Harold’s Physics Formulas — Calculus

Cheat Sheet
30 October 2026

Mechanics:
Linear Translation

Mechanics:
Angular /
Rotational

Motion

See Harold’s Physics Units of Measure Cheat Sheet

Electricity /
Magnetism

Fluid Mechanics /

Thermodynamics

Atomic and
Nuclear /
Waves and Optics

See Harold’s Physics Optics Cheat Sheet

RSt Zall) = Weeier See Harold’s Physics of Projectiles Cheat Sheet See Math and Greek Symbols
Constant linear Constant angular 10730 = quecto- Fluid Mechanics: Optics:
acceleration: acceleration: 10727 = ronto- AL = at AT f= v
1 1 10~2* = yocto- A
s=5y+tvot+=at? | 0 =0y+ wyt +=at? 10‘21=ie to- -
2 2 18 p Refraction: (bend)
10718 = atto- c i 11
X = %+ ()t 10 5 = femto- "7y 4T
(constant v) 107 = pico- Diffraction (spread):
10~° = nano- P :
1 10~ = micro- AL = dsin@
Y =Yot Voyt — Egtz 10:3 = milli- Double-slit Maxima: Snell’s Law:
(up is +, constant g, 1072 - centi- dsinf = mi ny sinf; = n, sin 6,
Position neglect air resistance) 1?)0 B 1dec1- m=0,+1,%2,.. m_T2
(m) Variable linear Variable angular 10! = deca- nz "
(rad) acceleration: ) acceleration: ) 102 = hecto- '-"-C;“:*
103 = kilo-
t) = dt o) =20 dt Object
s(t) = s+ ftov (&) =6+ ftow 106 = mega- e E— o
10° = giga- r - Q:“'-H%__{ b Image
s =16 1012 = tera- 1 T— =
5 pa—
x(t) = Acos(wt + 10'° = peta- .
®) ( ®) 1018 — oo |
) 10?1 = zetta- !
Waves: x 10%* = yotta- l
fx,t) = Asin(2m (ft - i) +¢)+k 1027 = ronna- | |
103° = quetta- do di
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BRI Electricity / Fluid Mechanics / AHERITIE EIE

Mechanics: Linear

. Angular . . Nuclear
Translation 8 . / Magnetism  Thermodynamics / .
Rotational Waves and Optics
_ds w= ae Speed of Light: Fluid Mechanics: Waves and Optics:
v= dt dt ¢~ 3.00 % 108 E Continuity: v = f/1
$ Ay = Ay,
Constant linear Constant angular c Density: (steady, incompressible
acceleration: acceleration: urren.t_ ensZy ’ flow) Reflection:
v=vy+at w = wo + {lt J=nq (return into the original
V= vy+vt W = wo + wt n = number 3RT medium)
. Urms = |3,
v? = vg + 2aAs w? = w3 + 2a00 dens'/ty of Cﬁf rg¢ M Critical angle:
carriers (m™=>) n,
Variable linear Variable angular  [3ksT sin . = e
acceleration: acceleration: q= cjhar ge of each Vrms = U For light traveling from
Velocity t ¢ carrier (C) medium 1 to medium
v(t) = vy +f adt w(t)=wo+ | adt o :
(m/s) to to u = drift velocity Torricelli’s Law: 2, withny > ny.
(m /S ) v =, 2 gh
ngular ads=vdv _em speed of fluid exiting a
Angul ds=vd 0= ons (speed of fluid exiting . .
Velocity / T small outlet in a Ig tank.) Max:mc! for a thin
As film:
Angular v = .
ave = A¢ -V Constructive
Frequency " _ |k 1 1
spring — [ 2d =—,3—,5—...
(rad/s) m 2n’ 2n° 2n
(m+3)
=|m — |-
g 2/n
Wpendulum = \/; (A = vacuum wavelen.)
(for small AB)
Destructive
V=wXT m
of rotation 2d =—4
v(t) = —Aw sin(wt + ¢)
w=2r f Assumes normal
Polar Coordinates: I = frequency in incidence and one
v, =7 ravolutions/s reflection phase
vg =10 reversal.
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Mechanics:

Mechanics: Linear

Electricity /
Magnetism

Fluid Mechanics /
Thermodynamics

Atomic and
Nuclear /

Waves and Optics

. Angular
Translation g . /
Rotational
Linear: Angqular:
dv . _dw
a= i v a= T
adf =wdw
YF  Fuet . Xt _ Tnet
a=—= a=—=
m m I I

Straight-line motion: Centripetal (center):
2
a=a 4, = ay = — = wr
(no normal acceleration) ¢ "or

a,

Fixed-radius circular
motion:

Physical Constants (2022 CODATA):

Gravitational Constant

G ~ 6.67430(15) x 10711 ™

kg s?

Std. Acceleration Gravity g, = 9.806 65 sz ~ 32.1740 g, (9 = gn)

Speed of Light in Vacuum ¢ = 2.997 924 58 x 108 %

Electron-Volt
Elementary Charge
Mass of an Electron

Mass of a Proton

leV = 1.602176 634 x 1071°]

e =1.602176634%x10"1°C, (q, = —e)
m, ~ 9.109 383 713 9(28) x 10731 kg
m, ~ 1.672 621 925 95(52) x 10?7 kg

v
Acceleration ar == Mass of a Neutron m, =~ 1.674 927 498 04(95) x 10727 kg
(m/s?) N N e
(rad/s?) General motion: Electric Permittivity g =5 8.854 187 818 8(14) x 10 pr
2
a, = v Magnetic Permeability — p, = 1.256 637 061 27(20) X 10‘6%
p
a=a;+a, General polar motion | Boltzmann Constant kg = 1.380 649 x 10723 é
r = ~dc = ~an coordinates: 1 Nm?
(radial/centripetal) @ = — 702 Coulomb Constant ke = ~ 8.987 5517923 x 10° —
at=a0 T é+2'0' 41'[80 Cc
. ag=r 7
(tangential/transverse) o Faraday Constant F =eN, ~ 9.648 533 212 x 10* ﬁ
a, = ar
(fixed-radius circular motion) Planck Constant h =6.626 07015 x 10734 Js
ap = (@axr)+ (o x (@x71)) Avogadro Constant N, = 6.022 140 76 x 10?3 / mole
(rigid body rotating about a fixed point 0) Ideal Gas Constant R ~ 0.082 057 366 080 =
a(t) = —Aw? cos(wt +
© (Wt +¢) “ R~ 8314462618 —~
Jerk (Jolt) da dat mole K
3 _ _
(m/s”) j== (== pi 7 ~ 3.141 592 653 589 793 238 462 ..
(rad/s3)
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Mechanics: Linear
Translation

