o g Dzi ADNj N8mnyt8mg A 3H Gg Hu Oo6 A g.
U, NjDz A DZvas ARt a1 m?> W Dz AR | jyYcEm3i3H jycEmgd [3g Oy
Newton & law of universal gravitaton s "Hi 30 R d [F3¢g 0y3 3 gravitational force s Ao Nj
R N8mnyt8mg "An 3K d [F3g OoyWU'Hi 3uDadj Oi 18W U A 06 A A
3140fFRg3 d |F3g o dz 3[RT g3 TRGZUSUR Oi18W s’ ADAN|3 3s
30R AN s 0U30R N8mnytsamp U gDz AGj AN the general
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theory of relativity 3 U RDav'QDZ 3 sts] 9 NjR 31 gravitational field 3 30 s° 0G
matter DZ ARY ¢ % Ao NjR 31 DZH AR giR n Dz 30/ AR 3 .,/

gravitational interacton s &RV g3 TR d |39 OyedYmngt Aqu OcDU Dz Dz

AguL Ocen?2s” 0O3UREEesYmngt Aqt OcHu 3 AR EE Dz 31T 3 H s° 0G
g szqloMugéﬁe a6 31 3R ¢3 30R d [F3¢g oz, 3uR 3¢I DA

- O

e o 6 o

AR 31 DZH ARANN o E 31 K3 AR,
g 0y3g1__x._@__E__m§__l___g__o__A__Q_ZA__aa___EEIJRNJHJ /"XGH H
R 03K 3TK3g ¢ EHKk 1§ AV390d9 Ag§
X3 H 30 XAQNRg3 i HWaAQNDA | AN 3H
, sV ARG3Z3 3713¢g Ars a0NR Aqu OcEg 3H NN
inertial mass U 3 gravitational mass Dz ANji 3s~ 0OARU33Aqu Ocgh "Hoys AR
goADAqL Ocg H AN OR™HIi 3uGY gsH 3A0NR AN 3gAqL O
E§ 3 H gedgmngt Aqt 006 A XAqu OcsH 3 AR AN 3gAqL Ocg

Do Njo U =~ k3 Ao NjR 3" wg gAqL OEgh "Hoys' AR Kk | o
O6Ak Do NoH ~ kOB6AL3Z Ao NjR

=2 @ X X W

Cx

.edmngt Aqt OcE potential energy
edmngt AgtL OcH "H3DZAAG UL Ao NRAqL O3l R 3 GgeYmngt AqL Oc

e

H Kg’ U A configuration D7 RGI Dz 39 Dp H30O "/ interacton A
G4 Dz 1 0 NjRA

gL Oc31lRT g3 eYmngt Aqu Ocdg” nsv AR (gedYmngt Aq
T theoretical physics 3g0 31 R 3H 0" dzg U A Dz fF
NjR HU G6ADz Uf G gh_3IiR g 39 gyl Dz AQNjR] ¢
T3 Gg A HU K¢§g o0¢g A D 31 06 A 32 s' A9 U R

us3

X

el
Z

1 (N
[@N]

R

O
3

edgmngt Aqu Oes . 33 3 Ad
xa,ya,za)3 (3.1)

(xb, A )3 (3.2)
3 (3.3)

C

1R mP3 DR N 1Hg§ sTl GnHg DR 3
g DR U, NjDz A D7 RGi Dz Gg o049 3

AR Sslili3 VAR 3H o

AR Dz T 9 NjRe bmngt Aqu O

&s AAG3DDR GgoAD2Ymngt Aqu Oce3H  04¢ A
1HgeWmngt Aqu O 33 s T RUZDDR g 1Hg A HU mPs 11 G 3

i R mPU NjDRp mPs 171 G 1'Hg A S :

@ s AG 1 HgeUmngt Aqu O 33 s 3UDNj GgoADzZ 1Hg A DZAA

[(®}

G 1Hge ¥mngt Aqu O 33 g EDz ANgedmngt Aqt OcEs mPU™ o7 g3 4A

Cx Q1

9 NjR m°PU DR 1'HG 39 A D RGI Dz mP3 GFf Rg 3 101G 1H
gedmngt Aqu Oceg eEDz ANjedmngt Aqt OcU SDz 1T 9NjRT ¢3 TR S3
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mngt Aqut OegWa DU,¢gls 34 30 AR 34 g! HNn30g & mPU 0¢gGFfgf g
__ D R Dz SDz 1 RF RGFgfgetdmngt Aqu 03¢ Gg Wa A9 NjR 34 ¢

S
H 34 g1 gedmngt AqL Oces b AGM H3gDA, - Dz s  GGI g3 R g, -
H!' § o0¢g. DDIRN3og. sO O6A FT¢g. s 3A0 AR._ - 3R 344

