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Physics 8.01 TEAL Fall Term 2004
Final Exam: Equation Summary

First Law of Thermodynamics: - O ' R

AU EUf_Ui:_Wi—H—'—Qi—H p=mv, FaveAt_Ap’ Fext _T
t=t;

Thermistor Calibration: Impulse: T = I F(t)dt = Ap

R(T)=Re ™ .

Torque: 7, =1, xF,

Tzln(Ro/R)/Ol a
|%s| :‘Fs,pHFP‘SiHH: r,F=rF,

Mechanical Equivalent of Heat:

(dE, e /dt) =—k (dQ/dt) Static Equilibrium:
(dQ/dt)=cm(dT /dt) Fow =F +F+...=0;
Power: P=7w P =AVI TN =T, +T,+..=0.
Specific Heat: dL.
¢, o, =lcal/g-"C Rotational dynamics: 79 = dts
lcal = 4.186J Angular Velocity: & =(d6/ dt)ﬁ
Ideal Gas Law: -
PV =n_RT = NkT Angular Acceleration: g = (d 26’/dt2>k
P ressure = 1/3 p V2
p (1/3) ( )ave Fixed Axis Rotation: 7, =l a
Equipartition of Energy: 2 =l = do
(# of degrees of freedom) 3 dt

U= n,RT ==—n RT . 2

2 2 Moment of Inertia: | = I dm(r,)

body

Constants: Angular Momentum: Lg =¥, xmv,

k=1.38x10%J-K™
N, =6.022x10% molecules - mole™

R=N,k=8.31J -mole*-K™

‘ES‘:‘fS,mHmﬂsinH: np=rp,

Rotation and Translation:

y total _ gorbital , ¥ spin
L7 =Ly " +L_," ",

Pressure: s .

P — dFJ_ LCmspm = ICm(B(S:ﬁ]m

1bar d=A105 Pa Losrbltal — rf,cm >.<ptotal ’ ) |

1atm =1.013x10°Pa T = dL,™ TN — AL, ™
dt dt

Momentum:

Rotational Energy:



1

_ 2
Kcm - E Icma)cm

Rotational Power:

P =—dWr°t—? " O=TW=T a6
rot — dt S S S dt

Angular Impulse:
~ ty — — —
Jg =j[0 T,dt=ALg =L, — Ly,

One Dimensional Kinematics:
Vzdf/dt, a=dv/dt

t'=t
v, (0)=V,, = [ & (t)dt

t'=0

t'=t

X(t) — X, = j v, (t)dt’

t'=0

Constant Acceleration:
1
X(t) =Xo Vo (t _to) +Eax (t _t0)2

Vx (t) = Vx,O + ax (t _tO)

1
y(t) =Y, +V,(t—ty) +§ay (t—t,)°

v,()=v,,+a,(t—t)

where X,,V, 4, ¥, V,, are the initial

position and velocities components at
t=t,

Newton’s Second Law:

Femi B —F+F,

Newton’s Third Law: 17“1]2 =-F,,

Force Laws:
Universal Law of Gravity:
mm, . :
F,=-G—5*r, , attractive
1,2

Gravity near surface of earth:

F . =M,,g, towards earth
Contact force:
F_ .. =N+f, depends on applied

forces

Static Friction:
OS fs < fs,max :lusN

direction depends on applied forces

Kinetic Friction:
f. = 1, N opposes motion

Hooke’s Law:
F =k|Ax|, restoring

Kinematics Circular Motion:
arc length:s=R& ;

angular velocity: o =dé/dt
tangential velocity: v=Rw;

angular acceleration:

a =dw/dt =d?0/dt? ;
tangential acceleration a, = Rer .

Period: T =—27ZR :2—7[;
Vv @

frequency: f =

1
T 27
Radial Acceleration:
2

v
a|=Re"; [a|=—;
47°R

T 2

la,|=47°R % ; |a|=
Centelf of Mass:

i=N
R, =Y mr/m™ — J' dmr /m*;
i=1 body

Velocity of Center of Mass:



total total

V., =y mv./m —>'[dm€r/m
i=1 body

Torque: 7T, =7, xF,;

|%s| :‘FS’pHFP‘SinH: r,F=rF,

Static Equilibrium:

Foa=F+F,+..=0;
—total __ — = N
Ts =Tg,+Ts,+..=0.
Kinetic Energy:

K :lmvz; AK :lmvfz—lmvo2
2 2 2

Work: W = rfi‘-df;

Work- Kinetic Energy: W = AK
Power: P =F.v=dK/dt
Potential
B
Energy: AU = _Wconservative = _'[ ii‘c -dr
A

Potential Energy Functions with Zero
Points:

Constant Gravity:
U (y) = mgy with U (y, =0)=0.

Inverse Square Gravity:
mm, .
U gravity (r) =- G - Wlth

Ugravity (rO = OO) = 0 '

Hooke’s Law:

(x)=%kx2 with U_. (x=0)=0.

U spring spring

Work- Mechanical Energy:
W =AK +AU"™™ = AE

mech

Planetary Motion:
Energy:

E=(1/2)uv* —(Gmm, /r)
E= (1/2)(dr/dt)2 +Ueffective
Ueffective :(LZ /zﬂrz)—(GmlmZ/r)

Angular Momentum:
L= urv,

angential

Orbit Equation:
r=(r,/(1-cosh))

radius of lowest energy circular orbit
r,=(L*/ uGmm, )
eccentricity

= (1+(2EL2 /(y(Gmlmz)z)));

Equal Area Law:
(dA/dt)= ( L/2u)

Period Law:
4r%ad

) L
G(m +m,)