Mechanics:

Angular /
Rotational

Electricity /
Magnetism

Fluid Mechanics /
Thermodynamics

Atomic and
Nuclear /
Waves and Optics

See Harold’s Physics Forces with FBD Cheat Sheet

See Harold’s Physics Forces on an Incline Cheat Sheet

DLl See Harold’s Physics Atwood Machine Cheat Sheet | See Harold’s Physics Forces on an Incline with Pulley Cheat Sheet
Mass m = actual mass 1= Z mr? Magnification:
Mass Density: d; h;
(kg) I = rotational analog of m. ~m _m M| = PR
/ mass ]=fr2dm p n P—V 0 0
Momerrt of . o my, = 1,836 m, k MTelescope
Inertia Inertia is an object’s _ g
_ ‘ I=|r, erdm Pu,0o = 1000 — _ fobjective tens
(kg « m2) resistance to changes in m ="
its angular velocity. (r = perp. distance from feyepiece
the rotation axis.)
F =ma T=la Electricity: Fluid Mechanics: Strong Nuclear Force:
= ixed-axi j / : F -1 1
F, =mg (]‘/ng axis rotation Coulomb’s Law: p="C E(r) = —AeT (_ + _)
(constant mass) with constant I) F=k 41 92 5 A 2 A
2 (Yukawa model)
_ _ T=rXxF AP = phg
z F =Fper =ma _ 1 q192 5 Weak Nuclear Force:
(See the different Z _ _ 4dme, 1?2 Fouoy = pVg n-o>pt+e +7e
Force coordinate systems on T = Thet =10 (Beta Decay)
(N = the bottom right.) F =Eq Universal Gas Law:
) _dL  dw PV = nRT = NkxT where ve is an
kgem/s“) T=—=1— . B ) .
/ Z P d_p _ d(mv) dt dt Magnetism: (absolute P; T in kelvins) antineutrino
ext T gt dt Fp =qvXB Rectangular Polar/Cylindrical
Torque F =ma . .
¢ Coordinates: Coordinates:
(Nem) Friction: , Fp=1{XB Z F . Z F ( 9.2)
=ma, = mx =m\r —7r
If#s S #511\\]’ F = m—v = mrw? * * "
ux — Mk T szld{’xB
(net inward force) Z Fy = m(ré n 27.‘9-)

Typically 0 <y, < pg

Hooke’s Law:

ZFy=may=mji

Gravitational Force:
mymy Fs = —kAs Zl’z=ma2=m2 ZFZ=mZ
FG = — 1“2 Tr
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Mechanics: Linear

Translation

Mechanics:
Angular /
Rotational

Atomic and
Nuclear /
Waves and Optics

Fluid Mechanics /
Thermodynamics

Electricity /
Magnetism

Impulse and Momentum |
Constant Mass: Constant Mass: Electromagnetic Fluid Mechanics:
p=mv L=rXxp Field Momentum: VP =pg
Ap = mAv L=rXx(mv) Pfielg = (hydrostatic equilibrium)
dP
Conservation of Linear | Conservation of Angular 5 j ExXBdV o = —pg
Momentum*: Momentum*: HoC y
P1 =DP2 Ly =1L, . Steady Fluid Streams:
Eccentric Impact: dm
Vgy — U - _
S =Smwn | St | eotnote S r=  uy
Va1 — VUp1 4
(along the line of m
p=m(wXxTr) szrxv dm impact) ZM0=E((T'B><VB) — (14 X vy))
Linear Impulse and Angular Impulse and
Momentum: Momentum:
my(v), + I(w), + @ Inelastic Collision

Momentum
(kgem/s)
(kg » m?/s)

ty
Zf F dt = mi(Ui)z
ty

ty
Z f Tdt = I;(w),
ty

Elastic Collision:
my(vy)1 + mp(vp)y
=my(va), + mp(vp),

Ky + Kp1 = Kygp + Kpo

Perfectly Inelastic
Collision:

my(va); + mg(vp)y
= (my + mp)v,

Propulsion with Variable
Mass: (— rocket, + shovel)

> Ry
__dv dm,
TR /A

AL = f Tdt =1Aw
(fixed axis, constant I)

Normal component of
acceleration:

a, = —
"oop
(a, is always directed in

the +n direction.)
Radius of Curvature:
3
(1+y'?)?
= yII

Kinetic energy is not conserved,
but momentum is conserved

Kinetic energy and
momentum are conserved

Before Collision

After Collision
Var ‘.‘-f ‘kl Var
f— j —
7 /
\c‘_’_v
¥ Scnacalfacks i

* Zero net external impulse for linear momentum. Zero net external
angular impulse about the chosen origin for angular momentum.
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Mechanics: Linear

Mechanics:

