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cos X =1 &#8211; frac{x"2}H{2!} + frac{x 4 }{4!} &#8211; dots

sin X = X &#8211; frac{xA3H3!} + frac{x 55!} &#8211; dots
AR I GRS (a1 T I5RT 4RI AW -9 A0S Figiaes A i A0 fem | g i2 = -9, = —i,it = 5,4° =4
eMix} =1 +ix &#8211; frac{x"2H2!} &#8211; ifrac{x"3}{3!} + frac{x 4 {4!} + ifrac{x 55!} &#8211; dots

I @ FHF S ARV FACO2 O (6T SN ST s

€'’ = cosz + isinx

O3 93 AMFACT @1 RO & = pi GIGTW (Sbr0Cire) I3 706 (73 WiIfers:
et = cospi + isinpi = —1 4 i(0) = —1
T ATF S (19! FACET2 AR 213 (72 A Fiol:

P +1=0

©. GO TASCE Foi 9% YA (HIAFBIN JEFl

Gf5e TS IR ALUFCE elthets T et Farg o el (7% (STRM6( qied FIBE [Roide Wi theta @0 GR0T (ST | T4 theta = pi, O
HIGE AV SCHRT OB (@41 Gl syo ffd gra 5 —o-a e cofigm |

@3 o (e oiferea c4a 7 @ e AmiiReEIcR 7 S

o (FIIFGI Tafamsl: b (FRIBIN St wiRxw SN A AHfFfSe 7 @3 Gibet gofta N psi(t) = psi(0)e EH/Mar | fyfoq o1 o
sfesia smfa @2 Sifbe weiia gof (Aes R =7 |

o Sfe AT © TS AfFITacl: THREDL T (AC), SGe-(GIPE S5 AR TG P G (FFT)-a S Jodr woled Tel
g STRET @ ¢ fase afde tefy w13 wves e |

SREACE A SRR 1 SR (M (@, Ao AATS R SO (21fIe 0T 9T 77w Moo (@l € Ihease Gy |

¢

SIECHA: M, AT (2026) | "SEEAEH AT — Al Cfere &eacaa QRceRmy NfASH THgR" | Gl 7T (TS TNFIPTHE, 4G 8 | https.//shakilmahmud.com/bn/great-
equations-part-04-euler-identity-complex-plane-bn/
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SIS 2ifafie e — @1 F1$ @ grae fegeaim sies

ST A AT — [T IS 3 ST TGS QIS

ST RFLY

foqa: oo WWWW@WW(}#{U = frac{1}{sigmasqrt{2pi}} er{-frac{(x-mu )} 2sigma}}$) | It [Pl AEEIT NTSTofoD WWWWG (@G ST ST
ORI FISIT @QIfAe [gfer Qqamslae REife 9@ e TIeIA 9t I@@UR 7 (@31

S50 JER S TIEIR TomIT cemfeiieaH gy Pty 38 ARmeE as wee, Wkl S g sfoRiE s s | ot & wme e
g 2w amle— GiReT (Ceres) | 78 W@ 80 O 217 JHCAE GIFl AATT (It Feder =07 I=71 (78 JOof IRl T0E AN @ @ ooyl orftamse
U frder e R el Tl (amfSReaitDe TR I8 (SRR | {5 ©4=8 RT9Its ST <8 T2 I3 SN sifevefam e fErefemt et | @b
©g (Theory of Errors) &3¢ @& wige wbl-aighed silieae <me S S (M0 AR N FHoAY @3 TGN 2199+ T (T,
cofsifeamal m=rwe gReT Mg 3 ffaw SareR ey G e 0 M | ST o8 WReeaE e @@y & sifires ik
SO Mg AAffRre 1 ST =31t (Normal Distribution )—1 REeeR (To7 (AT SRIen1fSs *e/aa o (77 |

S, ANFACENT A Hq0g: (T IS HAT]

e SfRfeRw i 5516 X simmatheal N (mu, sigma®)-9% ST8IR5e] €5 W2 (Probability Density Function i PDF) 18q 5i251< Sl =1
S (—infty, infty) MUSe S STGCER N0 TReEfEe =2

f(x) = frac{1 {sigma sqrt{2pi}} expleft( -frac{(x &#8211; mu)*2}{2sigma’2} right)

92 ST feb ANffsT o @ &as oFfs, TIfifs © TERAR 9T ToiF AEfS 4T FF:

o 1 (AREE 561%F): VT ACHA T (LRI AIHAS oo, sAfTesia [yfe 1 wres w9 |

e mu (38 3 wRFA YFIS): RTIeR sawm J e WM (mathbbE[X] = mu) | T61-S1Feq efens I@@eiita T pol SRgH I
5% 2 = mu IS, @I 239 S98S 475 28 f/(mu) = 01

* sigma (2IffSe TIYN A cFet AATS): Totres (RS a1 o ofmst | T@=te S ofiasa RveE (Inflection Points)—@4A
Terel 6 i (0 \@9itad e (IS (—S8 A S 3% 2 = mupmsigma [Rrs, @A S w@as 275: f&#8221;(mu pm sigma)
=01

o IO W expleft(—frac(z — mu)?2sigmaright): TSR FSI FH o © G S| T (AF FACLA 0o T 5% [gsfs
GG SEEATRASTAR TR AFS-T5RT 2 AR =T TN ST |
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I I (WIT SRFIITIR

. M *R M
shakil MR UG e s TER TSI GPEAH

o gfiteast W4T fraclsigmasqri2pi: WFve T @ NG TYRF Terced TN A oA F 5F 5 2= z'ntﬂmftynftyf(m),da: =11
YRR G0 0@ Jred SHifNes & pi-97 TEIR fa-Tfas 2SO Fa gof afSoess @ wroiflq i |
R. SATSHAIT FANIFETN: AR (S pi (TN HNTH?

RTETeg Swrew Tdl e 20El: G0 e AR 8 W WS pi, NLad Swol 621 THad oAfTw1or Sod qq PO e FI? @9 T
e Feace SfEm @ ez wifigs tae s safers |

nftye = da | AT e 7 -97 @I W Fersifery af-esreqs 13| o2 wwal @8 3Fbermta a5 Fea

T SIS PG =Gl I = int! 5,
FSAN fe-wfas ote [eava a7

I’ = left(int’;inftynftye””2 deright)left(int’

—? . . i . i (242
Linprynftye ™ dyright) = int_;, . nftyint’ ., nftye =) de, dy

g ARG e (@ 1) = e CoETRIT A (T eifSw, iR SIS TR (2, y) (A (TR TR (1, theta)-Q THATT T CFaet SA
R dz,dy = r,dr,dtheta:

I? = int}V dthetaintin ftyre ™, dr

e BTG @ oef g8 o T S ind M dtheta = 2pi | S WA B efemom @S u = 2 (du = 2r, dr) T T
STRIECIS:

int_0Minfty r eM{-rA2} dr = frac{1H2} int_0/infty eArM{-u} du = frac{1 {2} left[ -eA{-u} right]_07infty = frac{1H2}(0 &#8211; (-1)) =
frac{1H2}

o3, I? = 2picdot fracl2 = pi, T &N FCL:

I = intii"ftynfty6712 dr = sqrtpl
{5 1T o7 WCw gofT SR 20 AGRAIR Soad T pi-a9 SoifRfed srelq Fiwet |

. (TR JAs Sooiws (Central Limit Theorem)

(1 SPTOTS T NI RGO FHIFI? O3 T@d (7 Sbr50 ST PICICE-SEN eI TF eiTe (FE N1 $949iws (CLT) |
Sopomss qcet: T (I <1 (A FAT @ el A6 (1.i.d.) O e Xy, X, dots, X, FRaAT | T AR TAN G ma @ T (SnI
sigma? ICAY, O FEFSTER To (51T (T2 (2 | (FA—SIAF T G ntoin fy 0o @16 sl sififie [eses wviefs ==

Z_n = frac{sum_{i=1}*n X_i &#8211; nmu}{sigma sqrt{n}} xrightarrow{d} mathcal{N}(0, 1)

aft epfen sfaw SR e 79 | 47 @I MEFECHHRE T4 SR A Fp SYIFHOF QAN O FRE—SL OIE 910
el ffercar forea o o frdfs webie siesl s q@saat |

8. wyfas e ¢ egfeste et

o oAfeenivg Iefamsl @ SIoIal: (o FIF TSI S AT AT Tefor [yt [ AT [Re5sT &y S | JoTe @Il S
SI9NIE] | O WYRBTAIR MO @1 [psfoa siifRsrs comsi |

o e gfawel e oot wfe: ot Feam (hema e eom Wi cofirs Es s meEre=m (Xavier/He initialization) I<=e =1
TS (AfSTErs GRemF 31 Sy efszs w1 =T

o (IIAFGIN @ WITAF STHIET: FFIE-CHITT NCSC (<1 ISR 675 Ao 93 qrefa 2 nest afem R st w1 21|
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[

STZCHIAT: M=, *NRT (2026) | "GN S [T — (757 IS @ Geeras gl ez | @i 70 (r&sl STPFPTE, ¥ ¢ | https://shakilmahmud.com/bn/great-
equations-part-05-normal-distribution-bell-curve-bn/
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I INA (3T TRASIPTR

