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athematical equations depict, in the greatest and most beautiful
M sense, the essence of most of the physical phenomena. Some
equations are just half-inches long and some can be extremely long and
complicated. In this short article, I shall demystify and explain some of the

longest equations in physics and mathematics.

Lagrangian of the Standard Model

The standard model of particle physics is one of the most crucial discoveries
of 20th and 21st-century physics as it explains some of the most
fundamental forces of nature. I used the word “some” because it doesn’t, or
so far hasn’t been able to fully, explain the weakest force of all- gravity. The
model can be represented in many different ways. You might be familiar
with the periodic table-like representation where the particles are arranged
in a specific manner. It can also be represented mathematically in different
forms. However, one such form exists which explains it in quite an
interesting way, the Lagrangian form. The Lagrangian is a fancy way of
writing an equation to determine the state of a changing system and explain
the maximum possible energy the system can maintain. It is one of the most

compact ways of explaining the standard model.

Loy = —lauﬂp vy — g9:f**0 Lﬂﬁﬂﬂ.‘?; 45’sfﬂmf“m9f¢9£:§:fﬂi EB‘UW:ELW; -
MWW, —38,2%8,Z) — 55 M?Z%2" — 18,A,8, A, — igc(8,Z0(W, W, —
W;W; ) — ZE(W;QUW; -W oWH+ Z)(WioW, — W, 0,W])) —

195, (0, A, (WW,; —W; W) — A, (W+a W, -W;oW)+AWIoW, -
W, 0,W,)) — 39*W, W, W, W, +1 2W+W W,W, + g% (ZW} Z0W, —
ZSZOW, W, ) + ¢°s% (A, W AW, — AAWIW ) + g*suew(AuZO(WIW, —
WiW,) —24,Z20W; W, ) — 26,HO,H — 2 M0y, H? — 09" 0,0~ — 30,0°0,4° —
O (24 + BLH + Y(H? + §°6° +267¢7)) + L an, -
ganM (H® + HP¢° + 2H¢ ¢™) —
(0°)" +4(67¢7)" +4(¢°)°¢7 ¢~ + AH?¢T¢™ + 2(¢°)* H?) —
gMW W, H — %g%ZﬂZﬂH —
719 (Wi (0°9,6™ — 670,0°) — W (¢°0,9" — ¢79,9°)) +
59 W, (HO9™ — ¢~ 0. H)+ W, (HOu$" — ¢*0uH ) + 39:(Z)(HO,¢° — ¢°0,.H) +
M (Z70,6°+ W+dﬂ¢ + W, 8,0%) —igSMZO(W,f ¢~ — W, ¢*)+igsuM A (W™ —
Wio™) - ty e 70§ 0ud™ — 67 0ug") +igsuAu($7 0,0 — 70,6") —
i EWW’PL (H* (f:i'”) +2¢7¢7) - 39° 2 2,7, (H* + (¢ﬂ)2+2(252 —1)%7¢7) -

$g%ay, (H* +

;g?; W6 + W, 6") - —wﬂwﬁﬂ(w C—Wit) + g, A (Wi +
W ¢+) + —zq S%A HW;i¢~ —W;ét) - ﬁu_(z% ~ I)ZEAﬁc,f-quf:—
Eﬂuﬂncﬁ ¢~ + 319s A4 (G797 ) gl — ""(’r3+m Jet — i {’r5+mijﬂl —u3(70 +

my)u) —d*(ﬁ*3+md)d*+195u Ay (— (@) + 2@y u)) — 5(d)vd))) +
—E:ZE{( AL+ 2R )+(E 7”(43 —1-7")e "“)+ (d”“‘*"'r‘"'('gl w—1—=7")d}) +
(v (1 = 385, + 7 )u)} + 55 Wo (7394 (1 + ) UM pee) + (w39#(1 +7°)Casd)) +
W (( ] (L + P + ([dECL* (1 +97)u))) +
—97-2M =¢" (—mE (MU' (1 — 7°)e”) + m (U5 (1 + 7°)e*) +