Electricity /

Angular /

Fluid Mechanics /

Atomic and
Nuclear /

Translation . Magnetism  Thermodynamics .
Rotational & y Waves and Optics
Constant net force: Constant net torque:
J =FAt = Ap = mAv H=AL=1At =1Aw
(constant m) (fixed-axis rotation, constant I)
tz t2 ‘I..
J= ZJ Fdt AL = j Thet,ext dt = Tnet,ext(tz - tl)
ty ty $ Hy
Impulse = Fpet(t2 — t1) = (Hp), O y
(Nes) >
(Nemes) Variable net force: Variable net torque: A
t2 t2
]=Zf Fdt=Ap AL=f Tpet At
tl tl :
. Angular Momentum
2
AL = (rxF)dt
t1
(single external force; fixed origin)
Yank Y:m]:m@ R=I(= d_a R=rxY
(N/s) dt . . _dt (fixed r) Atomic and Nuclear:
/ Rotatum (constant mass) (fixed-axis rotation, constant I) h
A=-
(Nem/s) dF e . R = (yx F) + '(r xY) p
(torque jerk) = =mi R = - = 160 (fixed origin)
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. . Mechanics: . . . Atomic and
Mechanics: Linear Electricity/  Fluid Mechanics /
. Angular / ) ! Nuclear /
Translation . Magnetism  Thermodynamics .
Rotational Waves and Optics
Energy
Constant force: Constant torque: W = QVirop Thermodynamics: 1 Needs steady,
W =FeAs W =1tA0 W = f P dv incompressible, inviscid
(As is displacement) (fixed axis, 8 in rad) Wejectric = —qAV flow along a
w output/cycle | | Streamline, with no
Work €= |@| = | heat absorbed| | pump/turbine work.
= Ne Variable force: Variable torque:
(= Nem) d 9 Max. Carnot efficiency: | > .
_ _ Closed system,
W= |Feds W = | Taxis dO Ty — T¢ .. .
e, =——— negligible changes in
) Ty . macroscopic kinetic
W= fF evdt W= f‘f *wdt (Tu, Tc in kelvins) and potential energy.
Translational: Rotational: lelV Fluid Mechanics:
1 ~ 1.60x 10719 Bernoulli’s Equation’:
Kirans = Emvz Krotat = Elwz 1 1
Kinetic Py +pgys +5pvi* = Py + pgyz + 5 pv,”
Energy Work-Energy Theorem: Mechanical Energy: Thermodynamics: Atomic and Nuclear:
() Whet = AK Emecn =K +U K — §k T Kmax =hf — ¢
Whet = Wother — AU = Wother — AU, — AU avg — 7 "B (emission requires
1 1 K = Kirans + Krotat (T is in kelvins) hf = ¢)
AK=K2—K1=§m(v22—v12)+51(w§—wf) U=Ug+Us
Surface of Earth Gravity: Coiled Spring: Point charges: Fluid Mechanics: Atomic and Nuclear:
AU, = mgAh US=1kAsz Ug =qV P =P, + pgh E =hf
Uy, = mgh 2
1 qiqz Continuity of Mass: E, = mc?
Potential Planetary Gravity: £ dmey T P1A1v1 = pa Az, AE = (Am)c?
—_gmm
Energy Us = r Capacitor/inductor: Continuity of Volume: Relativity:
() Nonconservative 1 1 Avy = Ay,
Conservation of Work: Ue = 2 Qv = ECV E = me? 1
Mechanical Energy: Whoncons. = Thermodynamics 1° - 2
AEmech = A(K + Ug + US) U, = lLIZ LaW_Z: 1- C_z
L=
A(K + Ug + US) =0 2 AUinternat = Q@ — Wby
Copyright © 2011-2026 by Harold Toomey, Wyzant Tutor 7




M h = : e o
echanics Electricity /

Magnetism

Mechanics: Linear
Translation

Angular /

Fluid Mechanics /
Thermodynamics

Atomic and
Nuclear /

Rotational

Waves and Optics

Energy transferred by heating is Q.

Thermodynamics:

Hydrogen Electron

_ Q _ kAAT Energy Levels:
Heat Closed-system energy balance: At L _—13.6eV
Energy Q > 0 into the system (steady heat conduction) nT T2
(J) Wyy > 0 for work done by it n = principal quantum
Q = mLy number (1, 2, 3, etc.)
Q =mL,
Conservation of Energy for an isolated system: AE = Q = mcAT = mc(Tf — Ti)
Etota1 = E; = Ef (Heat is the only energy transfer, no phase
change, and approximately constant specific heat)
E = Z E; = Z E
total l 4 T = myC Ty +mycyTy;
Energy E - U I myey + myc,
(J) total = K + Upotentiar + Uinternai (No heat exchange with surroundings, no phase
Closed bal change, negligible calorimeter heat capacity,
osed-system energy balance: constant specific heats)
AEiota = AK + AUpotential + AUinternat = Q — Wby peci
J
=4,184 ——
CHy0 kg - K
P = AEtransferrer,i p= d_W P=1V P=ApQ
ave At dt
P=Fev P=Tew P=12R where:
N
= pressure (—
Power Energy transferred by Energy transferred p= V_2 p=p (mz)
(W) the process: by the process: "R
p = dE p aw Q= volumetr;’c
—_—— —_— — m
dt dt flow rate <T>
Efficiency:
_ power output
~ power input

Copyright © 2011-2026 by Harold Toomey, Wyzant Tutor




BRI Electricity / Fluid Mechanics / AHERITIE EIE

Mechanics: Linear

. Angular ) . Nuclear
Translation 8 . / Magnetism  Thermodynamics / .
Rotational Waves and Optics
Engineerine Apolication See Harold’s Center of Mass / Moment of Inertia Cheat Sheet
g g ApP See Harold’s Physics Doppler Effect Cheat Sheet
T = l _ l _ 2_7T _ @ Waves and Optics:
f f w v Lower fraquency Higher fre: f — E
1 21_[ (lower pilchy (| ighe ,| r) /1
f = — T 1 = —_— P‘CA N W
. T m angular b i
Period (s) / Tspring = 27 \/% b1 oiw “f$ Obzler Doppler Effect:
Frequency Kepler’s Third Law: For: £ (17 + vr)*
(Hz) T2 = 4_”2 -3 P = sin(bB) S\v F v
GM Tpenauium = 2T |— y = cos(bB) * = Receiver toward source: numerator +; source
(M dominant; r is g toward receiver: denominator —, with speeds
circular-orbit radius) (small oscillations) measured relative to the medium.
x4 mx Xon = X mx; Veu = X my;
M my + m, Z m; Z m;
A
Y mr X, _ ms=5kg
T = : :
Center M Xm Xoon | __——
of Mass - X, 2=4Kg
1 M ; i COM | X
(m) X = 7l ox dm ® A . 4
0 m1 mZ k
=3
where M = fOM dm K ‘ ol i &
anddm = p dz dy dx m;=3kg X
m4=2ka

|

Z E. =0 0 Fr = 0.52w Fr = 0.48w
t= cM
I_I

Rigid Bodies (Right = %7 (cw = Pivot (3 - r——
(Statics) Z i fy=d—x X i
E =0 ) § )
7 ZT=Z(Fy,i X —Feiyi) =0 ’ =d |w !
(Down = *-’)