. M *R M
Shakil I\ﬁgﬂ%ué\w %seﬁ?&ﬁRﬁonoggﬁggH

©A5% ANSAY — AIACAEE I, AN © AR_R oFaq

7 TGS — AT 7, AL 3 WIIfo2A (G

ST RFLY

foq v fo@ & o @ TA@ER 0707 TNGIY ($fraclpartial’ u}partial 1} = v* nabla’ u8) | BT 3 BT VLT 70T STBIfT@ AT 7137 ©I57 97 OIFIIAT It ATRIGL OIGI T
QPG IEETAI ST QIIo2A OI07 GG 271

OB @ I SRR SItd WIeaT e 7. 51 T | BB St @oid T (B0 26Tt @15 @gely 51w R06 M @R IS To-+1g VLA N5 e
IR FICT VYT K ROTR &1 (AT | 598 A w157 Fefamsifiem & @ & Wiel@d (Jean le Rond d’Alembert) & GNfes &% Qelcem: GG
T O 5 (I FAAE NS T (N 50e7? OF SRIead Wy MEE WK SR el ik g sieer (Partial Differential
Equation) & (1% a5y Tiwqe (The Wave Equation) | IMRITES SIF, S9ER AN, G0 % (A € F0d GoABH1e TG A5
T AR (FRAFBI oI SR N2 TS AR A2 ANFAC ZN JO5H© |

. ARNFACHT 2ATI0T: FIteTa g @ FIF Ipola e

9-NifgF B e o575 FNFD @I SaEa 71 768 u(z, t)-93 NI CATF O APTHE IR ACHTF Sy TS A 7ifFe
FE:

fracpartial*upartialt® = v? fracpartial*upartiale?

fa-fass B RFa% TrefSmm @oEsa nabla® = fracpartial’partialz® + fracpartial®partialy® + fracpartial®partialz® &=TER TLFTI
SRS o 419 B

fracpartial*upartialt® = v*nabla®u

a3 TR TN @ Reaasa dFoss STo7 e FE: FNCIT ACATT (@I g gaot g Rt siftiacia e awea mgenfes |

o w(mathbfz,t) (AN CFQ): t TN mathbfz B S KB | ST CFL@ @b TeTg T79; =T (F@ AR G102 [R5 Deltap; W=
CFCq ©f%e @ (57T (FCad T mathbf E @ mathbfB |

*  fracpartial?upartialt? (TVCIF AICATT §I): (FIH| Y F© To 190 3% ©fF 2feq e 24 |
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* nabla®u (B IGel A i) R T 93 i i o= st SRR »1% it G Feb! Spre A fpre Ttz | o
(I GO Tgeo] ANIF ST AT I SIS CHH e gael (7t |

o o (SACHA SAfSTAN): MTHF W5 Wew SH0or =i FAISTER TN 5ifSrot: BRBF Siad GFea v = sqrtT /mu (A T 2 BF @R mu 2
GFF AT ©F) |

&. 6w oifSag (At TNFaeioa afssim=

TEIRE SO G2 T (e ©f JATS G HIHBH O Sfe-F7 1%l da [R5 S (z (W & + da 71K9), 9 &S 95 Mea 88 mu 92 5
T | &3 5% SR0*IE O dm = mu, dz |

I &1 -4 B FIS B Il thetar-a, 9R G &B & + dz-a @I thetay-a | & RECIR G5 2] IR SARRNSTA 20A1:

F,(z) = —Tsinthetaiapprox — Tleft. fracpartialupartialzright|,

Fy(z + dz) = TsinthetasapprozTlieft.fracpartialupartialzright|sdz

S[O4T, 98 F SRR @97 oY@ (N6 SeT¥ e d F, RC| 98 &ICSH BICAS ({C1o=eet:

dF_y = T left( left. frac{partial u{partial x} right |_{x + dx} &#8211; left. frac{partial u{partial x} right|_x right) =T
frac{partial*2 u{partial xA2} dx

fSbCa faSla J@pTed, o4& I = O times 999 (dF, = (mu, dz) fracpartial’*upartialt?):
T fracpartial*upartialz’*de = mudz fracpartial>upartialt®
TS A (U T M daz IO FCF 9% SAC SR v = sqrt T /mu I 1S TR SR 45-NGF ©F57 ARG

fracpartial*upartialt® = v? fracpartial*upartiale?

. Wis(tacad sIfSRet o5 g

TRRE @3 TR Tt T 3fo Tg 56 IREE FEA: Xi = X &#8211; vt @R eta = z + vt | @ N TN @ @S e wea
Fonee =

fracpartial*upartialzipartialeta = 0

G LIS TN AL
u(x, t) = f(x &#8211; vt) + g(x + vt)

9 S Sle s 7Cel: TRIRCIT @I 025 o7 35 RAAeY A T 0571 MR | f(x &#8211; vt) FoARIITONI TS v ifSTAT! F0B Bel &%,
R g(z + vt) IANCE LR S5 | G31 T4 SR A1 effowiae 27, o2 (ofF 27 Joisre %7 2% (Standing Wave), T 0 3511 1 (TotE

TR |

8. WIS, TTAIBACII @ (FIABIN IAWIIT S5
o TSI [AuFe-(BIARIT SF5: Sbb ¢ HACE (ST FIF HIHSTIA (A (T ST @ (517 (v *[75 MTH A RER [Q-Nfas o057 w29l

N 5T nabla’mathbfE = fraclc® fracpartial>mathbf Epartialt® | QN (32 g¥ifee 20 (T @ JoTo OF &8FE [gpe-Gradn
o |
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o gE>Nwsl (Seismology): SRR 5 A g ey @iEwfy (P) ¥k ey (S) o35 adifze =, 7 ofSwast oifistst Fea Ream
/A7 o%e I (IR T A |
o TR (BN TATI1: S5 T QS (@NfEHIHT O AN YT (PRGN SR TGIFS| SACHS FAFAAT 61 |

G WY, AT (2026) | "SF FABE — A I, AT @ QIR (g | @I 90T (RG] TABIAZ, %S © | hitps.//shakilmahmud.com/bn/great-
equations-part-06-wave-equation-dalembert-bn/
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T FNTT — RIS Rz Jaa Iefidics [Rerew

PIIAIT FHTT — NNPYE [F3% @I I oo [qore

ST RFLY

(€)= [ flx)e™ >

foq a: foa PRI FHNTA (Sharlfi(xi) = int_{-infiy}rinfiy fix) eM-2pi i x xi} dxS) | (SOTE PIRANGT QTHITRT Ssteilg: NeHfACIT QB S5 TAF I ORI SANE 93 187
3 (@I FHET AN FFON [T Sl FFT

$b09 I FHIT sifelin @ @esiiferce ferers G-aeifss (e $fiama (Jean-Baptiste Joseph Fourier) sifRt= Spieefy o< JCAHT @6
NI ST T T SFA Qs Fcer 5aw e @ ot o o | SRR wif] Faw: FRee7 @i sifafes 1o a1 awsme—o,
JOE Y, T 71 RIRA (2 7 (TN [T A S (IR O GG TG [RONT G ] G| SLFA @A s
(O3 eflallg @9 PICIE-TI3N T2 @3 LIFEIE S8 I0e eeyfe Searce | g 3o e ey giames 7 ke | aesa gt
Ffe9 F91eF (The Fourier Transform) = fEf&bie sroyeid 1o fofe: @2 siieael grel Sirea< $51900, MP3 oI, JPEG &, aseie=2 w5
R HIRS-fE (RIBE (AT (FICIDE TSI 70! 1 |

. ANFACeT [T : T3 (ATF FACHT fiANce Tiaql

fifon PR HAE ANCA | B (BTN B GG FUPS f(£)-(F Ol ST St F=o10za (AT hat f (1) FoeHo S
hatf(zi) = int’;mftynftyf(t)e’mmt, dt
QR (I o5 7 R Roife S T T (1R FI1F I (AT @iiet Wi SRFSTE 9molda 41 T

ft) = inti,inf,,ynftyhatf(xi)ewi’”it, dzi

93 TN &folb Tl @ 17 slifdfo MFred A6l Ia7 F(E:

o F(t) (STCTF ALCFS): AL AR ARG #1971 ©2%%, MBS ICHIAA (@He 1 AoAG1 S |

o zi (FONF): WG (textHz) 9FF ood Afe BT Tl A T AT | (FIAF F9MF (omega = 2pixi) B N
hat f(omega) = intf(t)e mestdt | PN
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I I (WIT SRFIITIR

. M *R M
shakil MR UG e s TER TSI GPEAH

o e iirit (GifeT JoRT FITHA): TTARF 0@ NECH eA{-2pi i xi t} = cos(2pi xi t) &#8211; i sin(2pi xi 1) | @6 FF© f(t)-& @i
TS A3 JUed BIRMCE xi TR (ot o |

o hatf(zi) (IR RS): 93 @bt 702w | @3 o= W |hat f(zi)| W S @ [E Sz < 91 [SE, 992 99 @9 R e oF
(=R | T Z9JD TFCOF (TO(F 2 FE R U, $47 (16101 Jred RS aFATH JGgs 202 SFH [KHIE 54135 f2 F |

%. siifeifes caf#1Es: e ¥eF A7t Aewifere

o FITAR AGToI TSI FHCIR FNCIATTF (I FIHAG I 1 T GoNCS (T I MG @ 1 STgers:
mathcal Fleft fracdfdtright = (2piizi), hat f(xi)