34 g" gedmnagt Agu OcgWa suv ZURh "H3gDA, - 3 AR U
oA . H j Do dzg. 31l R 34 ! dgevdmngt AgqL Oc A D
g DA "H3 U/ AQNDANj §3A0 34 . §.- s  030R
DU, * -W,3 (34) mP3g A 3gedmngt Aqu OegWa DU,G O

34 3H m°PDz ARh "H3§. 3gDA. - s. 3 3U0R G¢g 34 g! 3H G¢ mP

39 A D R Dz I Rf 9 NjRe bmngt Aqt OcgWa s A9 NjR s’ Q0 34
g

, <

g.- s ARg3 Gg¢g g oedYmngt Aqu Oegwa DU,Ggl s 34 3 Ao NjRY
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G edmngt Aqu Oces T 9 NjR s’ Aj ¢ 3H mP3 g 39 A g  LH
,,,,,,,,,,,,,,,,,,,,,,,,, A AwW__HDA
mngt Aqut Oegwa 3 gAqL OcgWa s ART _UljR Ggl_¢gj ¢ 3H 34
iRe dmngt AqL Ocs mPg~ oe
“Lss DAU Al 3 DA mP%g A 39gevmngt Agu OcEs "HB3 U R
NjRe bmngt Aqu OeDau V1 - z3 A ssI R 0. GAKgn3o
4o Uv DDz  ¢§. j o UW DDRT_ s> 03uR 0gl. 3¢W 3DR. UWAAR
0¢g" n3H Ggebdmngt Aqt OcH

«
O
N
u
o O
Z

@)
N
pel
-~
el

3
3 DR 4o 4§ U QSUH]QQLAQL()CE(’}S;&BZAAG?UM 3R Gg T H
jHo 7 g' 3A0 &RG3 5 ¢ oesumngL Aql

RGA' AR DZ _3I R mPg A Dz T Redmngt Aqt OcEg Wa
gDA . - W,3g s 34 30 AG | 3gedmngt Aqu OcegWa ¢
1s 34 31 G g”mngt Aqu OcegWa g1 H-W,g1 Dz ANji ¢3 34 30 AQNjR
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mPg O 3DR_ 31 06 A % DR_ 32 UGPf gf WaADZ 91 mPDz ARh "H3gd
6ELU DRUZZ -W,g! H DR _ T34A  3¢" H3H jycEm3igd |31 i
g6t m39g6ADz DR 0y3 AR St m3H ¢ g6 Et mg 0y3 s AR

34 g" s 35 3 AR 35 ¢g. ¢ HU K3§g. bDZ 0AG mP3g A
3gedmngt Aqu O3l R 35 ¢g. ¢ H K3g. abDZ 0AG mP3g A
3gevmngt Agu Oc3IljR gU33H 35 H mP3g A 3gevmngt AgL Ocg
wa 3R 35 3H mPHU A Dz aDZ ¥ vDz bDZ RG3s™ 0VAQN|R
DU,, =U(x,.Y,.2,)- U(x,.Y,.2.)3 35) mP34 A 3geumngt AqL Ocg Wa

&G 34 ¢g. §g.-s 36 3% AR .- 36 g wWhh g déEis 37 O6A 38 3
AR 36 ¢g. 4gh "H3H 3.9

[N
>.
Pl

gl . DA 35 %3 36 s' Aoedmngt AqL Oc
g Wa 34 s 310 3 ZUR 310 3HeYmngt Agr OecgWa 3% Ggh "H3 g DA

. - Dz
s~ GGV gH ANjizs A 310 gt ¢ U 38 ¢g. 3¢ mPgedmngt Aqt OcE3
iR 310 g!" ¢ U 37 g. 3¢ mPgedmngt Aqt O3l R 310 . ¢.-H

mPU 37 6 R 38 Dz XAGI . ¢ Gg mPDZ AQ NjRM "H3¢g DA, - 3Ij R | DU 3.10
s’ Aoebmngt AqL OxEg! s ARG3ZUZUR GgedYmngt Aqu Oy Dm Njo H

13 AG
W, = ﬁ:(s) (iis3 (3.6)

a=(x,.v..2)3 (37)
b=(x,,¥.2,)3 (38)
F(9) =F(x,y,2)3 (3.9)

U(Xbiybizb)_ U(Xa'ya!za)z_ F:F(S)ms!(wab =_Wab)3 (310)