Copyright © 2011-2026 by Harold Toomey, Wyzant Tutor 9
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Mechanics:
Angular /
Rotational

Atomic and
Nuclear /
Waves and Optics

Mechanics: Linear

Electricity /  Fluid Mechanics /

Translation Magnetism  Thermodynamics

Conservation Laws

Fundamental Conservation of Conservation of Conservation of Conservation of Conservation of
Principle Linear Momentum Angular Momentum Electric Charge Mass (or Matter) Energy
T . . Chemistry & Chemistry & Fluid .
Ph Ph L . Ph
Discipline ysics ysics Circuits Mechanics ysics
Yn-Sw | Yu-Su | Te-Yo | Tn-Yw | Ya-Xs
Formula
Yo=Yy | Yo=Y
Kirchhoff's Current Continuity of Mass: Z E, = constant
Law (KCL): P1A1v1 = p Ay,
Zero net external impulse for linear momentum. - AE
Example Zero net external angular impulse about the Z ;=0 (Classical mass ~ X’It(al AU
chosen origin for angular momentum. i=1 conservation, since mass | = AR+ BUpotential
alone is not conserved in + AUinternal
nuclear reactions.) =0Q— Wy
Fundamental Principle Fundamental Principle Fundameanial Principle .
, . - For an isolated system:
Conservation || Conservation n Conservation E
of Momentum of Energy of Angular Momentum total
= =K+ Upotential
Einstein's shows up in many + U;
Gaveat forms in s = constant
a powerful )
Mass Energy tool for “”";" exdemal Role as a
E =mc2 s Fundamental
Mechanics Problem Work-Energy Principle
S-D!'H'iﬂg Prlncipla

Copyright © 2011-2026 by Harold Toomey, Wyzant Tutor 10



See Harold’s Electromagnetic Spectrum Cheat Sheet

Circuit Terms

—| |— Capacitor

Ui Sk See Harold’s DC Circuits Cheat Sheet
E = f B dv
r - ’ .
Electric Field £ AV dr Gauss’s Law. 0
- _ R _ xenc
(V/m or N/C) e Ax Electrostatic: ¢= jg E+dA €o
E=n] E=-UV
(p = electrical resistivity)
qi
. = V = k -
Potential / Voltage 4 Ig i + '-_
(V) == _ 1 9
¢ dmeg L 1y
AQ
Current lave =27 I= aQ _@_
(A) _ vV _ dt
I = 7 I =nle|vzA
Circuits Series Parallel
—/\/\/\,— Resistor R1
R
R 2

— YY"\ Inductor
vV 1 _ Z 1
Resistance R=7 R, = Z R, R, ZuiR
(Q) R= ﬁ i R — it
A P R +R,
)
L=N+ 1 1
4 L= ) L L= 2L,
Inductance L= L i P ibi
(H) [at
N2a L Lg and L, assume negligible mutual inductance.
L=pg 7 I For a long air-core solenoid; negligible end effects.
C= Q
Capacitance v 1 1 Z
A — = — Cp = Ci
(F) _ ke Cs i Gy i
d
n

Kirchhoff's Current
Law (KCL)

The algebraic sum of currents in a network of
conductors meeting at a point (node) is zero.

Law (KVL)

Kirchhoff's Voltage

n

ZVL:O

i=1
The directed sum of the potential differences
(voltages) around any closed loop is zero.

KVL: —v+v{+vy,=0

Copyright © 2011-2026 by Harold Toomey, Wyzant Tutor
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See Harold’s Physics Maxwell’s Equations Cheat Sheet
Term Formulas Laws
I
gt
2w r
(Long straight wire)
Solenoid:
Blil = pond Ampére—Maxwell Law:
_ dog
wheren = 7 turns per meter fB o df = p,l + MOEOF
. (Long air-core solenoid,

Magnetic away from the ends) Gauss’s Law:

Field ’
(T) Moving-charge magnetic-field: jg B+dA=0
_Ho qUXT
Tam 13 1dexr
_ Mo qUXT Tor
4w 2
(Nonrelativistic approximation, v < c.
T points from the charge to the
observation point.)

Magnetic ¢pp=Be+A Magnetic Flux:
Flux (Uniform field through a flat surface; 0 —(Beda
(Wb) is measured from the surface normal) b5 =

e =Blv
(magnitude; perpendicular rod,
velocity, and uniform magnetic field) Faraday’s Law of Induction:
d
Eavg = — At dt

(V) (N turns, stationary loop) d
d e=—-L—
e=j£E-ds=——¢B dt

dt

(single stationary loop)

Sources

e Hibbeler, Russell C. (2022). Engineering Mechanics — Dynamics. 15™ Edition. Pearson.
e NIST SP 961 (2022). CODATA Recommended Values of the Fundamental Physical Constants: 2022.
https://physics.nist.gov/cuu/pdf/wall 2022.pdf
e Wikipedia (2025).
o Metric prefix. https://en.wikipedia.org/wiki/Metric prefix
o Sl derived unit. https://en.wikipedia.org/wiki/SI derived unit