93 R GG 191 T2RIE ) SF5 TN TR Solte WS T=rer S F21 T |

o TCIETE* ©o9iW5 (Convolution Theorem): 5% Gifbe Fwred Al fwe J FACSFEH FRAF (SR Worg 77 [imfefes
et sAfiers =

mathcal F' f x g = hat f(zi)cdothatg(zi)

4t sy afbe e, Traer e 93k B9 RebifReeE e |
* ARTASICER #I S FTHOANeTO!: AN SR (NG IS “Ifes TR T e (W6 =feea s

inti,inftynfty|f(t)\2, dt = inti,inftynfty|hatf(zi)|2, dxi

0. AAFS 8 (FIAFBICNT Sf=o3rel e

OB IMFACES T 6 A3 A T 8 TR oo AxRs 20 21a? SR Resmer ene 302 aft S | AN @I @il TR T8 @
TS TR (T RO *19), TR (SITHIC O FHS {817 00 &f#1 T390 20 2180 (sigmaycdotsigmayige fracldpi) |

5539 e FRGRIC @FEIO™ afesmel [fS (Deltazcdot Deltapgehbar /2) @I TES SNRFS! 09— I TLZA 8 SAECIT TLFE
TR ForeEas (e sifafes &« |

8. I Fiaana Giores (FFT): SYfRa oo spiasifavs

N SRETE (T HTHCHH Oy SIS FIEAR oG 90w Fa00 O(N?) HIToIR 219 SITaIe 2091 | 5506 A Fiet @ §iF (Cooley and Tukey) $BRA
FE FHHG AR G (FET )™, 11 2o GifbeTend O(Nlogs N)-a S0 9t | @2 @6 aniesifimise [ernea s @rer [eae-5Ro 28hes
R, Qe i g Rfabe oigee (hews v w89 2z |

STISCHH: NIZHT, N (2026) | "SRG FAET — N2HE [Fes Joa7 99700 [Forem” | @ I90eT (rSw TNFI9TYZ, 4G 4 | https.//shakilmahmud.com/bn/great-
equations-part-07-fourier-transform-frequencies-bn/
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fSTR-CBIE ANFa — @712 sifsiiwsl, Bife™ @ e T=FRs
TSI EIST STNBIY — 3121 1777, BIGIersT 3 (YT wardrar

ST RFLY

The Navier—Stokes Equations
SV + u Vusttf

e = pUL [ 1

Claude-Louis Navier (1822) George Gabriel Stokes (1845) Nonlinear Advection & Vist he Millennium Problem

foqv: fog AfSTIE @IET TGV (Srho (partial_t mathbfiu} + mathbfiujcdotnablamathbfin}) = -nabla p + munabla’mathbfiu} + mathbf{f}$) | WY AI6ETV g9 T2 571G TFYF
STeTNOI VLT 703 X115 FiTe 3120 [y GIF 3 BIgierest Fiialae Fd1

3 5 21 iR BT T rad g 5eal fce e caRifes (g e S | @i S0 3f2e (1l STy GFN S, JRE FICHK AR WSS @
s’ (Laminar) | SRoR S=41e, (372 *I1% BE(6 (91 Faw 20 O (7F gofiarse o116, BITers «fS «ak Rejeet @931 (1w (Turbulence) |
Sbiy AE TR AR (FM-93 o @R swee A &= sifdrefm s ot siifdcs Goiest N8R fovfars Arm o3& @ I Tl
AfEe FEm | oW w eR) sfsfmie @y TAe: @fSHIE-coiew TN (The Navier-Stokes Equations) | SIei&d Joaifs @ifii
TR TF#11, ST (IRT S2ee) 5, TMIONGT TR W& W T6 F26EH G gRed ofem—<iegs kv 2 98 FNF 71 | 91206 72
o[ o178 A (F WIRNGH ZAP6HCed I NI TR = Sefamms ekt sfeiv) Trens oo Fe AEW (T @3 FRFICER AN 6
foa=eleT 3 AR, MfE TS ANCH © S [ewife 21 |

S, ANFACENT A0 g: SIeT NLITIF S5 NSHLd I

IRCFEAE (Incompressible) RS SAteTd Gy (G N1 A1 TRe AfSTICR IS, IR T rho GIR AEGS! mu, ISHR-CHRITR S
NG (OB TR SR et e =

rholeft(fracpartialmathbfupartialt + (mathbfucdotnabla)mathbfuright) = —nablap + munabla*mathbfu + mathbf f
GIR T(EF TRTFNAOII S
nablacdotmathbfu = 0

92 935 (SFF TR T MSbCad fgord 6@ mathbfF = mmathb fa-93 QR0 &2 F91:

o rho (2912 TY): &fS O WSl ©F, T oo YNH| Al F |
*  fracpartialmathbfupartialt (BN gaoY): THHICR @101 FHR BT 2139 @09 OIeHes oAfd |
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I I (WIT SRFIITIR

. M *R M
shakil MR UG e s TER TSI GPEAH

e (mathbfucdotnabla)mathbfu (9fE6e= gast qQl Advective Term): el @ SR T sifeiemi& | &2 fee exifzs 2w @m @
T AT FE @ @9t oy | @ft wlieszeifber Tw-fefme a1 @ st o |

e _nablap (ST FSAIG! I&T): ST | SIS 7| SIS TR (AF FNFEI9 TR i «ifs =7 |

* munabla®*mathbfu (Y RB\IF Al Viscous Dissipation): Sreredie Wl g5 | @t eItz S1F FOISTES T I @R sife=fests
I TS I T T (|

o mathbf f (3BT oFq I7): TRSFH &1 (rhomathbf g) A HRTT gofete @@ifRefim &

&, SAMINN SrGa: SrHETIR I G gty

ST AN AT (& (@O B TSI AEF? (9T @917 TS (s 0w el Tl (qei= Rl e 28 @wadiE 9%/o, Wk (Bl (S0 Fa19
0T 5T GRS 91 T NG AH S |

JZ-5F (53 e ST FACE (I & NeT Ot TR ANEF G fracDmathb fuDt 7o @t Roe 03 Tm:
fracDmathbfuDt = fracpartialmathbfupartialt + (mathbfucdotnabla)mathbfu

@Y @1 mathb fu Fre3 s @o” St F ((mathbfucdotnabla)mathbfu), ©12 FRF24(T Sibere w@d (Nonlinear) | e IS gidfeste
oTe Fu giefrs @3 © WRe Fu gRite Feirefie aw wmresifes bR 7 s |

©. @IS ALL: el I AHold V2T

Shbo N TN (@ (A (7 @413 BfFe (Laminar) A< =1 R¥ee (Turbulent) 203 853, ©l Fifis 70 @3 qa W@ wwsirs =l

Re = fracrhoULmu = fractextSrooidettertAT QoI

o AR @weEs A (Relll): STe 92 o{ta1 oifS fRaraier 31 | s11fAcs sfror b1 FRAGRER oy o1f (= < N53 Woet |
o B @y Tl (Re &gt; 4000): Toe| STHel “71fers 7 | Bfie @3z (ore Ff2 =8 I g 776w (Kdrmdn vortex street) @ $1d

B |
8. 93 ffere Tetitas Neafmm gqees

£000 E (F WRHH 2AHHEs EfGHTR-CoRFT SNFNE N o2 Ao e TS sMfifes T 3 el T @3z 97 eFieeR
TS 50 T Telld FBR @R FCE | &G 2 QI IV AT TP SR (W BF FAE AGHR-COII ANSACHR TN & oeer spel
A, T S ATDEC FrICet S5 e giof e et 2 Siepenfaf tofd weaca? waefs wens @8 w207 Sed et = |

SR AT, #NFT (2026) | "CHISHI-CBI0 Tl — &3] A7), Gigterr @ R sz | Sl T70eT (@3] FAPTPITE, 48 b |
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THE GREAT EQUATIONS SERIES - PART 09

M i AT\

Maxwell's Equations of Electrodynamics

oJ + po €0 OFE/Ot

James Clerk Maxwell (1865) Electromagnetic Unification Displacement Current Transverse Wave Propagation

foaa: o MIEORETa [R778- I STASIINIE | [T WL I 3 (515 (%q HT17 TINT 370 2 QNI AST® ($c = 1fsqrefmu_0 varepsilon_0)$) [THI8- GITERT
OIS NRIBI AME (R [778, 57 3 QAT GF1G0 FHIU|