310 6 R 311 sHi 3uUR g8 " g, K T13¢gjycEm3i 3 j D#u 310 3 311
HW T Dz . 3R 311 3Hedmngt Aqt OcEd RM "H3 s 3U0R0U3H RO3R 310 3
311 ¢ 27 ¢ g DZ 1~ HDD NjoHi ¢] 3 Ao NjR
Fo=- i W, W, (3120 “H3

(L O U A 172

312 06 A 313 s° AQg,.- 36 s

p>2l

X

¢
«

HU .- 36 W 314 Dz 3uUR 314
g. GgK s AR3% 315 g6ADz 3uR
FO=f,0+f,Q+f,&3 (312 "H3

ds=dx®+dyQ+dzck3 (3.13

W = (9 is= {1, O+ £, @+ 1, )+ oy @ + dz )3 (3.4
W= fjbfxc"alx+ i:jbfy C"dy+rjbfzc"dz3 (3.15)

316 §6ADBg 11ns AR3% 315 H 317 Dz 3UR 316 Hj yEEmg X¢ oy

e o

Newton & second law of motion 3 1j ¢ 4 1 3k 13 mPDZz A9 NjR. 3 resultantf orce s .

Dz AQNR 317 ¢ ¢ 4Ams. gW 3 AONRY g3 OAR (g1 .3 317 §g. 3¢
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AnDz 318 g6 ADz 4 ghn s’ AR GgA 312 Hh "H3 3R &G mPDH "H3 3.12
gEU/ AQNRYT §3AR
dv dv dv .
fo=m—=,f, =m—>L, f, =m—=3 (3.16 o3 j g 2 0
c=me i f,=met f =mee3 (316)f Y B md X ¢ y
dv, .. dv. ..
_~Xb x b y )
W = le+ m—=Q@ly + n m—= @iz3 (3.17
Rm g Qv+ g @iz3 (3.17)
:ﬁ” X Goix + éjicaly 3 dVZdj—Zc"alzs (3.19)
X dt dz dt
mPg 1§ 41ms 319 g6ADz AR3 - 318 W 320 Dz 3uR GgA _- 320
g nWW W _ “Lo6R 1 LDz UQ9NjR g AONR 140 ¢ HU Dasi G
vx=%,vy=ﬂ,vz—$3 319) 1 g 1@
dt dt dt

W = §'md, @y, + §°md, Giv, + i} 'ma, Giv,3 (3.20)

Vxa Vya Vza

«

- 320s wWAR3 321 Dz 3UR .- 321 s AR3 322 DDR - 322 §g. H 323
3

Dz 3u0R 324 0O6A 325 s° AR3_- 323 s 6 Dz 3
w=8La e 28 \13m3 0" 8l e 28 3 (321)
2l ytL 8 ‘U,

1 1 1
W 23 m3 (Vb-v )+23 m3 (Vyb Vya)+23 m3 (Vzb- za)3 (322)

W= 22 me (0, +4, +E) - 25 me (v 4, +2)3 (329
V2 =V2 + V2 VA3 (3.24)
V2 =V2 V2 +V243 (3.25)

W=%3 m3 V2 - %3 m3 v23 (3.26)

2 " gjyEEmM3T 3H 327 s XAqu Oc kineticenergy 3a & 327 ¢. HAN m
O6A vy XAQNjR mPg- 0 XAqu Ocs AONR 327 s° A9 326 ¢g. ¢ XA

qt OcgWwa s 328 gl 3 AR% 326 HI 329 3 3UR

K=%3 m3v?3 (327) XAqL O

DK=%3m3v§-%3m3v§3 (328) XAqL Oag Wa

W =DK3 (3.29)

dz g ZHy "H3Dz 0AQ 329s™Hi AG 36¢. ¢g3sh "H3Dz OVADANj3j ¢g3DA§ 3.12
329 37§ sAR3% 330 s™Mi 3uUR 330 guU3s 3 HU the work -energy theorem 3 A

T 3NjR g the work -energy theorem DZAA 0 3.- -Aqu Oxe 3 ZURUG306R 3 H

.- -Aqu Ocec 3A&l(3IDAREE] gE 3|‘UAQ[C=)CEG 3AT3NGO3Ss HU 41 A0 NjR

EE .- -Aqu Oco 330 Hi___ DZAA D AGl g3l R 330 3H mPDZ AQNRAAG
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§34. 34gDA, - U G¢§ mPg o XAqu OxgWa Dz AN; g  oAqu OxegWa 3Gg
Dz AR. 3gDA,. - 3§ _s 3 sAG g 3R g  0AgqL OxgWwa sc¢

gmngt Agqt Ocg Wa Dd Njo Ao NjR

3 0 & 0 b ..
ael—3 m2 28 - 2‘%3 me V2§ = T resuran @13 (3.30) the work -energy theorem
¢ B ¢ % e