Acknowledgements
e Proofread with assistance from ChatGPT 6.1 Sol, https://chatgpt.com/
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  s =   s 0 +   v 0 t +  1 2 a   t 2


  x =   x 0 +    (   v 0 )  x t


  v


  y =   y 0 +   v  0 y t −  1 2 g   t 2


  g


  𝜃 =   𝜃 0 +   𝜔 0 t +  1 2 𝛼   t 2


   10  − 30 = q u e c t o ­


   10  − 27 = r o n t o ­


   10  − 27 = r o n t o ­


   10  − 24 = y o c t o ­


   10  − 24 = y o c t o ­


   10  − 21 = z e p t o ­


   10  − 21 = z e p t o ­


   10  − 18 = a t t o ­


   10  − 18 = a t t o ­


   10  − 15 = f e m t o ­


   10  − 15 = f e m t o ­


   10  − 12 = p i c o ­


   10  − 12 = p i c o ­


   10  − 9 = n a n o ­


   10  − 9 = n a n o ­


   10  − 6 = m i c r o ­


   10  − 6 = m i c r o ­


   10  − 3 = m i l l i ­      


   10  − 3 = m i l l i ­      


   10  − 2 = c e n t i ­      


   10  − 2 = c e n t i ­      


   10  − 1 = d e c i ­          


   10  − 1 = d e c i ­          


   10 0 = 1                            


   10 0 = 1                            


   10 1 = d e c a ­


   10 1 = d e c a ­


   10 2 = h e c t o ­


   10 2 = h e c t o ­


   10 3 = k i l o ­


   10 3 = k i l o ­


   10 6 = m e g a ­


   10 6 = m e g a ­


   10 9 = g i g a ­


   10 9 = g i g a ­


   10 12 = t e r a ­


   10 12 = t e r a ­


   10 15 = p e t a ­


   10 15 = p e t a ­


   10 18 = e x a ­


   10 18 = e x a ­


   10 21 = z e t t a ­


   10 21 = z e t t a ­


   10 24 = y o t t a ­      


   10 24 = y o t t a ­      


   10 27 = r o n n a ­    


   10 27 = r o n n a ­    


   10 30 = q u e t t a ­  


   10 30 = q u e t t a ­  


  ∆ ℓ = 𝛼  ℓ 0 ∆ T


  f =   v  𝜆


   1    d  o +  1    d  i =  1  f


  n =   c  v


  ∆ L = d  sin ⁡  𝜃


  d  sin ⁡  𝜃 = m 𝜆


  m = 0 , ± 1 , ± 2 , …


  m = 0 , ± 1 , ± 2 , …


    n 1  sin ⁡    𝜃 1 =   n 2  sin ⁡    𝜃 2


      n 1    n 2 =     v 2    v 1


      n 1    n 2 =     v 2    v 1


  s ( t ) =   s 0 +   ∫    𝒕  𝟎  𝒕  v   d t


  𝜃 ( t ) =   𝜃 0 +   ∫    𝒕  𝟎  𝒕  𝜔   d t


  s = r 𝜃


  x ( t ) = A  cos ⁡   ( 𝜔 t + 𝜙 )


  f ( x , t ) = A   sin ⁡ ( 2 𝜋  ( f t −   x  𝜆 ) + 𝜙 ) + k


  v =   d s  d t


  v =     v 0 + a t


  v =     v 0 +   v . t


  v =     v 0 +   v . t


    v 2 =   v 0 2 + 2 a ∆ s


  v ( t ) =   v 0 +   ∫    𝒕  𝟎  𝒕  a   d t


  a   d s = v   d v


    v  a v e =   ∆ s  ∆ t


  𝜔 =   d 𝜃  d t


  𝜔 =   𝜔 0 + 𝛼 t


  𝜔 =   𝜔 0 +   𝜔 . t


  𝜔 =   𝜔 0 +   𝜔 . t


    𝜔 2 =   𝜔 0 2 + 2 𝛼 ∆ 𝜃


  𝜔 ( t ) =   𝜔 0 +   ∫    𝒕  𝟎  𝒕  𝛼   d t


  𝜔 =   2 𝜋  T = 2 𝜋 f


    𝜔  s p r i n g =    k  m


    𝜔  p e n d u l u m =    g ℓ  


  Δ 𝜃


  c ≈ 3 . 00 ×  10 8     m  s


  𝒋 = n q 𝒖


  n


    m  − 3


  q


  u  


  m / s


    A 1   v 1 =   A 2   v 2


    v  r m s =    3 R T  M


    v  r m s =    3   k  B T  𝜇


  v =  2 g h


  v = f 𝜆


   sin ⁡    𝜃  c =     n 2    n 1


    n 1 >   n 2


  2 d =   𝜆  2 n , 3   𝜆  2 n , 5   𝜆  2 n …


  =  ( m +  1 2 )   𝜆  n


  =  ( m +  1 2 )   𝜆  n


  𝜆 =


  2 d =   m  n 𝜆


  𝒗 = 𝝎 × 𝒓


  v ( t ) = − A 𝜔  sin ⁡   ( 𝜔 t + 𝜙 )


    v  r =   r .


    v  𝜃 = r   𝜃 .


    v  𝜃 = r   𝜃 .


    𝐬  𝟐


   s 2


  a =   d v  d t =   v .


  a =    ∑  F  m =     F  n e t  m


  𝒂 =   𝒂  t


  𝛼 =   d 𝜔  d t


  𝛼   d 𝜃 = 𝜔   d 𝜔


  𝛼   d 𝜃 = 𝜔   d 𝜔


  𝛼 =    ∑  𝜏  I =     𝜏  n e t  I


  𝛼 =    ∑  𝜏  I =     𝜏  n e t  I


    a  c =   a  n =     v 2  r =   𝜔 2 r


  G ≈ 6 . 674   30 ( 15 ) × 1  0  − 11       m 3  k g     s 2


    g  n = 9 . 806   65     m    s 2 ≈ 32 . 174   0     f t    s 2


  g ≈   g  n


  c = 2 . 997   924   58 × 1  0 8     m  s


  1 e V = 1 . 602   176   634 × 1  0  − 19   J


  e = 1 . 602   176   634 × 1  0  − 19   C ,     (   q  e = − e )


    m  e ≈ 9 . 109   383   713   9 ( 28 ) × 1  0  − 31   k g


    m  p ≈ 1 . 672   621   925   95 ( 52 ) × 1  0  − 27   k g


    m  n ≈ 1 . 674   927   498   04 ( 95 ) × 1  0  − 27   k g


    𝜀 0 =  1    𝜇 0   c 2 ≈ 8 . 854   187   818   8 ( 14 ) × 1  0  − 12     C 2  N   m 2