SHYO-AF MALHT WECS EoH smReel (T FIF WerE [fye ¢ paid [k Yt M o qiRsite Fuae: Fecad e ofve S,
FPRIET SfSeAR OIER PR (BIRF CFad O 3R WSS Afene pae =l [y Sesime | @2 Ja@t@R W& 936 3g slffes somiie
TASETAS ©Gl FC FalRet: (Il FIonfoita bt 28T ST SHFFEEG Y Ja WHITTR FFFEAAOI =16 TG | G2 FIoel (RN Sy
RS G JoNTFIR Sl &IC2F Q9N (0=: 5799 @91z (Displacement Current)| 934 fofy @8 @& (G oW e (ot S0, 047 aFfoq 9
oA Fof Trwifbo =0T | Ofe @ (BT CFa (FICA ST SR BIGIR =75 M N&5 M A7 el e 200 SREN F06 5elte W 9 |
T WIHCT TIRCIDRE SfGe, &7 T2 IR OInd sifscat e Facem, fof Bfee 2w mraem s e ofs oiers i © 775 Feenfite |
R ST ST FCS| AR AN 5 SIS 20E: e T [FRE 77, %7 NIICH IS [[RA7S- G171 O |

s. fge- et q=fawsia o1 ©%

e fONET FEF (937 AT 2 @y wrmerEta oG TMwae 2C=l:

begin{aligned} nabla cdot mathbf{E} &amp;= frac{rho}{varepsilon_0} &amp;&amp; text{(sf¥e ¢Fra 71> 7@)} \ nabla cdot
mathbf{B} &amp;= 0 &amp;&amp; text{((5¥F CFCQ Me3a Ja)} \ nabla times mathbf{E} &amp;= -frac{partial mathbf{B}}Hpartial
t} &amp;&amp; text{ (FFRITT A= Ja)} \ nabla times mathbf{B} &amp;= mu_0 mathbf{]} + mu_0 varepsilon_0 frac{partial
mathbf{E}}{partial t} &amp;&amp; text{(SI=I<-5=recae 34)} end{aligned}

effsfs Fiwae =Reew @F @3 Gifes afeurss e FE:
o Sf%e C¥Tq NS AG (nablacdotmathbf E = rho/varepsilon,): ©f%e Wy =0l ofe (Frag B FERY | LAEE T A
Tl SRS ST AT, A W @ e = | varepsilong 26 w3 WIS A=l |

o (BIET L@ M 9@ (nablacdotmathbfB = 0): 2RT @Il (G9F @ 7 (Magnetic Monopole) (2 | (5% LR (I
W3 3| (1T (13; O M SRR I g9 (o I |

* TS A Jq (nablatimesmathbf E = —partialmathbf B /partialt): SNCEA M f73f$e Fre ¢Fa @6 gefmmm ofSe oviag
o (r | @f5R efSfS srmIt, (omitete @ TEkyse @ e Y6 fofe |
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o IIFPRIF-HIFWSTA q@ (nablatimesmathbf B = mugmathbfJ + mugvarepsilongpartialmathbf E /partialt): G/FF CF@ (e
oEd W&y e e]ifze $f¥e (mathbfJ) @R 79, IR TER A AfTETAT oS Fa (partialmathbf E /partialt) 7RIe Seom =7 |
STSTACES G2 ST @122 NI *[5 TN WA @S TG FACE |

&, X T (AT WICEAF ANSa eif oo

oM @ WHFI * WL (rho = 0, mathbfJ = mathbf0) JTNFINSTET = nablacdotmathbfE = 0 &R nablatimesmathbfB =
mugvarepsilong fracpartialmathb f Epartialt | TRITSS J(@d SO 91T Sl (nablatimes) :

nablatimes(nablatimesmathbf E) = — fracpartialpartialt(nablatimesmathbf B) = —mugvarepsilony fracpartial*mathbf Epartialt®

(%9 w@tev nabla times (nabla times mathbf{E}) = nabla(nabla cdot mathbf{E}) &#8211; nabla”2 mathbf{E} = -nabla’2
mathbf{E} 921 FIC TR 2NST T AR fg-Mfas oas ANa9:

nabla®?mathbf E = mugvarepsilong fracpartial>mathbf Epartialt®

| MO ¢ = fraclsqgrimugvarepsilongapprozr, d®, AdR, SQ'b’tewtﬁ%I.?/(ﬂﬁE—m ﬁ‘-ﬂ\wﬂtﬁ STCEATS ST NI |

©. R wesifeeee o

RS STRFAC WA (@ (&I AL HCA 9167 @sia fida 02 711; @fS AT &7 | $50¢ I WRTHIRA Soiad S @ FEHER 71w
FA-FIET LR G Q3R ST AOS | (R TS FISICACS W (@9 &7 FAF Gis g evifes 28 @ B e m—or 1 [eaw
qoifTel ©g |

SIECHH: NIZYH, AT (2026) | "B ST TP — {77~ QB G7 @ RCETF NZPIT" | Gl JACET (TG TNFAPTHZ, 4G & |
https://shakilmahmud.com/bn/great-equations-part-09-maxwells-equations-electrodynamics-bn/
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THE GREAT EQUATIONS SERIES - PART 10

Boltzmann's Entropy Formula

SI=B - ini@

Boltzmann's Constant: k_B = 1.380649 x 10 J/K | Q = Multiplicity of Microstates

Ludwig Boltzmann (1877) Statistical Mechanics. ‘The Arrow of Time Microstates to Thermodynamics

foq so: fo@ FolSs @ICTeENIAT G STAGAV ($S = k_B In Omegas) | NTHBHHIHE OIFIEIT GG 20Tt A2l QIS SHINIANIE AT ($Omega$) SMITH— Tt
NaIfICIT BT O 3 WHOTIG] FAT 75 (30771 |

(TCAITS 15 FICHF el 21T (ST G 20 (T | g @3 o157 fofe 1wl I SrwH1 i BIelitet (7 (8 S0 A I (i) @S o< i
(ACE FIHF [RENSTE e fATer T8 Gt (STl (@l FUCH S Femifce Afere 201 =1 | SE AEewS Fooeaa sfovya 2@l mrReras [igge-
R (T SC@2 SER S0 T i 41 =i | s Fera eifofs sias el wg-eifes (Time-Symmetric) | S QSR oI5
TRIRTY @ AN Tl GFYA? (@ wOIred Y A g SREred AE 17 @3 NEifes T97 ST FACS Sbaq AT ARG smifResq) Fufes
QAT ST S5 Siolg, @ AN SIS VIO WA GF S A (ofd FE—I- TS Sz o smifacs foaewa cami w21
IECR: S = kplnOmega |

S. ANSACNT Ao TY-2HawIe (AT S aifemT wores

el Rz 3R WICHCHORE SIS QB S-9F A OIF AIHEF NEGHHF T2 Omega-a3 S NFE Tg AN W7
S = kplnOmega
@2 e TN eplon TaTEt Sibe 4Rl a5 FR:

o S (SIorST @Gfor): It AR e A TR Mew FEea =fesa Afqwe (95: Gt affS @efem, text /K ) | FGAT FOED Sbry¢ AT
a3 w1zes MeafRte™ dS = deltaQyeptren /T |

o kp ([QAEICENN &) WYATHAE 6= @ SHTHCHIE SN FLTIFG AL &<
kpapprozd.0bod8atimesd0 text] /K
e Omega (NITHITIHCET A2 A MEBRATT): @i ag= WiHE Sionral, 519 @ e I @02 OF (FO0F AT S0 HLUF -9

TRIE 8 TN (N6 TGS f{AFCHG T4 |
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o e NN (In): IR RIS SRAE @HINT SIorsror G FfTe Foreasia sifafes fofe |

L. (B FANIfETR? FIA [ NS 45t

QBT @ TN (7 APTCSR 2(A? [T I i: 36 7T 5781 A @R B-93 2 o) 6+ | A-97 8IS RN 451 Omegay @R B-a3
Omegap T, SIHA (Y TIZE GG Ryt 712291 @emffesics:

Omegasp = OmegastimesOmegap

fg oifsfm swfae @Bfer 2o = QIR (Sap = S + Sp) | WO, TEHF @5 OFD ACHFF f(Omega) TG T @NF @M TR
Bch

f(OmegaatimesOmegap) = f(Omegas) + f(Omegap)

AfeS GG AN FIHZ 93 *1S 9§79 FACS MK (f (Omega) = klnOmega) | SR KA @S 453 @GR ToNmiNs Foite s s
(ST |

©. Afee e ey (@ @i 7wl 3 o

QAT Wt SR Sl Jats (DeltaSge0) eFod S ES @R N0 761 20! | @IEATT efse S @b @i @ Feasresl =,
R ATALICT 1A TR |

QB AT ST LT 1A S (S W ©f ST 9M1Ta QT ATT—FIe A5 SNt ZReCa A FSIRY RN 7245 (Omega) OF (HIC ABLE
AR e 60 @IS @I @t & pemif cote I g e Fter (el A T—3iRe @ S [ Ta 96, 58 orel AR S81=s [
B IS | 57 AN Q3T Bt (e @3 I (F TS TFel SR @R Rashige wik e 41 =1

8. TV HFTCS S5 @G

558 I F7 *F DI U5 ©rgd [Ofe Fiom Fa 5T SrArd afroo 2fFw e RO QAT w98 32 AN A& FE= (H =
—sump;logap;) | RIFCTTNIR AT oo dgfox Firg Faife s wAfawst |

C
STZCGA: I, =N (2026) | "QITSCTTT GG T — AR F I S I S | CaI I7CT (7 FANPAPTHE, 2 50 |
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THE GREAT EQUATIONS SERIES - PART 11

Mass-Energy Equivalence

E=mc’?