34 3 329 s° AR3 331 U 3UR 331 6R 332 Dz Ui A 332 s 333 Dz
g

30RT g3AR 333 He bmngt Agt O3 XAqu Ocdge HHWA AQ NDNji 3 s~ 11 A Nj
R 0gli306Redmngt Aqt O 33 3 XAqu Oc 327 ges0 3A0 334 3 30R]
g3AR 334 W Gg! JgedYmngt Aqt Oces T 0 NjR KDZ R mPDz AR 334 g
I gedmngt Aqu OcH mf3g A 3 TRe”dmngt Aqu OcE3j¢ Dz 1 RF 0
NJRT §3A0AAG3U30R 334 g g XAqu OacH mPg- QO NjRAqL Oc3 Ag 4
AG3U30R

DU, * -W,3 (34) mP3g A 39gedmngt Aqu OegWa DU,G O

DU =-DK3 (3.31)
DU +DK =03 (3.32)
DU +K)=03 (3.33)
U +K =E,(E:const.} (3.34)

310 06 A 329 s° AR3¥ 332 W 335 Dz 3u0R 335 g! s 336 g! §6ADz
u A 336 s 337 §6ADz AR3% 337 ¢g. Dz A
DZA” AQ NjR 337 D#U 334 UA” AQNjR

D 3 RG3ZUNOGR 336 H 3.33

(@)
¢

U(Xbiybizb)_ U(Xa'ya!za)z_ F:F(S)ms!(wab =_Wab)3 (310)
U6 30:2)- Ul voo2) + 855 me 2 - 20 me 28= 03 (339)
C =

i’(xb,yb,zb)%f’ m3 vsg- ;%J(Xa,ya,za)+%3 ms3 ngzos (3.36)
¢ - ¢ +

U(Xbiyb7zb)+%3 m? v =U(Xa,ya,2a)+%3 me v2 = consB (3.37)

.- -Aqu Oco 330 9. §. 3s 338 g6ADz AR 338 ¢. ¢ sh "H3 3 AR
338 ¢g. ¢ sW33a&

Fresultant = Fc + Fex3 (338)

.3 33 s,- -Aqu. Oce 330 g, DZz AR3% 339 U ZUR 339 g!' s 340 ¢

6ADz AR 339 ¢g. s 341 g6ADz wDz mAR

alomev2d - &ome 28 = A +F.,)dis3 (3.39)

¢2 4 ¢2 4 e

DK=%3 m3 v - =3 m3 23 (3.40)
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341 ¢ Hh "H3§ . - 3R Ggh H3¢g.-H 34 g6ADzYmngt AqL Oxg Wa 3.42
Dz 3UR GgesYmngt AqL Oxg Wa 342 s 341 §. DZ WAO 340 s 339 g
D WAR3 343 s 3U0R

= - ., i3 (342)

DK =- DU + , is3 (3.49)

343 HI 344 Dz 3J3UR 344 gU03s37 Aqu Och "H§ Oy alaw of conservation of mechanical
energy 3Aa& j Dz 2 " gjyeEm3T 3H3T Aqt Oc3sHe Umngt Agqt 006 A
XAqL Ocgegli33l R 337 3Hu alOo6A_ bDz mPU" R §gGfgfg3i Aqu. Oc

H AN 3ljRG3s™ 1AR

DU +DK = ff,, Gis3 (344)37 Aqu Och "Hg Oy

338 §. ¢ S5W353ATg UGgl3DAU 342 gedmngt Aqu OcU0 UF o NjR

K Dz "D Ri3s” 0DAQNR 338 g. ¢ H Dz ARW3Dz 3uRI. UlR
g3 AG l¢ Dz ARW3DpNogHT KO6A~ kg gAqL Och "HoyDz AG

S Dz DAG 337  DaW3s 1 RFPR

310 06 A 339 s° AR337 Aqu Oach "H§ Oy 344 H 345 Dz 3JZUR 345 g1
s 346 ! g6ADz AR 346 gl H mP3g A 3 TRedmngt Aqt O3 mP
g1 0 XAqu OxcgegWa 3R 346 9. HW3GDA, - 3R 346 3H mPg 31 A

qt OcgWwa HW3gDA, - Dz ANjliss A 346 V37 Aqu Och "H§ Oy3apf R
& e me v 20 me @8+ (U(y.2)- Ul ¥02) = 3 (349
g a

&J(x,y,z)+%3 M3 v28- 8 (%o, Yor2,) + ;3 m3v20 ﬁ: @s3 (346)37 Aqt O “Hg Oy
¢ s ¢ =