    𝜇 0 ≈ 1 .   256   637   061   27 ( 20 ) × 1  0  − 6   N    A 2


    k  B = 1 . 380   649 × 1  0  − 23     J  K


    k  e =  1  4 𝜋   𝜀 0 ≈ 8 . 987   551   792   3 × 1  0 9     N   m 2    C 2


  F = e   N  A ≈ 9 . 648   533   212 × 1  0 4     C  m o l


  h = 6 . 626   070   15 × 1  0  − 34   J s


    N  A = 6 . 022   140   76 × 1  0 23   /   m o l e


  R ≈ 0 . 082   057   366   080     L   a t m  m o l e   K


  R ≈ 8 . 314   462   618     J  m o l e   K


  𝜋 ≈ 3 . 141   592   653   589   793   238   462   . .


    a  r = −     v 2  r


    a  n =     v 2  𝜌


  𝒂 =   𝒂  𝒕 +   𝒂  𝒓


    a  r =   − a  c =   − a  n


    a  r =   − a  c =   − a  n


    a t =   a  𝜃


    a  r =   r ¨ − r     𝜃 . 2


    a  𝜃 = r   𝜃 ¨ + 2   r .   𝜃 .


    a  𝜃 = r   𝜃 ¨ + 2   r .   𝜃 .


    a  t = 𝛼 r


    𝒂  𝑷 =  ( 𝜶 × 𝒓 ) +  ( 𝝎 ×  ( 𝝎 × 𝒓 ) )


  O


  a ( t ) = − A   𝜔 2  cos ⁡   ( 𝜔 t + 𝜙 )


    𝐬  𝟑


   s 3


  j =   d a  d t


    ζ =   d 𝛼  d t


  kg •  m 2


  m


  I


  I =  ∑  m   r 2


  I =  ∫    r 2 d m


  I =  ∫    𝒓 ⊥ • 𝒓   d m


  r


    m  p ≈   m  n


    m  p ≈   1 , 836   m  e


  𝜌 =   m  V


    𝜌    H 2 O   = 1000     k g    m 3


   | M | =  |     d  i    d  o | =  |    h  i   h  o |


    M  T e l e s c o p e = −     f  o b j e c t i v e   l e n s    f  e y e p i e c e


  •


    𝒔  𝟐


  •


  F = m a


    F  g = m g


    F  g = m g


   ∑  𝑭 =   𝑭  n e t = m 𝒂


   ∑    𝑭  𝒆 𝒙 𝒕 =   d 𝒑  d t =   d ( m 𝒗 )  d t


    F    𝜇  s ≤   𝜇  s N


    F    𝜇  k =   𝜇  k N


    F    𝜇  k =   𝜇  k N


  T y p i c a l l y   0 ≤   𝜇  k ≤   𝜇  s


  T y p i c a l l y   0 ≤   𝜇  k ≤   𝜇  s


    𝑭  G = − G     m 1     m 2    r 2     𝒓 ^


  𝜏 = I 𝛼


  I


  𝝉 = 𝒓 × 𝑭


   ∑  𝝉 =   𝝉  n e t = I 𝜶


  𝝉 =   d 𝑳  d t = I   d 𝝎  d t


  F = m   a  c


  F =     m v 2  r = m r   𝜔 2


    𝑭  s = − k Δ 𝒔


  𝑭 = k     q 1     q 2    r 2   𝒓 ^


  𝑭 =  1  4 𝜋   𝜖 0       q 1     q 2    r 2   𝒓 ^


  𝑭 = 𝑬 q


    𝑭  B = q 𝒗 × 𝑩


    𝑭  B = I ℓ × 𝑩


  𝑭 =  ∫  I   d ℓ × 𝑩


  P =   F  A


  ∆ P = 𝜌 h g


    F  b u o y = 𝜌 V g


  P V = n R T = N   k  B T


  P


  T


    F  r ( r ) = − A   e    − r  𝜆  (  1    r 2 +  1  𝜆 r )


  n →   p + +   e − +   v e -  


    v e -  


   ∑    F  x = m   a  x = m   x ¨


   ∑    F  y = m   a  y = m   y ¨


   ∑    F  z = m   a  z = m   z ¨


   ∑    F  r = m  (   r ¨ − r     𝜃 . 2 )


   ∑    F  𝜃 = m  ( r   𝜃 ¨ + 2   r .   𝜃 . )


   ∑    F  z = m   z ¨


  •


  kg •  m 2 / s


  𝒑 = m 𝒗


  ∆ 𝒑 = m ∆ 𝒗


  ∆ 𝒑 = m ∆ 𝒗


    𝒑 1 =   𝒑 2


   ∑  m   𝒗 1 =  ∑  m   𝒗 2


  𝒑 = m ( 𝝎 × 𝒓 )


  𝑳 = 𝒓 × 𝒑


  𝑳 = 𝒓 × ( m 𝒗 )


  𝑳 = 𝒓 × ( m 𝒗 )


    𝑳 1 =   𝑳 2


   ∑  I   𝝎 1 =  ∑  I   𝝎 2


  L =  ∫  𝒓 × 𝒗   d m


    𝑷  field =


   1    𝜇 0   c 2  ∫  𝑬 × 𝑩   d V


   1    𝜇 0   c 2  ∫  𝑬 × 𝑩   d V


  e =     v  B 2 −   v  A 2    v  A 1 −   v  B 1


  𝛻 P = 𝜌 𝒈


    d P  d y = − 𝜌 g


   ∑  𝑭 =   d m  d t  (   𝒗  B −   𝒗  A )