General Relativistic Dispersion: E2 = (pc)? + (m,c? | © = 2.998 x 10° m/s

Albert Einstein (1905) Special Relativty Nuclear Binding Energy Stellar Nucleosyntnesis IS IS

o o5: fom @rerats @ISTEIZAT T X TGO STGA (SE = me’S) | [ACIT QABEFOIT &% TF 3 31137 YoT0 G2 STGI JfB 5% SANIVIT S@ AINIATON FNTI TG
TH NS 5F P ALIFS A eT0 T

$50¢ JTER (BRI CITSITH AT J2 (55 AR 20 8T TN (T WS FIF WD BAB12 ISy Sriefie] *SACeA (T Fofer™-a W@
o ool @3B SRR SIRFA=IG A3 | Fieaam(G 2ot a3f6 e ‘P 7 arwel & o7 q@9e #few fawceF @97 [eg #E?” afb foa o
afszific Rrmee 2 (Annus Mirabilis)-a9 592 Iweisig | (713 fo 98T WETH13 W< B Baww 4fs s asfas s sm ¢ =fe
@Il fom wel 77, 9% o @2 FEeifes Jue aftis-efsrs | sinfs fore wiea siFaet E = mc? 20al TRaq o1 plew gef, srsiefis @rmse
ROTFS| G3R NRIRCIT T (TS I 5327 o vl |

S. TNHAC “ifow: aFfen Rivsm aw

22 TR AR (I TES <6 ©F my A, OF (15 TR *ifesq et
EU:mOc2
3% W T4 SIS mathb fp W sfea =1, ©27 i @i =Ifes wot 4o S0
E? = (pc)® + (moc?)?
ST & ¢2-a3 T SIFICET eigfoq Soie *Ifess ot @Rl Tra:

& = (2, 55,953, 8¢btextN/GT) approatr . St AtimesdS0° text N /teatGT}

c? GB AW IRATT | HCE NG S &N ST T (PO TR & dtimesd0>° Tet sifes—1 15.¢ ety it [ewp=e srges |
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3. SIS Fher (A S

RTerg SCoAfFreR (@I Sifeaa o SA@o p = gammamov (AT gamma = 1/sqrt{1 &#8211; v/A2/c/2}) | NG5 1 =il ST=2iife ey W
sfexfets () @t =

E k=int 0Avv, dp = gamma m_0 vA2 &#8211; int 0Av gammam 0V, dv = gamma m_0 c/2 &#8211; m_0 c/ 2

o9 (M6 #& F = gammamyc? = Ej, + mc? | 947 391 57505 3 (v = 0), X798 ©F N5 93 win =& Srpat W By = myc? | (Ged 441
SR A

Eapprozmyc® + fracl2mgv?

fAShCaa fosre oife*if& fracl2mu? SNTCE ARTBIREE TG *Ifes AT 9 FulfoFu easia |

. ARNINRE O P06 @ THA S|

TR TR S oFcs s 23ge e [eexm e e 2w o366 Rierms e toft s 1 31 vrfs aibte vww o tofF zew
fRfeveg @9 & 0.9% I | @3 frdie $95F3 Deltamcedotc® i FARES 2 SE € SIS GTAGHITS B TS | &fe GTFrs X 8w &
G 5 oAt Rz *If&te D9ied T e CNAee e SCE|F® qI0E |

SIZCGH: AT, *NfFT (2026) | "SF-es srgerel — E = mc? 8 ARk e afipe” | @i e (res) TAeayz, ¥ 53 1 https://shakilmahmud.com/bn/great-
equations-part-11-mass-energy-equivalence-emc2-bn/
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THE GREAT EQUATIONS SERIES - PART 12

Einstein's Field Equations

Gu+Ag uw=(82G/ch-T uv

Spacetime Curvature (Geometry) = Energy-Momentum Tensor (Matter)

Albert Einstein (1915) General Relaivity Riemannian Manifold Curvature Black Holes & Gravitational Waves GEOMETRODYNAMICS &

59 5% o WRNEIRAT STIHIF AN D01 (BG WW(X(L{?HZ{HM/ + Lambda g_{munu} = frac{Spi GHc'} T_{munu}$)| ST 3 {3 Egﬁ/ TP BIN- BT ST DT
O, T AT T2, QNG I T0T 97 FHAFET S AR B

$55¢ AT 26 TOFF W6 IQEF ARTHE TAPRE SRATI 7 ARG SBTBI13 LR SHFICSH TG T T 3oz @S Jfagfes J2
TogIon LI YIS SicoFrela g wNieaeial (Einstein’s Field Equations) | 53 <roitia8 & 51 40 SE SZOHI MSbia F=Iea
TGE & oY RO (N FCafes—@aa T foet o @ e S8fEel M I\ NS SIeos s B | aizaoia @3 f$fe gfemmie e
AT | T2 S (I SFH I 79, T2 20l bgifas Fe-eed ey enififos agmel | smidfiessl o wifiiaes 231 Sl OER: “g/-
I AT ICET (T PO GETCS 20, A1 FIA-PIERE ICET (T3 PO P 20 1

. TN oAfaow: eHififs I emiceds sy

G FAFACR TR @ G ST WROIRCE CFg TR 2l
Gmunu + Lambdagmunu = fTacgpiGC4Tnlun1L

S 5 BIR CBW Gmunu'Cas 53\9 Wﬂ%“ﬁ%m
R_{munu} &#8211; frac{1H{2} R g_{munu} + Lambda g_{munu} = frac{8pi GH{c 4} T_{munu}

GG N1@ FRC @ T @ To1e vgslifas Fa-FI0er vt Joieas © b S SR J[Fa=T FANFACN 6 (ma, nwind), 1, 2, 3):

o N A (F-FIee g epiff®):
O Gy (VG (GF): BR-IIETE GNfAS Ao e, =1 56 967 Wi v=g Neias T ds? = gunuda™udzu |

© Rpunu 932 R (f&f55 awpel): fatie qapel (5571 (A0 Bgs, Wl SAfamist 0ar N2 B0 YOI %88 TSR Beld 7Y FIeIE *-ia
FRIFIG ST | 70 A T |
o Lambda (N2E=fes &< A1 T @=IfeT): W=IRiess waifae asiaes sifaamifes |
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I (e (43T ARSI . .
wt oehrge shakil SEA L R S

o T o (o1 @ #ifes):
O Thunu (*ifes-Sa091 (55719): TRRTIT 79w O, =I5, BIot @32 Arsgera TwiE |

* WMCAIGT &F frac8piGet: FN-FIET IO AT | 20 AR Qo 5 S () AT BH-F Ao@ Fo=1 @ (BfeRoi; @ ae
FRIEF 1 FNSG SHF WCo| T T2 T TSI JIFICS A1 |

%. RC6ta get it Awie e e
&7 sfSTael @32 U TR (FCa (gooapproz — (1 + 2Phi/c?)) QiRTBIRAE AN ST 272 [NSH 2R wwacet Foirefie =

nabla® Phi = 4piGrho

S5 et fRteTe =11; 42 ot TNeae Tl WSBIRCA | BH-FIE 1S *[1% @ Jiaifed = |

. aferIfee e Fusiga (A ST oa%

o CHIIIIGTTRITE FRaAFT (555Y): T C<IRIGTRITS & et FE (@I O M i rrsfRes [ (ry = 2G M /¢?) FeFbe =W, $@ BH-FlE
T (BTG AATT G5 GF FWINFH (O TR (L (ACF SENS IS A Al |

o TR AL (Sods): TRIRCeH T I S AfS<BT o A1 e S| TR SR Ieo] (N0 SIRBIRETE SREeIA e e
|

o FISCN TRIFIT SAF (205¢): Gb FRINFEE WA (UF FA-INEE LF I8 (GO 500 I8 517 HRIATS *MIes 20 AEAHIRE Wi
ARBRPE e ey R efef¥e e |

STECHA: M2, =T (2026) | "QEZTBIZAI (G TP — FI-FIETH I, SIS @ FReAZ" | Gl JACET (RG] TAFITTE, 4G 5%/
https.//shakilmahmud.com/bn/great-equations-part-12-einstein-field-equations-relativity-bn/
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Schrodinger's Wave Equation

iA@y/o)=Hy=[—(7/2m) >+ V5 1) ] w

Quantum Probability Density: P(x) = lp(x)it | & =1.05457 x 10% J's

V\/\/

Enwin Schrodinger (1926) Wave Mechanics Atomic Orbitals Bor Probabilty Interpretation O IR eIl IE I G AT N MECTIANICS

foq so: foa 9IS @HEHIET OI57 TG (Sibbar partial_t psi = hat{H}psiS) | (PTG TS0 TGN (Spsi) OI ITI771 Tt AXGHSA AINIYT STOG (I 37 T5%12 3
©Io7- ANBGT BHAF S et T/

$5%¢ M FNIGH gHre ob I2a R ARG omfeeml gafer s JRoTenIted Wg SowE AR TN @F Now 't g
FIBITS T | (12 QARG WA RIS W= 3fenm smyen ol oifgs [Re kafbe =1 | 93 w5 @9ifeid gorseal ZRceiRiSm—smicda senee
A NCS| A Fa—7IR| Wefe 20 @ifoa 8T Sa0od G 4 Soges Mo FANFe ATTHCT N | N FCES AR [ o
(G T SRR Sraitedt 219 bifkaeifd 2ice few: tifsitaa sasy siMiwast (Schrédinger’s Wave Equation) | €3 @6 5103t et @i
FEITT ARGeTs FHART ool AT fowera e T *=WIYT Flgd F0a fa-wfas SRR e B7 sww—a% weoF fofe s Wi s
g T, SRR e o1, @Tera @32 (R FPRE5H |

5. ANFACT Ao FRBI Toived AfSTg

SCEE @ofF frseet cafsieas o1 Tt =
ihbar fracpartialpsipartialt = hatHpsi = left(— frachbar?2mnabla® + V (mathbfr,t)right)psi
a3 e =fesa oweg swg-T8w w9 ==
hatHpsi = Epsi
a3 NFACeR afefb a1fifes el aFfon «F Srgesiy ey e F:

o i = sqrt—1 (FgT 9FF): eFfen @ Cifers sifSara afa sy A SofEfs TS sieorfsef | i-a3 Sof¥fea FRTer FRFH™ o5
TIRHATGTE SO NARHIE T, T T Ol (T QST TS =l I7L S0 Wool Soifaoiifes 2t wfenia (Interference) tofd w1

* hbar = h/2pi (FIb BT &TF): FRAFGN (TR (el 7T (5.0¢8QAUtimesd0~ BtertEeicdottert CTIS) |
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* psi(mathbfr,t) (ST WACHHF): (P FAON I ANG ST SIS | T I TGRFS] F1L5| TPNE (5520), 97 NGEACH 9
Ipsi(mathbfr,t)|* U T TR @ Riqre S e e =7 F8i=kA g |

* — frachbar?2mnabla? (5ife=If& SIATAGR): (SO SAE WAIEG hatmathbfp = —ihbarnabla (AF @“\3’\') I
o V(mathbfr,t) (Rex *f&): *RwIgF Sorew MEFIOR 4N 51 7 2EFGACE (Gl AE Feras W] 764 |
*  hatH (RGBT SI9AICa69): (SEFGN I8 (16 #fesa SIo1ea5 |

%. Wi &d (FIRIG (= TC6?