EEE 3 6AR3T Aqu Oxg OEEE

edymngt Aqu OcH g A 3l R Dz | Rf 0 NJRT ¢ 3 g Ag D AG
GgoADZ A D REE KD REER304 mPg X6R AR 4h oAgqL OagW
a4 s AR31T Aqu Och "H§ Oy 346 g! 3R 346 ¢g. H Gg " D2 A9 NjR W3
EE 338 ¢g. ¢ Dz AQliR EEQDA.- 3R Ggo6ADz Dz ARUO337 Gg
W30/ AO6NRA H Kgnzog mPgl ¢ 346 3l R 339 gl . 3H edmngt A
qt Ocg Wa s U AFRh "H3g. 3 EE 338 ¢g. ¢ Dz A0l R EEgDA, - s Dz

A9 NR Ggh "H3g.  3EE e 3IljRhM "H33Ij R EEU/ AR HU mPDZ V3U0R Ggh_
"H3¢§g. 33H GgebYmngt Aqu Oxcs T 9 NjR g Dz e 3IljRh "H3s Ao NjR™ h

"H3 U/ A9 NRUO3s” 0AQNR
F =F, +F.,3 (3.39)

resultant
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als ms 28 - &ls s 8 = ﬁ s3 (3.39)
G2 B G2 W ®

339 g g XAquOcEgWwa H G§. 3 338 U/ AR g Xs" WART §3° 0AR
G 4 X2H Gg s A1AR g A U\/‘va/"&DZNj‘rgg‘ u3uﬁe g 031 G
gedgmngt Aqt Oegwa U DDR s AA0NR ¢ i 30 Ao g A

U Wa A DAj6 A Dz .U XAONRI g3  03uR G¢g D? ARW33 X AR mP3 H
XAqu OcO6Aebmngt Aqgt OcUWAAR 339 g. ¢gh H3¢gDA,_,- H Ggedmng!l
AgL Oxegwa s UER G9¢g S AR - H g UwaAol A U Wa A DA
GIi Dz mP3¢g A 32 TRedmngt Agt OcHWA ADANjG 3s” 0V3UR 341 34g. gh
"H3 DA, - s 345 ¢gh Dxl ./ AQNjR h "H3 U/

Ri%X3 339 DDR lgh "H3 H

0 NjR g X3 .- U 30R , NjDz ugvYuliU ANp "H3U mPDz AQNRUG3Zs”
AR 091 . 3H 347 s 3UREE 347 g. g 1 DopNoH Jg +wg 310 Dz _s
0 EE 347 ¢g. 3H 06 A g.- gh H3HYUUU AG uU 3RV g3 03
47 §. H 348 ¢g. goADzu AG3zU3uR

L b .. b ..
AiF. +F..) s = . i+ ., is3 (3.41)

%3 m3 v2 - ;3 m3 v§8+( (x,y,z)- U(xo,yo,zo)): r’j:ex("msg (3_45)

DU - DU =- , Gis+ ff, (is3 (3.47)

DU - DU = - F, +F,)dis3 (348)

348 §. H 349 ¢g. ¢go6ADzu AlG3U3UR 349 ¢g. 3H mPDZ ARhM "H3 H

3R 033K _ - H 3li? e”dmngt Agu OcegWa H 3R

DU - DU = f{0)is3 (3.49)

edmngt Agqt OcU T R7 0 NjR 34 g A U Wa A DA g XZjR lGgoADz
X3H D2 "H3 U/ Ao NDANj3 U _XAQONRI. g3 030R_34¢., ¢g.- H &Y

mngt Agt OegWwa s ART g3l R .- s AR ol H o 3. s> 0UAON|R
mPU_ 8 R 83 XAQNRUZU-0GZJRI. DA Wl H R & 3 DDOR
K3getdmngt Agt OcgWa U & DA mPg X3H Gg D "H3 U/ Ao NiDNji ¢ %

O30 R mPUW3 3 XARUG33 aRedmngt Aqu OecgWwa UllR GgWa s =)

 DARQg Dz mPDAH "H3 U/ Ao NiDAT g 3 0 34 3 03UR ebdYmngt AgqL Ocg Wa
s ARhM "H3U/ Ao NDANji 3s 0 34 3" 0V30R