Eﬂiﬂﬁfi’ (mi(—lUﬂﬂpf (l-l-’]r“ﬁ)l—’x)— S(EAUMPTE(I_ Ei) ) %T{ H(U’I‘U‘h]
ﬁf-ﬂ("" e)) + L2 §0 (P P1) — 2 ’L ¢'(e*y’et) — za My, (1 - }f{n—
2o\ ME (1 —75)0, +Tfr¢_ mf(a3C). (1 —wd;)+m(ﬁcm(1+»f df) +
varqﬁ (md(d"-‘ﬂlﬁ(l—{—“f) -)— ﬁ(dﬁ‘ﬂ’lﬁ(l—'}fﬁ)u‘i) %%'-H{ ] Jj—
LT H (D)) + £ (ady ) — £ %%”{Jﬁﬁti}} + GUO°G® + g,f0,G G, +
XHO2 — M))X+ 4+ X (6 — ME)X‘+X”(82—{§_ ) X° + YO +ige, W, (8, X°X~ —
0, Xt XO)+igs, ,WH(0,Y X~ — 3, XTY) +ige, W, (3, X X° —
9, X°X+)+igs,W (5,1,}( Y -9, YXT )+ig%ZD(5#}E+X+—
d, X-X- )+igs, A, (0, X T X+ —
0, X" X")—LgM ()‘(+X H+X X~ H+?;XUXDH)+EH§M (X+X0¢+
Ligh (X0X~¢* — XOX*¢~)+igMs,, (XOX~¢* — XOX*¢) +
LigM (X*XT¢"— XX ¢°) .

~ X" X% ")+

Lagrangian form of the standard model. Thomas Gutierrez, an assistant professor of Physics at California
Polytechnic State University, transcribed the Standard Model Lagrangian for the web. He derived it from
Diagrammatica, a theoretical physics reference written by Nobel Laureate Martinus Veltman.

The story of the Standard Model started in the 1960s with the elaboration
of the theory of quarks and leptons, and continued for about five decades

until the discovery of the Higgs boson in 2012.

Explicitly, the parts forming the entire Lagrangian generally consist of :
Free fields: massive vector bosons, photons, and leptons.

Fermion fields describing matter.

The Lepton-boson interaction.

Third-order and fourth-order interactions of vector bosons.

The Higgs section.

The first three lines of the equation are ultra-specific to the gluons, the
boson that carries the strong force. Almost half of this equation is dedicated
to explaining interactions between bosons, particularly W and Z bosons.
Bosons are force-carrying particles, and there are four species of bosons
that interact with other particles using three fundamental forces. The rest
half of the equation explains how elementary matter particles interact with
the weak force and how matter particles interact with Higgs ghosts (virtual
artifacts from the Higgs field).

The Quadratic Formula

We all are familiar with the general second-degree polynomial quadratic
formula with provides a solution to the equation under consideration. The
cubic formula, for a third-degree polynomial, is even longer, despite still

being of modest size and certainly within reason to memorize.
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Formula for the solution of third-degree polynomial

The formula for the solution of a fourth-degree polynomial, however, is

truly massive, though not much complicated.
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Formula for the solution of a quartic polynomial

The solution to a general quintic equation in terms of hypergeometric
functions by the Bring-Jerrard reduction might be a good candidate. A
paper titled ON THE COMPLETE SOLUTION TO THE MOST GENERAL FIFTH
DEGREE POLYNOMIAL by Richard J. Drociuk at the Physics Department of

Simon Fraser University provides e closed-

the General Quintic Equation. The paper

equations in computer notation but not p!

form solution for the five roots of

has at the end some of the

lugged together. When plugged

together, they expand to form the full equation at large asteroid size.

The longest math equation contains around 200 terabytes of text called the

Boolean Pythagorean Triples problem. It was first proposed by

California-based mathematician Ronald Graham, back in the 1980s.

Thank you so much for reading. If you like my work and want to support me

then please sign up to become a medium member using this link or else,

you can buy me a coffee &3.
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