R *fes (@ Rt Bt FEroite =? Barre s @I SEwg (@ «fes T TS 219 | @ifSsia o S (SRR @I
e s = @fb 2o fe waesa el {el =1$ (Boundary Conditions) |

95 BT OIF 18 @it il AFCE (T (< e 7 91 I-CNifes Fioice Mg, B confa RS st Feor 3 Sl oaew R
ST A @S 155 (psito0) | (@< FiE oy R[ivgn =&z 9 (E,) I3 @2 IRV HAFCENR T BT F:

E, = —fracl3.6texteVn®, quadn = 1,2, 3, dots

IARCAR TG HACAG I, T ARV CTARSTAR KA 42 o7 215 7o (s @2 37 saomratey fawiass (e @ipfe grel wie g2 = |

SSCHH: NZHT, T (2026) | "N S NPT — (PRGN TERTS] S AT J7 | G 7T (RG] FAFIPTNE, ¥ s© | https.//shakilmahmud.com/bn/great-

equations-part-13-schrodinger-wave-equation-quantum-bn/
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THE GREAT EQUATIONS SERIES - PART 14

Heisenberg's Uncertainty Principle

Ix-Ap>h/2 | [Ap] =ik

Conjugate Variables: Energy-Time Uncertainty: AE - At =/ /2

Wemer Heisenberg (1927) Malrix Mechanics Commutation Relations Quantum Vacuum Fluctuations T PSSR £ ey

foq 58: o@ @1 AT FIRIBIN QTSI NS ($ Delta x cdot Delta p ge hbar/2, [hatfic), hat{p}] = ihbar$) | QI ST SHINT I IV FAT TIFIT T [V owha
1A4113© 204, ©IF SA@eI PIRIT I 0 (@R Qi 2 !

5554 VT (FEART OF G ANoq Ao | (SRR 7o @IEd IRBH0S0d <7 FHCed IR bl FaRE ¢ I2d 77 G
sReaIN] (e RSl | @F6 T & OF WK o W ©few @Ciftet: @b el 932 T (BT ST 43¢ (FIRF Tor—aw{ [
FUAIE © [T TS AT 712 TGN GH6 IS NG THCAT T2 IR ASHAE (MATS (A OF @9 (Flow TN Tt Fa0e =3 |
G (FIHT TU3 SEATHACE WS I, (13 AHITSH AR ASFHER IS0 Sigeid [Kpre 20w el s fRBeE T | WS 78 & 75 I
PG AREA [R5 T 2, (FIHCE “fesd AORITS O TR ©8 & e 20T 91T | (572 JZ0s 2i3remars! Somfs Foaw: aff sraa agonfes
I 6 71w; @ft T=Rkees ae e @ oW Tiffess e gigtemaisia sifv=swel S (The Uncertainty Principle) |

. NS 2Af0w: Ferg s A=

FROAIC wieTel NS SEdl, @ @RIGN T TREW ¢ 7R TGk SR p,-a7 AR APoToR 8w FAER AR A
R NG VTS M1 Al

Deltaxcdot Deltap,ge frachbar2

O3 (BN IR @3 FNFANT AT WG @A WeR (AeF (Non-Commutativity):
[ hat{x}, hat{p} x ] = hat{x}hat{p}_x &#8211; hat{p} xhat{x} = ihbar hat{I}
foamTe SRV SREM (ot SA0Re o, R TR (N0 AR NoT—eA1 e @53 ACE (x cdot p &#8211; p cdot x = 0) | 5@ @GN

A5 BFARID T oAbl G | WIS WL WA TN WLE] Qe #ifafee T (7 91ta waeast sifisnst sacat 9 =9 o7 warwa
IieT T |
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%, SATCHDE (F ead s afosima
HNCRAGS hatzpsi = xpsi 9% hatppsi = —ihbar fracdpsidz ISR (GE
[ hat{x}, hat{p} Ipsi = -ihbar x frac{dpsiHdx} &#8211; left( -ihbar frac{d Hdx}(xpsi) right) = ihbar psi

RIB- a7 Boroimy Sl CICHIC G5 TR @M@ O DeltaA’cdot Delta B2 geleft( fracl2ilangle[hat A, hat B]rangleright)?
| 84T hatA = hatz &3% hatB = hatp IACE T &N =

Deltazcdot Deltapge frachbar2

©. TRieeifes AfFeifs: @ samie) e

o oTioF FIftg: e org e NEFITR B SAFG CACS SR (L RS S Reile @3 FE MeTd 32 &e | S swel
TS @t ifocT A0 S NSFAE™ 9w TR 13D 20 (Deltarto) OF SR Al6xe] TN Mt 41T =7 (Deltaptoin fty
), T FEASHAE O sIfsHifeste @ 7ea [R5 o |

o (IIAFBIN BIAIFR: T W GG [F© TRl $757 2CTE FINHIIET A8 Ao TCol TR #ISs 71 ARF TGS F9 (M (SF I SN
ToifFS 20O AT | 97 3 O (0 EFIR RFesI @2 (917 TR0ed w11 (N ey 4 |

¢
STECHA: M2, AT (2026) | "2 Q53] TS — SFa] TN G (RGN J750]" | GI I7CeT (RG] STNFIITHZ, 4@ 58 | https.//shakilmahmud.com/bn/great-
equations-part-14-heisenberg-uncertainty-principle-bn/
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The Dirac Equation

(i7ay’uo u—mc)wy=20

| 4x4 Clifford Algebra

Paul Dirac (1928) Relativistic Spin-172 Predtion of Antimatter The Positron Discovery RELATIVISTIC QUANTUM FIELD THEORY

foq oa: fog o7 ST WATFS SIIIBIN STANGIY ($(ihbargamma™mu partial_mu - mc)psi = 08) | [RCIT AHATFEOT 3 -5/ (FIIBIN SNT VT, Tt ST (H1S5G)
WG ST TIareara F

S58b A (FRGTGE OFF ST FCECE IR NS 42 e F03 IR 2¢ 29 091 TIoF?) kwe sfvefm sa snifgee s s |
SEFIAN AR GF NAF A oifes et @ifSsiiga sfiaae siaod Seoifod FAGHAw W1 FC© S B FRFE ofSre bl
AT ARG (FL@ 66 2 9T | SWCE ACATFS (G- TN T Ol RS AFR I A AGRAE (P &lt; 0) Wl
BT AT SI(Re | e @ @Ffo TRIFael farfRee™ 91 @8 Y SHE @ B MCATF GF-Tef418 (Linear) TE @R ARHIRER [RT
TSI SIS T T | (FIF-13-(F SHIHEHT @F T 1ol Jersifere TSGR T [GA1F N 3T Tres (&% AN T57 FCE: &1
ST (The Dirac Equation) | @3 <56 SRIael (5961 SO TR (IRIG PR3 (S = 1/2) 127 T, 9% Rgomie s aF S e
oA WS SR o R afsfs T [eidics b= swes g Redie veyes «F awer el Ruya—a® 7 efesmisf (Antimatter) |

S. AN “Afow: oA @B I

AIFfoT 9F (hbar = ¢ = 1) eI TNF=17 A< @ frde o =e=t:
(1 gamma’mu partial mu &#8211; m) psi=0

a3 TNFACR 2fSfb SoAm simrfReaicTa 2fsaicst sref Tg feet:

o partial,,u: T 8 FIEF GG (AfSETS (T4, T T 8 B AN N O |
e gamma™u (Tas o wWiGw): SR 4timesd wha WG, T fFeee Jofices snfo-sed=w s o s

m,

gamma

o psi (Foars Fe): @ o SRR SN (939 (psiy, psia, psis, psis) | G5 TAKT FHF-BN9 @ FHF-TIS 3T °f1 HCe; W94 7o
Toiten SAfeG 1 afSomiltas i T |

u, gamma™u = 2eta™ "™ I, |
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L. TCATHS TATAGLRT I3 @ oI oy

TETBIEEE WAE fF J@ A E2=p? +m?) S o e WKl 93 @eRowER fE Fre o sqrip? +m? =
boldsymbolalphacdotmathbfp + betam | TSI oM Isf IFAA Al T ROIGENE SN2 WIFH-FNEG IS 2(A: alpha;alpha; +
alpha;alpha; = 0| SR TG AL FACAR G2 *16 97 FCS 91 ; (&9 FAoW 4timesd GGIR Gf FCS 21K | WA (RGN Fo e
#4525 P (S = 1/2) @Iel ScRifore &t wa—afb @rarsm @) @ Reaw wiesifFees fiaes o st siffess w1