DU, * -W,3 (34) mP3g A 3ge”dmngt Aqu OegWwa DU_,gOV

XAqL OegWa Dav GF GAqu O U 339 §. GW3GDA, - 3kiIRFGI¢g3 3u

R Gg 339 §W3gDA, - 3 Gg Dz 33 gt Dz AG XAqu Ocgwa wnUxkiRFT

Gl g3 3UR Gg¢g mP g XAQLOCEgWa s 339 gI 3 AoNR G9¢g gh 031
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Gg s 41AR’ g A UWaART g3~ 0AR (¢  V3H Gg¢ Kg mP DAV3
U/ AQNR GgW33 mPU XAQNRGZs” OVAONR GgW3g X3H G¢ K3edm

ngt Aqu Oegwa U &R Gdedmngt Aqr Ocgwa a0 XAqL OegWa DAV Gf G

193 3U0R G¢g mPg XAqu Oegwa s 339 gil 3 AONR (g XAqu OxgWw

4 D#U 339 §g. Dz AGW3gDA.,- 3ki Rt G XAqu OEgP nl 16 0 34 3 H

339 9. gh "H330 3uReYmngt AgL Oxg Wi 342 s 343 9. Dz 3UR 343
N

G. Ggedmngt AqL OcgWa DAU 343 §! § XAqL OcgWa DA i o NRMS
UR 0gW 3H 343 H 345 Dz 0 AG3U3UR GglU33H 339 s37 Aqu Och "HY

Oy 346 Dz i AU3U3UR

DK =- DU + , is3 (3.49)

339 g g XAqu OcH Gg¢g g XAqu Oxgj s Ao NjR gAqu Och "H
oD Njp U = K3 AQNR
EEEAqL Oc0O6 A, - ¢ 3A0¢  ug EEE

X
[@N[3

37 Aqu Oa" "H§ Oy 346 gl s AR 37 Aqu Oxg Wwa 350 s' A
i

03
Agu Och "H§ Oy 346 H 351 3 3
@is3

¢

"(A)

Do) 52 m v E Bloye)s 32 m iB= .0 (40T Aau 0w g oy
g —_—
DE, =DU +DK3 (350)37 Aqt Ocg Wa

= ﬁ:ex @s3 (35137 AqL Oc" "H§ Oy

37 Aqu Och "H§ Oy 351 g!' H 37 Aqu OcegWa 3l R 37 Aqu Och "H§ Oy 351
g. H D¢ AGW3gDA,- 3l R edmngt Aqt OcgWwa go 34 3% AGo ADz
AgL Ocg *Aog nH .- 4§ A0g 1 3H DR

DU, -W,3 (34 mP3g A 3gevmngt AqL OegWa DU,G 0

37 Aqu Oah "H§ Oy 351 3H .
ANii3s” HWAoONR (g 0yg U A O6A A  3¢gjyceEm3ig 31 R 6

U A O06A A s’ ADANj- 341 AR G¢03DmpNjdH 3 A9 NjR A0
oA A Do NjoH ~ k3 UbDz AQNjR
EEE AN 3gAq. OceDp Njp EEE
344 O6 A 346 3H3T Aqu Och "Hg Oys AG ~ gK3H 3 14AR gAqu Och
"HOy conservation of energy DD Njo Ao NjR U Gg gAqu Oah "Hoys® A9Qod¢§ o6s
AR ' &3D2 gKDAqU Och "HOyDm Njo UDzZ sAG g XAqu OcHj yeEmg X
g U4 ARG3sO DAo a6 AdA jyaeEmg X¢§ oyU4 ADANji3U T RFR
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T 7R GgoADZI V11 GAqu OcEDp N9~ k3H sAG -~ k3H AN 06 A
n 3dAqu 0D Njo  AQNjR A1 34 XAqu OcH j yEEm3i g XAqu Oa
3 H DR 3R GguzH AN Uj ycEm3T ¢g1 ¢3 AN gi g3 DRU33 a
R 41 g 3Aqu OegWwa U DR DDR Ggo6ADAqL Oxcg Wa Dmp Njo H 3
A NjR AqL OegWwa ¢ g Ho X 44 3 30R
" o hAqL Oc3. - work
s> VAR Gg D AQNR3g. 3H X 4 the equation of motion 4.1 g! 3AR
X 4 41 g, DA X mQs A9 NjR X mQs Ao NjRY N 42 W 0 3R
T §3H RDAN] GgoADAN Do Njo i ¢k 3 s A9 NjR
Franar 005 (02) % -
m3 (4.2)
X 4 41 g1 s A9 _ adR. bg XAG g. 3gDA_ - 3R 43 ¢. s

30R 43 g H G¢ g o hAqL OxgWwa s” AR 43 3 Dz AR3¢g. 3 41
gDA . - H Gg¢ g  ohAqL OcegWa Dz ANjli3s AONR 43 ¢g. ¢g.- H 41
g. 30U/ AQNjR U adR., bé3 XAO0NRUIZS AgNjR GgoADZ ¢ X3H G
g g  ohAqu OxegWa s 43 ¢g. g.- Dz ANji ¢3 Ao NjR

o) ..
DEp = I;]Fresultangms3 (43)

