Physics 2425
Formula Sheet — Final

=  One-dimensional kinematics
o displacement: Ax=X; —X;

total distance traveled
e  averagespeed =

total time
e average velocity: v A X 7X
YAt -t
. . . AX dx
e instantaneous velocity: v= lim —=—
At—0 At dt
L AV Vi =YV
e average acceleration: a,, =—=——
Attt
AV dv d®x

e instantaneous acceleration: a= lim —=—=——
A—0 At dt (dt?

e One-dimensional motion with constant acceleration:
(1) v=vy+at

(2) x=x +£v +V)t
0+t Wo

?3) x=x0+v0t+%at2

@) v? =vZ+2a(x-xp)

o Free fall (positive direction for y taken to be upward)
*X — Yy and a— —g in the above 4 equations of kinematics:

(1) v=vy,—agt

@ y=yo+3 0 V)t

©) y=yo+vot—%gt2

@) v?=vg-29(y-yo)
= Vectors

Vectors in 2-D
If avector A is written in component formas A= A, X+A, § = <AX , Ay> then:

e  Getting magnitude and direction of A from the components:
‘A‘ = AZ + A2 (magnitude of A)

X

A -
0= arctan[A—yj (direction of A)
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e  Getting components from magnitude and direction:

Ax =‘A‘cos€ (x component of A) }9 understood to be the angle that

A = Wsine (y component of A) A makes with the positive x axis

Vectors in 3-D
If A= AR+ A J+AZ=(A,, Ay, A,) then:

. W:,lAf+A§+AZZ
= 2-D Kinematics

e position vector: F(t)=x(t)x+ y(t)y = (x(t), y(t))

: = r A
e average velocity: V,, = Ar_ <ﬂ _y>

At \At' At
. R d
e instantaneous velocity: vEﬂz Q_y
dt  \dt dt
- AN Ay, Ay
e average acceleration: &, =—=(——,——
At At At

e instantaneous acceleration:
. é_d\7 [dv, dv,
S odt dt ' dt

. 4% [d%x d?y
dt?  \dt? ' dt?

instantaneous speed = |\7| (magnitude of the instantaneous velocity)

= 3-D kinematics

e position vector: F(t)=x(t)x+ y(t)y +z(t)Z = (x(t), y(t) z(t))

e average velocity: v _AT_[Ax Ay Az
AL\ AU AL At
. .. dr d
e instantaneous velocity: VEd—r= %—yg
dt dt dt dt
, _ AV [Av, AVy Ay,
e average acceleration: a,, =—=(—,——,—~
At At At At

e instantaneous acceleration:
dv  /dv, dv, dv,
dt dt " dt ' dt

d?f /d?®x d?y d?z
dt?  \dt? " dt? ' dt?

e instantaneous speed = |\7| (magnitude of the instantaneous velocity)
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= Projectile Motion

x direction (motion with constant velocity):
e a,=0

s Vy =Vox

o X=Xg+Vy,t

y direction (free fall ... positive direction for y taken to be upward):
(1) vy =V, —0t

1
(2) y=Yo +E<V0y +Vy)t
1
B Y=Yo +V0yt‘59t2

@) vi=v5,-29(y-Yo)

= Relative Motion

Vpa =Vpg +VBa

= Newton’s Laws of Motion

Two broad categories of forces: contact forces (objects in contact with one another) and field
forces (objects not in contact with one another). Gravity is the only field force we will deal with
in this course.

Weight: w=mg
1 law: V is constant unless object (or system) experiences net external force.
2" law :

= Y F-md
ximplies three statements, in general: Z F, =ma,, Z F,=ma, ,and z F, =ma,
*for systems of objects, Z Fext = Mgysgys

3" law: Whenever one object exerts a force on a second object, the second exerts a force on the
first; these two forces are equal in magnitude and opposite in direction:

* Fp=-Fy

= Equilibrium

An object is said to be “in equilibrium” (really in “translational” equilibrium) if:
- S F=0=4-0
*really implies three separate requirements for translational equilibrium:
1) D F=0=a,=0