   ∑    𝑴  𝑶 =   d m  d t  (  (   𝒓  B ×   𝒗  B )   −    (   𝒓  A ×   𝒗  A ) )


    m  𝒊    (   v  i ) 1 +


   ∑    ∫    t 1    t 2  F   d t =   m  𝒊    (   v  i ) 2


   ∑    ∫    t 1    t 2  F   d t =   m  𝒊    (   v  i ) 2


    I  𝒊    (   𝜔  i ) 1 +


   ∑    ∫    t 1    t 2  𝜏   d t =   I  𝒊    (   𝜔  i ) 2


   ∑    ∫    t 1    t 2  𝜏   d t =   I  𝒊    (   𝜔  i ) 2


    m  A    (   v  A ) 1 +   m  B    (   v  B ) 1 =   m  A    (   v  A ) 2 +   m  B    (   v  B ) 2


    K  A 1 +   K  B 1 =   K  A 2 +   K  B 2


  ∆ L =  ∫  𝜏   d t = I ∆ 𝜔


  I


    a  n =     v 2  𝜌


    a  n


  n


  𝜌 =  |      ( 1 +   y  ′   2 )   3 2    y  ′ ′ |


    m  A    (   v  A ) 1 +   m  B    (   v  B ) 1 =  (   m  A +   m  B )   v 2


   ∑    F  c v = m   d v  d t ±   v    D  e   d   m  e  d t


  •


  •


  •


  J = F   ∆ t = ∆ p = m ∆ v


  m


  J =  ∑    ∫    t 1    t 2  F   d t =   F  n e t (   t 2 −   t 1 )


  J =  ∑    ∫    t 1    t 2  F   d t = ∆ p


  H = ∆ L = 𝜏   ∆ t = I ∆ 𝜔


  I


  ∆ 𝑳 =   ∫    t 1    t 2    𝝉  n e t , e x t   d t =   𝝉  n e t , e x t (   t 2 −   t 1 )


  ∆ 𝑳 =   ∫    t 1    t 2    𝝉  𝒏 𝒆 𝒕   d t


  ∆ 𝑳 =   ∫    t 1    t 2   ( 𝒓 × 𝑭 )   d t


  Y = m j = m   d a  d t


    Y =   d F  d t = m   x ⃛


  R = I 𝜁 = I   d 𝛼  d t


  I


  R =   d 𝜏  d t = I   𝜃 ⃛


  𝑹 = 𝒓 × 𝒀


  r


  𝑹 =  ( 𝒗 × 𝑭 ) +  ( 𝒓 × 𝒀 )


  𝜆 =  h  p


  •


  W = 𝑭 • Δ 𝒔


  Δ s


  W =  ∫  𝑭 • d 𝒔


  W =  ∫  𝑭 • 𝒗   d t


  W = 𝜏   Δ 𝜃


  𝜃


  W =  ∫    𝜏  a x i s d 𝜃


  W =  ∫  𝝉 • 𝝎   d t


  W = Q   V  d r o p


    W  electric = − q Δ V


  W =  ∫  P   d V


  e =  |   W    Q  H | =  |   o u t p u t / c y c l e  h e a t   a b s o r b e d |


    e  c =     T  H −   T  C    T  H


    T  H ,   T  C


    K  t r a n s =  1 2 m   v 2


    K  r o t a t =  1 2 I   𝜔 2


  1   e V ≈ 1 . 60 ×  10  − 19   J


    P 1 + 𝜌 g   y 1 +  1 2 𝜌     v 1 2 =   P 2 + 𝜌 g   y 2 +  1 2 𝜌     v 2 2


    W  n e t = ∆ K


    W net =   W other − Δ U =   W other − Δ   U  g − Δ   U  s


    W net =   W other − Δ U =   W other − Δ   U  g − Δ   U  s


  ∆ K =   K 2 −   K 1 =  1 2 m  (   v 2 2 −   v 1 2 ) +  1 2 I  (   𝜔 2 2 −   𝜔 1 2 )


  ∆ K =   K 2 −   K 1 =  1 2 m  (   v 2 2 −   v 1 2 ) +  1 2 I  (   𝜔 2 2 −   𝜔 1 2 )


    E  m e c h = K + U


  K =   K  t r a n s +   K  r o t a t


  U =   U  g +   U  s


  U =   U  g +   U  s


    K  a v g =  3 2   k  B T


    K  m a x = h f − 𝜙


  h f ≥ 𝜙


  ∆   U  g = m g ∆ h


    U  g = m g h


    U  g = m g h


    U  G = − G     m 1   m 2  r


  ∆   E  m e c h =


  ∆  ( K +   U  g +   U  s ) = 0


  ∆  ( K +   U  g +   U  s ) = 0


    U  s =  1 2 k   Δ s 2


    W  n o n c o n s . =


  ∆  ( K +   U  g +   U  s )


  ∆  ( K +   U  g +   U  s )


    U  E = q V


    U  E =  1  4 𝜋   𝜖 0       q 1   q 2  r


    U  C =  1 2 Q V =  1 2 C   V 2


    U  L =  1 2 L   I 2


  P =   P 0 + 𝜌 g h


    𝜌 1   A 1   v 1 =   𝜌 2   A 2   v 2


    A 1   v 1 =   A 2   v 2


    ∆ U  i n t e r n a l = Q −   W  b y


  E = h f


    E 0 = m   c 2


  ∆ E = ( ∆ m )   c 2


  ∆ E = ( ∆ m )   c 2


  E = m   c 2  (  1   1 −     v 2    c 2 )


  Q


  Q > 0


    W  by > 0


  H =   Q  ∆ t =   k A ∆ T  L


  Q = m   L  f


  Q = m   L  v


  Q = m   L  v


    E  n =   − 13 . 6   e V    n 2


      E  t o t a l = E  i =   E  f


    E  t o t a l =  ∑    E  i =  ∑    E  f


    E  t o t a l = K +   U  p o t e n t i a l +   U  i n t e r n a l


  Δ   E  total = ∆ K +   ∆ U  p o t e n t i a l +   ∆ U  i n t e r n a l = Q −   W  b y


  ∆ E = Q = m c ∆ T = m c  (   T  f −   T  i )