X, 4 41 gn DA " "H3 U UfF ONJRT . 7" 030R h "H3DZAAQ Hie Ymngt AqL O
&sV AG Ggedmngt Aqu OcgWa DzxuU Ggh "H3gDA_ - s~ VAGYD 34 sl G
DU, * -W,3 (34)

13  0OAR 44 g, Dz AG 45 H Gg Dz ARMN3ogh "H
03H Gg Dz AQNjRM "H3gH HUOIT DANji §3AR

(A<
X»

o ¢

34 s 44 3
33 RT g3 VAR

Cx

b ..
DU, = - [ @s3 (4.4)

F,3 (45 "H3
44 s 46 Dz u A 46 g!' §g.- H 43 §. §.- §i s ZURT §3AR eum
ngt Aqu OegWwa 3 Gg g Xsh "H3 45 DA, - 46 g6 ADz 3JuR

b .
fFs @s=-DU,,,3 (4.6)

iab

Gg6ADZI . 3HI 41 g! H 47 3 3UR 47 ¢g. ¢ H Dz AR_. 3 47 8R
47 §. § 45 s AENjG3s™ 1 AR D¢ AR_. 3 47 s 43 ¢§g. D7 WAR3 48

DDR 48 W 49 g6ADz 3uR
Fresultant F +F 3 (47)

DE, = {yF, +F. ) @s3 (48)
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R N
DE, = ffF; Gis+ fyF,; @is3 (4.9)
49 ¢g. ¢ Dz 46 §. s HWAR3 410 s 30R 410 g, D#M "H3 45 DZAAD

0 AGedmngt AgqL OegWwa s AoNR Ggius3 3HJ 410 ¢" ghAqL OegWa H
44 gebYmngt AgL OegWa s Ao AR 3

DE, =, Gis- DU,,3 (4.10)

0goADZ 410 §. ¢gedYmngt Agr Oegwa H Dz AQNjRM "H3gH ngid T RUGS

US0R Gg Dz#U Gigf gh H3DAAGeYmngt Aqt Oesv AR G371 p d [|F3EE(]

L3Hr "H3 3R EEU H AQNRDRpP Gigigd [3DzYmngt Aqt Oceso AR Gg

"4 0ohAqL OEgWa 43 g! R D ARM H3§DA. - 46 geomnglL AqL Oc

gWwa '3 u AG 410 g. goADz 3ZuR g R 56 A Do Njo g AqL OEgh
glisH -~ KO6A k3 Ao NjR

41 sj yaEeBEmg X 4 411 Dz VAR3 43 3H 412 s 30

HU XAqL OcgWa s AOgNR GUG3 412 ¢ s 410 goADz A9 413 s VAR
413 §g. 3H eYmngt Aqu OcgWwa s AoNR 413 g!" Dz AG XAqu OcgW
a& H 413 g, Dz AGedmngt Aqt Oxgwa 34 s s1 § NjR

I:resultantz m(.%’(mzconsﬂs (41])j Y CEE ”]Q X 4

b
DK p l';‘i:resultanmS:-3 (4 12)

DK, = i, G- DU,,,3 (4.19)

iab

@ 836 GoADz  g.- 43 W g oPAqLOxgwa s AONR 04 3R
3A0 3UR fAs 3A040Q0NR _Gg Dz T Rf 9 NjRe bmngt AqL Ocg Wa
H GQSHmrLglAqléczsu

AGh "H3 45 ¢gDA. - 46 s AR Gg¢g. - 46 3 H
Gg ¢ Xs AoONR Gg 4 X3 AR _3gDA. - H G§ 3Ao4TR___gh o
hAqL OcgWwa 43 Do Njp  30R

b

I:]Ep = l'::i:resultanms3 (43)

iab

b .
fFs @s=-DU,,,3 (4.6)

edmngt Aqgut OcH g A 3l R Dz 1| Rf 0 NJRT ¢ 3 30 AG GgoADz
A D REE KDZ REE g XO0R AR, - 46 3R . - 46 gh H3H 46
g gedmngt Aqur OegWwa s0O 3UR h "H3g DA, - 46 H EE 3DANj EE

Kg U XARG33 ~EE 3R EEG ohAqLOcgWa 43 DoNo sAR Gg

3R H n3o0g 3$A0 43 ¢ T 3U0RG3s” VAONR . 3 47 gDA, - 4.3
W G§ ¢ ohhqu OegWa 43 s 30R GgU30R GGoADZYmngL AqL Ocd
Wa 44 H 47 DA, - 43 4j s 414 3 AR

26



ALIFE COM.