= Friction forces

o f, <un

o fu=umn
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=  Circular Motion

e 2" Jaw (centripetal direction): (z F) =Ma, 4

rad
V2

¢ Radial (centripetal) acceleration: a,,q =—
"

. . . dv
e If there is a tangential acceleration & also, then: a, =3

= Dot Product (Scalar Product)

e For any two vectors A=<AX,Ay,AZ> and I§=<BX,By,BZ>:
. A-ézABcosﬁ,in which:

. A:JAf+A§+A22
e B=,B}+B}+B’

= Alternative (equivalent) definition of dot product: A-B=A,B, + A/B, +A,B,

= Work
o Work
= Variable Forces:
e W= J. F -df (general definition of work)
e If F hasonly an x component and this component depends on x, then:
X¢
W= I F(x)dx
X
= Constant Forces:
e W =F-AF (2-D or 3-D path)
e W =FAXx (1-D path)
=  Springs

o Hooke’s law: ‘If‘ =kx. k="the spring constant” or “the force constant”.

e Potential energy stored in a spring (elastic potential energy): U, = %kx2

=  Work-Energy Theorem

o« W AK

net =

e Kinetic energy: Kz%mv2

=  Power

e [nstantaneous Power:
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= General Definition: Rate at which energy being supplied by or to a system: P = Z—f

= |fenergy comes from work being done, then the power is the rate at which work is done:
p_dw
dt
= P=F.V (alternative definition)
e Average Power:
_AE AW
A A

= Conservative Forces, Potential Energy, and Conservation of Energy

e Conservative Forces:
= Work done by a conservative force: W, =—-AU , for some potential energy U

= Work done is independent of path.
= Work done going once around closed path is zero.
e Potential Energy:
= Gravitational potential energy (near surface of Earth): U g, =mgy

= Elastic Potential Energy: U, z%kx2

e Total mechanical energy: E=K +U
e Nonconservative Forces: W, = AE

e IfW, =0, E conserved.

= Force and Potential Energy

= |inear Momentum

Py = MV,
e Linear momentum: p=mv = py =mv,
p, =my,

’ d I . dﬁ

e Newton’s second law: F, T = (Fnet )av =—

Faet IS Net (external) force (Ifnet = Z If)
e Impulse
ty
= Varying force: J = j Fdt (general definition of impulse)
;
= Constant force: J = FAt
e Impulse-momentum theorem: J,, = AP, in which:
t

Joet = j F.o dt (varying force) or J. = F., At (constant force)
G
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= Collisions

e Two broad categories: head-on and glancing
e For each category, three classes:
1. elastic: p and K conserved

2. inelastic: p conserved, K not
3. completely inelastic: p conserved, K not, objects stick together

e Head-on collisions:
1. elastic:

o MyVy +MyVy =MyVys +MyV,e  (P-conservation)

® Wy +Vq5 =Vy +Vy; (“other” eq... derived in class)
2. inelastic:

o MyVy +MyVy =MyVys +MyV,e  (P-conservation)
3. completely inelastic:

o My +myVy =(my +my v (p-conservation)

e Glancing (2-D) collisions:
® Pix = P
® piy = pfy

= Center of Mass and Systems of Particles

My Xy + My Xy +---+ My Xy _ My X + My Xy +--- 4+ My Xy

° X =
CM

o Y. —MuYitMpYot-HMyYn _ MYy +MpYo 4+ MyYyy
CM — -

e 2" Jaw for system:
- P .= .
. (z F) ) :((j:i_t’ in which P =mV, + m,V, +---+myVy is total momentum of system.
ex

" P =MVeu
= |f mass of system is constant, then:

® (zﬁ)ext = Mdcem

= Rotational Kinematics

e angle 4 inradians: 655 (s = length of arc swept out)
r

e angular displacement: A0 =0; -6,

A0 _01 -6

Attty -t

. . do
e instantaneous angular velocity: o = E

e average angular velocity: @,, =

Ao_ oo
Attt
do_d%

e instantaneous angular acceleration: « = FTRrTE

e average angular acceleration: «,, =

* @ understood to be in radians in all of the above
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e Rotational motion with constant angular acceleration:
1) w=wq+at

(2 0=6, +%(a)0 +o)t

(3) 6=6, +a)0t+%at2

@) 0?=0f+2a0-6,)
= Rotational and Linear Quantities

° Vin =TF@

® atan =ro
e Radial (centripetal) acceleration: a_, = re?’