    T  f =     m 1   c 1   T  1 i +   m 2   c 2   T  2 i    m 1   c 1 +   m 2   c 2


    c    H 2 O = 4 , 184     J  k g ∙ K


    P  a v e =   ∆   E  t r a n s f e r r e d  ∆ t


  P =   d W  d t


  P = I V


  P =   I 2 R


  P =     V 2  R


  P = Δ p   Q


  p = p r e s s u r e    (   N    m 2 )


  Q = v o l u m e t r i c  


  f l o w   r a t e    (     m 3  s )


  f l o w   r a t e    (     m 3  s )


  P = 𝑭 • 𝒗


  P =   d E  d t


  𝜀 =   p o w e r   o u t p u t  p o w e r   i n p u t


  P = 𝝉 • 𝝎


  P =   d W  d t


  T =  1  f


  f =  1  T


  f =  1  T


    T 2 =  (   4   𝜋 2  G M )   r 3


  M


  r


  T =  1  f =   2 𝜋  𝜔 =   2 𝜋 r  v


    T  s p r i n g = 2 𝜋    m  k


    T  p e n d u l u m = 2 𝜋   ℓ  g


    T  a n g u l a r =   2 𝜋   | b |


  y =   s i n ⁡   ( b 𝜃 )


  y =   c o s ⁡   ( b 𝜃 )


  y =   c o s ⁡   ( b 𝜃 )


  f =   v  𝜆


    f  r =   f  s    (   v ±   v  r  v ∓   v  s ) ∗


    x  C M =     m 1   x 1 +   m 2   x 2    m 1 +   m 2


    r  C M =    ∑  m r   ∑  m


    x - =  1  M     ∫ 0  M  x   d m


  M =   ∫ 0  M  d m


  d m = 𝜌   d z   d y   d x


    x  C M =    ∑    m  i   x  i   ∑    m  i


    y  C M =    ∑    m  i   y  i   ∑    m  i


   ∑    F  x = 0


   ∑    F  y = 0


   ∑  𝜏 = 0


   ∑  𝜏 =  ∑   (   F  y , i     x  i −   F  x , i     y  i ) = 0


   ∑    𝒑  i =  ∑    𝒑  f


   ∑  m   𝒗  i =  ∑  m   𝒗  f


   ∑    𝑳  i =  ∑    𝑳  f


   ∑  I   𝝎  i =  ∑  I   𝝎  f


   ∑    Q  i =  ∑    Q  f


   ∑    m  i =  ∑    m  f


   ∑    E  i =  ∑    E  f


    ∑  i = 1  n    I  i = 0


    𝜌 1   A 1   v 1 =   𝜌 2   A 2   v 2


   ∑    E  i = c o n s t a n t


  Δ   E  total = ∆ K +   ∆ U  p o t e n t i a l +   ∆ U  i n t e r n a l = Q −   W  b y


    E  t o t a l = K +   U  p o t e n t i a l +   U  i n t e r n a l = c o n s t a n t


  𝑬 =   𝑭  q


    E  x , a v g = −   ∆ V  ∆ x


    E  x , a v g = −   ∆ V  ∆ x


  𝑬 = 𝜌 𝑱


  𝑬 = 𝜌 𝑱


  𝜌 =


    E  r = −   d V  d r


  𝑬 = − 𝛻 V


  𝜙 =  ∮  𝑬 • d 𝑨 =     Q  e n c    𝜖 0


  V = I R


  V =   Q  C


  V =   Q  C


  V = k   ∑  i      q  i    r  i


  V =  1  4 𝜋   𝜖 0   ∑  i      q  i    r  i


  V =  1  4 𝜋   𝜖 0   ∑  i      q  i    r  i


    I  a v e =   ∆ Q  ∆ t


  I =   V  R


  I =   V  R


  I =   d Q  d t


  I = n | e |   v  d A


  I = n | e |   v  d A


  R =   V  I


  R =   𝜌 ℓ  A


  R =   𝜌 ℓ  A


    R  s =     ∑  i    R  i


   1    R  p =     ∑  i   1    R  i


    R  p =     R 1   R 2    R 1 +   R 2


    R  p =     R 1   R 2    R 1 +   R 2


  L = N  Φ  I


  L =     V  L    d I  d t


  L =     V  L    d I  d t


  L =   𝜇 0       N 2 A ℓ      1


  L =   𝜇 0       N 2 A ℓ      1


    L  s =     ∑  i    L  i


   1    L  p =     ∑  i   1    L  i


    L  s


    L  p  


  C =   Q  V


  C =   𝜅   𝜖 0 A  d


  C =   𝜅   𝜖 0 A  d


   1    C  s =     ∑  i   1    C  i


    C  p =     ∑  i    C  i


    ∑  i = 1  n    I  i = 0


    ∑  i = 1  n    V  i = 0


  B =     𝜇 0  2 𝜋     I  r


  S o l e n o i d :


    B  s =   𝜇 0 n I


    B  s =   𝜇 0 n I


  w h e r e   n =   N  𝓵   t u r n s   p e r   m e t e r


  w h e r e   n =   N  𝓵   t u r n s   p e r   m e t e r


  𝑩 =     𝜇 0  4 𝜋     q 𝒗 × 𝒓    r 3


  𝑩 =     𝜇 0  4 𝜋     q 𝒗 ×   𝒓 ^    r 2


  v ≪ c


  𝒓


   ∮  𝑩 • d 𝓵 =   𝜇  o I +   𝜇 0   𝜀 0   d  ϕ  E  d t


   ∮  𝑩 • d 𝑨 = 0


  d 𝑩 =     𝜇 0  4 𝜋     I   d 𝓵 × 𝒓    r 3


    𝜙  B = 𝑩 • 𝑨


  𝜃


   ϕ  B =  ∫  𝑩 • d 𝑨


  𝜀 = B l v


    𝜀  a v g =   −     N ∆  ϕ  B  ∆ t


  N


  𝜀 =  ∮  𝑬 • d 𝒔 =   −   d   𝜙  B  d t


   ∮  𝑬 • d 𝓵 = −   d   𝜙  B  d t


  𝜀 = − L   d I  d t