- &) 2007
DU, =~ s Clis3 (4.4)
Frocan = F +F4 3 (4.7)
fj:,esu“an@is= @b:, Qis+ f;]b:d (dis3 (4.14)

i yeEmg X 43K Gg D AR.3s AgNR O “Dbz T 3% Tgi gDz
HU Dz AR3s ARY §3> "HAO NjRYT gUIj OG Dz AR3gdO6FL g eU_3gdb
EL 3R (igoADz D/ AR3H Gg Dz AR. 33H DR
Fresu.taFmddj%(Wconst)S (410j y cEmg x 4

X 4 41w AN 3nsmnytsmp U° AGjycEmg X d4¢ 3R X

4 41 g1 W 3R jyeEmg X 4 411 gAvn H 0 3R N8mnyt
gmp U° AGjyeEmg X 431 Dz AR 3s ARIg3IR
Fronar 005 (02) % -

g o hAgqL OcO06 AW 3DRAN D NjoHU ~ k3 Ao NR W 3DRAYN 3¢ Y
mngt Agr Ocg _DoNjo1~ k3 Aol R g o hAqL OxegWa 0Ob6A Dz AR
.3¢gDA. - ¢ _1° k3 Aol R

50 3 0

g P30 h "H33eUmngt Agu OcEDp Njd AG ' EE ' EE3H 3 gedmng
t Aqu Oces’ A9 edmngt AqL OcEs AR (g edmngt Aqu O3 H

T g8t mg Oys’ Qoebdmngt AqL Ocs AR edmngt Aqu O _ s
O AR3ZuUDZ’ AR DZ 3R

edmngt AqL OcEH g 3g j DaA|3Ao AR 1 g Gedmng!t
Agqu OaEgliszss E ¢ T 3Hedmngt 3AT3NRI g1 1jOG &G ' Dz AR e
gmngt Aqu Oegli3se g 1 3H ¢ o Aqu O&3aT3INRI gl R 4d ¢

T "H3H ebdYmngt 3. Aqu Oacs DRY §3A01AI3UIR g 3. Aqu O
E3HAPAaDz edmngt Aqu Oc3A0o jAQIR

3 H edmngt AqL OcEs electrostatic potential energy 3 AR g " 83g¢g
g I "H5H 35 edmngt Aqu OEs 3ae&e s5 AgL OcEs 3a&@l g1 iR 5
AgqtL Ocs 3 AoAe A3 euUmngt Aqu Oc3ljRT g6 hAqL OcEDf 6 |j RNjHI ¢ g A
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appendix

310 3RgebUmngt AqL OcEg ¥ 311 6Rgh "H3 Do Njd
all g6ADz s AR al1 ¢ HU Tgn EEORAJAmME gradient EEg . 3| R.

DHi 3of nabla 3Apf OR AdAmE gradient Dz ANji § 31j R 39 3 DHidelOb
A atled 3T Ap? 0 NjJR atled Hudeltas ¢ %3 AoNR all s’ AR3 311 H al2 3
R edmngt AqL O

30R. 311 |j RNjU al1l2 ¢ HU ' EE g ' EEJ A

3 24 g" ¢339 S AR2 G I 21 EE

¢ '3 AR

[T¢
[T¢
¢

i A&

(
¢

grad=-i+ 2 j+ K (grad=b,grad: gradient : nabla)3 (a.1.)
Xy ez
Fo=- i W, W, (3.12)
Xy 2
F=- & =-gradu3 (a.1.2
F=qg3E3 (24)
F N
ErZ X (q. 03 (21
"N q. o o)
2" ¢ g4 DZ 1~ H3H al3 3. AqiL Ocs T ARUGZIDDR (g 1 3JH
al3 ¢ U Aqu Ocs AR ¢H DDORT §3EDA Ui gH HU al4 Dz A6 ADz
7

0 DDR al3 3. AquOcHi H Jgov DHQoI U DRO3ZUV
U (%) ¥612,) =~ ff(s) Qis+U(x,,,,2)3 (1.3

U(x,,y,.z,)=consB (a.1.4

311 s AR. ¢ s. Aqu O3 TRG3U 2" ¢ g T~ "H3 Hj 3R
1493 H 1A NR égeSASBM segmngt AqL O
Ge”dmngt Aqu Oce3Hu DR 1 DDR nl |jiR

F(9) =- —i-—=j- =k3 (311
[ VA 17
311 3 H 06 A A Do Nog Dz s  AONDMNi 34T R 311 s al3 Dz
ANji ¢ 3° OARDRpP al3 3H Kg g A DZ Dmd Njo Dz s Ao NjDAN] a.l3
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