©. Ao *ifesa Mg © sifagee sifkse

foatra ARFA 76 TR O G G B = +sqrip? + m? GR 4NGS A& E = —sqrip? +m? | feas 9F SR e8r Fae: 1=k
T N oo AN *If G RGN @F olfFsiel @pes o (B2 ) | orefeig srore Tfox Fet AEe) SAFE T 20T (@0 A =1 | 5g
935 s #fiesa sl 74 (hnuge2me?) @B STNE SRS T GFB AGF 2ERGA RO (79 20T W G3R (T 936 i o6’ (Hole) tof =111
a3 *TSfH3 WL TR 4GS WIS TG 1 ATRTFT RO | 0t I Fief Spreo= Fmaifes aMics «fagy wfiws sw o [we
N SfRareTE oy e FCE |

¢

LG M2y, *fEeT (2026) | &7 Ty — @i PGI IS 8 QST NPT | @I AT (RG] THPAVTTE, 2 56 |
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Shannon's Information Entropy

H(X) == p(x_i) - log2p(x_i)

Shannon Channel Capacity Theorem: C = B - log,(1 + SNR) | Bit (Binary Digit)

Claude Shannon (1948) Mathematical Theory of Communication Data Compression Limit Digital Telecommurications P EOr MATION T EOR I OME T IO

foq sv: oG 7 AT O AT (SH(X) = -sum p(x)log 2 p(x)$) 9T BN LITSHNO 7@ (SC = Blog 2(1 + text{SNR})$) | [SISBIeT 3, G TUDI5A 3 WD
Gl Mo o1 (o131

558 T ([T (GIFTT AIRTABRIGHE ws I87 I 9F w3 sifefin @ fGErebarsr F7 9aes =5+ (Claude Elwood Shannon) *@e fSts6%
BRI SIfer-a W@ » O G0 NRANAG e S | RN Re] MERey: T 90 2fafes o@” (A Mathematical Theory ot
Communication)| =SHCTR ST GRS RIb1 T4 o OIER (SIEH0 @ (@GS S W AR No| [HARTS SRS e T
RO | =3 (12 @I qigef (sre pawa w0 o | o eel Satem—gras $9%9, Reaees Sref, gfiae 33 @ GRass ot @e—
CICIT] SE O NI M (A & A GFT0 ALGT1 SN 6F G i@ T4l 78, TG I i 7 6 (Bit q1 Binary Digit) | @3 fef&Gi
TR FaY R s Sfeswel Sfiwe” & SR TRFeT: *5=ea o5 @Fi* (Shannon’s Information Entropy) |

. TN dAfaow: wfesweia sfasros

el Rz o35 Bext X, W17 IR FATA 21, dot s, @, 9% 2B TB TSR p;, ©F 025 @ H(X) sikeelfers =

H(X) = —sumj_ p(z;)logap(;)

AN SR offaet fofg-s sstfamo seses G (Bits) @ sifasiior 51 =
o T 9 O BAMI I () = —logap;: (I TG WfF5® 20 (p = 1), © TB 4= (@I g ©5 (77 71 (1 = 0 [B) | @ I w6 &S
3@ 20 (p = 1/1024), © 617 2 SN S0 [ T [9feT O3 @ Kearw Sofmd ol | O 201 Yo7 AFFESIR S |
o H(X) (5% o5 @) 936 el TArseiid AIFOI NG FACS (T TG IR )/l e FACS QO ARSI |

o I QFioH: TUT ANE HEERe T AR (Uniform Distribution, p; = 1/n), $45 @B F&AG = Hicpmaz = logan | €0 e
Y@K G5 H = 5.0textIB |
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T o TR PR shaiil S R SRS

%. O3 OUgd 92 Fefiel] Soreiwy

o 5. N (IfL Sorolmy (CTBI FTRTHR 5 W) (I S (I O =1 T H (X)) [ba o @ siegioe a1 snfifereng s |
e f&iol T2 (ZIP, GZIP), Prasfer =it @z awifsifey yers = @2 @Gt St e «ife siyeraifam |

o 5. BIICE T Sotsotiwy (<A BFICCER SIS : TS (I @GS N Wy e [ Fde oy A5 we? @3 e
T BIACE HIRTFTS| C-a 5 ARFCeT et (ISt ME5Ts e =+ SiHre O3 2SI T

C = Blogsleft(1 + fracSNright)
O FIRS-RT (MR (TBSIF, SABHR G2 WG IR St A 51 B TRl 718 e =31

©. Fiaw Ifawel 8 - aGH w

e Fraw Ifawel @ 9 AR Tete A (heni affifFe T M (T @ FRA APHNES F4 T, T TS A5 GFORE o -G
& (Cross-Entropy Loss)** | s6f&ifs a1 carfiivg WCel &S #fiepeeer M0ee Yo1e <A OFF GFHF Jd (N8 O @iost TR S| SIkra

I

C
SSCHH: NIZHF, N (2026) | "SFAEH SV QB — {5, Sy derwe] @ fSfSbie Sererd (S | Gl I50e (TEF] FANBINTZ, UG 5 |
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THE GREAT EQUATIONS SERIES - PART 17

Turing Computability & The Halting Problem
HALT(M, w) € {0, 1} = Undecidable | K(x) =min |p| :

Up) =~

Universal Turing Machine (1936) - The Inherent Limits of Algorithmic Logic

Alan Turing (1936) Enischeidungsproblem Cantor Diagonal Paradox Kolmogorov Complexity NN G e e e

foq sa: oz Qe BIAerIa 2febe STt 3 ARG (VAT | BRI SIS SIS NI SNITS T (T G0 @B TS QIAHITN (01 T 7 Tt QAL AT
A [ AT Of [NGeTold fN4iad $re A1

558y W gYie T sffefm (efoe e swa Reyw Reamiom e @t W=iaaRe oy Sormem S GBMEgeTeceTs
(Entscheidungsproblem 31 &l 55771) | @5 (@I AR g s 3 snersifm [ tof Fa 7eR, 9 @@ sififes asmm sorel 4
sty FefEeg s e fre ? A @It 959 sfeefmal @x @ TeR ern-CIfRIee Fo (AR | SRUITE S50l AT AT (FHEeE 28
T2 I sifelim Sy 5 (18 Fead i BN | Fleiter (B 8@ [Fe-135 (2rTd At 96 IS AT Tl FE—| WD TS A
FHEHIER To1 FerG—pfH RIS &= FE (T +{00x a7 5 e & TR T (@] FAIEHR FUCAIR 210 FACS /1R l: 2fe0R TN
(The Halting Problem) | &5 S@t5=ta Baa= S feffas v o |

. SN oAfaow: wfvcefrer sfifss ot

2R TS| SICS B G5 (I SHsifams text HALT (M, w) 5 5181 1 @A celtal™ M @3 3995 w [Reawe 3@ 3 (@ cetarsfs & s
STCH (TN I I TS Lo WHCE ARFA?

text{HALT}(M, w) = begin{cases} 1 &amp; text{=fi ceamfG 5 &1csr (3ew 71 (Halts)} \ 0 &amp; text{zf™ cellam(G a=s Fret 5ace AE
(Infinite Loop)} end{cases}

Bfactra afeaifies Sstsimy caraail e
text HALT (M, w)textSATSTR@AMN(UndecidableItNon — Computable)
93 A TAHOIE T& 20T FATICANTS Giveve! (Kolmogorov Complexity) K (z)— It TG « o F217 T Tefheiew catalies o

K(z) =minylp| : U(p) =z
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FACACNE Giberele WNTe: (@il e (arams @ @Il Soted TR 4o 8 SREFGET w91, ©| (&I S-S 7 @se 321 97T |

%. PfICE SETsIIeTISTe™Iw efsel

B e G 2tel 7-Rediremsss & (Proof by Contradiction) |

3 TF AN G I (A text Halt (M, w) Regam 91 fFige oiiareaial $60s it | @4 @Rl @ 639 cetars D tofd 3 91 text Halt-93
fR91SIe THae S0

begin{aligned} &texthf{=@=fzms } D(langle M rangle): \ &quad textbf{zfx } text{Halt}(M, langle M rangle) == 1 textbf{ ==1}: \
&quadquad textbf{E = s T T8} quad text{(FATE A )} \ &quad texthf{e1}: \ &quadquad textbf{ ¢t e} quad
text{(Seele 7Y 27) } end{aligned}

Q2 (A D-4F (90 2995 o1k 1 o1 e 1o arewl = (D (langle Drangle)), 01 J €602

o M text Halt I D AN, O (G IS D TG o WIHL T FLACHIR A Fl | 59 F- Ko

o M textHalt I D NS L 56, O (HICS SN D SLFHeAIE (ATH LK | 5 F-Rrerer!
Ton Fia2 Yo O T8 B Mefoe = D AN 5% ©9s 999 (37 AN 71 | Sodd, ONF (] T 262 Spiesifams tofd T4 2ifers @
TR I FPREBIE ATHE A 7 |

©. #ifFeifS: TMyfT FFPEHIER o © AR oAy

G2 TEICE eIl FACS T2 TN B ARG G R T35 FEA—CTAT @2 (TNRCS (Th1 @R (AT WeFFe A, 7 eoF f$fs @
T O FNGNT AT AYFE FISHITER FI96T 9T (I | 55 AT AR Sy ANl FC (T (I (NN Fo-Gioaet anvaer (e afb
3 G5 S, O Y& [ 1) FRGFTOIE $00% fNgereIa 612 F1 AffoFeng s |

SIZCHH: M2, #NFT (2026) 1 "G FAGGRIAG @ 275 SfTeTy — Jfeea QeTexaz A )" | @I e (RG] TPV, S 59|
https://shakilmahmud.com/bn/great-equations-part-17-turing-computability-halting-problem-bn/
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The Logistic Map & Deterministic Chaos

Sl =y o {01 — oolit)

Feigenbaum Universal Constant: 5 = lim (r_k - r_{k-1})/(r_{k+1} - r_k) ~ 4.6692016...

Robert May (1976) Mitchel Feigenbaum (1978) Period-Doubling Cascade The Butterfly Effect LA ST IS 6 S e

foq ov: fog afer@s Wirst 3 (ARG [FY/T (Sx_{n+1} = rx_n(1-x_n)$)| BICINIIST SITSAIN 7P (Sdelta approx 8 b>8) I AIGE (HRITS SIfre [TOTe 5% It ST
B BN STIT QL TGIY (R S (7 5IV [P 3 ABIIZIE P |

5598 A ACGAT Sl IBALEMH 716 7 (Robert May) f{srs frgai SR *(oi-a @b N3eTwel<s Sageielg ™l S T R
foet: “y7 @by Afefmm @fe MaFe e Fwa”| ARSI Nes 77 foq =for i 4@ o7l R Face (@ eFfeq ANwel I e @
sEfif® =7 (Deterministic), ©G< 7 SiiFree (@ =Y @ SIS | T2 @ @b Fde wfw sro—7 e gl oo e A
TASHICET SR 21| Tl TG | FAI6 (1 W3ge Jorificed a3 e fa-are ANwe T2 I o o1 1fe-2fRies w7 5o @ o
#AfGS6< 519 (The Logistic Map) | @2 N3 @¥el S (@ TAFae 751ef ofefifae zem sge s siiare 3o A i+ @fifve e fejeer—
T (T WY FeA g (Chaos Theory) 93k ST O T TGN &< fNTEeT SRS deltaapproz8. L2 |

S. ARSI oAfow: Teero (Tt T AT Tiberel
I g AR (@I eenfod TR Afs Af@es 2,in(0, 1] Ao S0 Ao ARwae® 20
X {n+1}=rx n (1 &#8211; xX_n)

RRebre gt Kooy «fe Fe T

o 2,in[0, 1]: FCIH LFTHETOR ACHTTE ISH G5 SAIH |

o J%T oM (ra,): AFROT A (r 20T I 2, 0 &lt; rle 4) |
o AT W (1 &#8211; x_n): M M6 8 NIV (SABF &SR | TR ©-9F FRFMR (RN T=o FROT PN oS! eereq
GRS YT T |

% fReefarg o Pifarre-wafa: oo 5%
e RIS -0 ST ARRSTHR AT AT 93 AN QG ST ARS TG

o 1lerle3: Tyl O B * SRWICH (xA* = 1 &#8211; 1/r) ¢tz T |
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o rapprorv.88y: 7 R (ore 13 WNRIFHE 51& T (77 (4 I=7 I, AEFF 927 4) |
o rappror9.88: b MW TCH BIF WL T (77 | dF9F b, S, L.

o rinftyappror9.chdadots (FHETF o=): faee 2677 dfdw T woor T6 REYEFAR TS A F0E | TOR FAIR AR (I
ATRIIETS fRFCE ST T (7 SR BT |

0. FIBCTIAICT HLG &<
559 I siferefim frset HRromey AfisR T @ dfet Koz 2! 1Hred Ssire qF b o TG &0 FASHS =
delta = lim_{k to infty} frac{r_k &#8211; r_{k-1}Hr_{k+1} &#8211; r_k} approx 8.vus5205udots

a3 &R pi A -9 NCO12 eFfed CNIeF oy | ©Fe Rfermesa gfef ez, TASGAF o WHCeTI 6231 TR wiviced vt biee we
92 G2 FIRCHIIGH &FIF TRT 2 |

8. AGIAEHIR 30w AHifTs fFg wffoe

FIST W WHA TG T WG @F [ Ok @F st S ACE (29 = 0.500000000000 I $0.500000000001%), S femroms
GHCNTTC5d (lambda = In 2 &gt; 0) FRCY (12 7 ©H© o1 2@ Jfa 50T M@ co 419 o7 75pef foF sl toft Fex 1 «f5s awenrs wzees
Ruyre AGIaEIR 3rre: e 9 eensifed Tl ATR IR WES GAT 93 gRRTes o fite «i@ | efers Frds Al seren®
PRSI TR TG 77 |

SECGA: MY, AT (2026) | "FEGATE 5519 @ [Ay%/e — AFEe-ORie [ere @ IGIERIE 2E | I 0T (ST TAPTNIT, 1S Sbr |
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THE GREAT EQUATIONS SERIES - PART 19

Bell's Inequality & Quantum Entanglement

|E(a,b) — E(a,b)| + |E(a’b) + E(a'b)| <2

‘Quantum Non-Locality: Quantum Bound Violates Inequality up to 2v2 = 2.828 (Tsirelson's Bound)

John Stewart Bell (1964) EPR Paradox Refutation Local Realism Death Nobel Prize in Physics 2022 AT GO DATION e Y N o
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550 ¢ AE WG AZAIB1EA, I (NTAE TR T @IS S [25S 2o (o191’ (EPR Paper) &6 S (FIEFOI AR Sor=sief wifd
A | ARTH1R (PR TS ARRET =1l (T NRRCIT OF 20T 6 F T4 Mot @15 @IS Wieerad miga Wi F01ba w<g) siewfre
feifas =@ Aol ats S 5% e W facafacem “g7wo] gecs f@=1” (Spooky action at a distance)| SETBIREE wif foet: agfs w2
FIAW 98I (Local Realism) TG 5CeT; “ifRICo WCo3 I8 oo (I35 At @ ST (50 To© (Il ©F (TCS A 1 | 7 wo T2 40
At Fe weiae et RO It & | SR sou8 et AR (CERN)-99 Seq wnize sifgs smefkeeal o b @@ @<t goremal sifafes
AT A FE: @0 el (Bell’s Inequality) | (@& &1 ST SEABR0E FIAI IR T 165 70, O aFfod @Il o a6
AR snfefes T () SRS FA0e ARE@ | AOCH TR ANFRTE GR T porsed S Feg eme T @ amme W2 Jo7e -
Fiaw (Non-Local) |

. TNeACT oAfeow: Dawe IsTeIa ST Jw

FOE--RICN-256 (CHSH) @eiAics afes @ 3 3f5 @ Bi1sieTs Fo1a 79 | (Resat sifisiel 356a | @feoord f63a @It o 91 a&#8217;, IR 04
6537 &1 b A b&#H8217; 2w, AFifas IR E(a, b) |

RATBIRC G ABLAIT 05 20T AT (FIRCT T SR TGS SIo7ie] (0T Belie:
S_{text{classical}} = |E(a, b) &#8211; E(a, b&#8217;)| + |E(a&#8217;,b) + E(a&#8217;, b&#8217;)| le 2

&% @SN @R @BieTe o (@iftem Feifie = Rb3wa @em MG E(a,b) = —cos(thetay) | 8¢ & @eem I5<eiey sifmns!
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S_{text{quantum}} = 2sqrt{2} approx 2.v1bv &gt; 2
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foarTe otg afeb siffmcem semre A, Bin—1, 41 | (T @0 SR Oy
A(a)[B(b) &#8211; B(b&#8217;)] + A(a&#8217;)[B(b) + B(b&#8217;)] = pm 2

=g B(b) © B(b&#8217;) (& pml S A, Sl (HICH A5 I8 *75 I3R oG prn2 20 15 | TG TG BRI T FACHA AFH W
FACAR & WO FACS A A:

|E(a, b) &#8211; E(a, b&#8217;)| + |E(a&#8217;, b) + E(a&#8217;, b&#8217;)| le 2
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THE GREAT EQUATIONS SERIES - PART 20 (GRAND FINALE)

Bekenstein—Hawking Black Hole Entropy
S {BH}=(kB-c* A)/(4 -G-h)=kB-A/4-

IR

The Grand Synthesis: k_B (Thermodynamics) - c (Relativity) - G (Gravity) - h (Quantum Mechanics)

Jacob Bekenstein (1973) Stephen Hawidng (1974) The Holographic Principle Quantum Gravity & Information THE HOLO e AR TICI RGN TIER
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59 20: og: Q@B 21FC FPINGT GG STANFAV ($S_{text{BH}} = fractk_ B ¢ A} 4Ghbar}$) | NSl SIAMG SN LT ($k_B, ¢, G, hbar$) BN Nl NeTA— FRAGE 71T
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FN-(SITR FoEN Cof FE:

o oIS SN SIgare S0l € afs-Tel (ol e 201 96 o1 Yo *Iferre $RoR0 fofes = (dM &lt; 0) |

o Ty TN MR 4 *If ST Y& 20w ANfecT Sew, T g siwiaa Tr 2 [ifsae (Hawking Radiation) R =1 (7 |
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