» Rolling Without Slipping
e v=Rw (v=translational speed of center of rolling object)

» Rotational Kinetic Energy and Moment of Inertia

e General Formula for Moment of Inertia: | = jrz dm

N
e Moment of Inertia for Collection of N Point Masses: | = Z m.r?

e Moments of Inertia for Distributed Objects:
Table 9.2 Moments of Inertia of Various Bodies

= Lo I
I=ZML I—3ML
/ /L
(a) Slender rod, (b} Slender rod, (¢) Rectangular plate, (d) Thin rectangular plate,
axis through center axis through one end axis through center axis along edge
.':%MRI 1=MR? I=5MR?
R R R%‘
(e) Hollow cylinder (f) Solid cylinder (g) Thin-walled hollow (h) Solid sphere (i) Thin-walled hollow
cylinder sphere
. o _ 1, ,
e Rotational Kinetic Energy: K, = > lw

e Total Kinetic Energy: Ko = Kirans + Kot =%MV§M +% lom @2

(Note: Here vy, is the translational velocity of the center of mass and 1, is the moment of
inertia about the center of mass.)
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Parallel-axis Theorem
o I,=Ilg, +Md?

= Perpendicular-axis Theorem
o I,=1+l,

= Cross Product (Vector Product)
o AxB=(AB,-AB )%+(AB,-AB,)j+(AB -AB,)2
. |Z\x |§| = ABsin ¢

= Torque and Angular Acceleration

e Torque: 7=FxF =Fr,

e Relation Between Torque and Angular Acceleration (Newton’s Second Law for Rotational
Motion):

Ta=la

= Angular Momentum

e For point particle: L=Fxp.
e For rigid body rotating about a fixed symmetry axis: L=1lw.
e Newton’s Second Law for Rotational Motion: 7, :Z—IE.

(Note here that 7, is the net external torque.)

= Equilibrium

Three conditions required for true equilibrium (translational and rotational equilibrium):

1L > F=0 (e, a,=0)
2. ZFy=o (e, a, =0)

3. 7.4 =0 foranyaxis (i.e., @ =0 about any axis)

= Gravity
e F,n=6 MMy (Newton’s law of universal gravitation)
grav — r2 g
11 N- rT]2 o
= G=6.67x10" 7 (gravitational constant)
g
e g=—— (acceleration due to gravity above planet, moon, etc., of mass M)
r
m;m, . .

e Uy =-6 (gravitational potential energy of any two masses m; and m,)

r

. vescz‘/% (escape velocity)
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= Simple Harmonic Motion (SHM)

e Relationships among frequency, angular frequency and period for sinusoids:

n f:i
T

= w=2f

" T=2_7z.
w

e Mass on Spring
= x=Acos(ot+¢) (mostgeneral form of displacement as a function of time)

\/?

w=,—

m

Jﬁ
L
k

v 2

x§+(—°j

w
VO

=tan™ [— J
X,

e Simple Pendulum

Ll T=27r\/E
g

e Physical Pendulum

] T=2x L
\/ mgd

= Mechanical Waves

=2

T
= A
¢

o v=Af-= % (phase velocity)
e y(xt)=Acos(kx—at) (displacement of string for propagating wave)

o k= 27” (wave number)

%y (x,t) :[ij *y(x.t)

ox? v? ot?

(1-D wave equation)

o V= \/E (speed of transverse wave on string)
M

= Temperature Scales

¢ Te-2(T-%2)

o Ty =Tg+273.15



Formula Sheet — Final Page 10

= Thermal Expansion
o AL=al AT
e AA=2aAAT
= Calorimetry and Phase Changes

e Heat you must put into a mass m of a substance to increase its temperature by AT :

Q = mcAT
e Heat you must put into (or take out of) a mass m of a substance to complete a phase change:

Q=mL
(L isthe latent heat ... of fusion, vaporization, etc.)
» |deal Gas Law

e pV =NKT
= p=pressure in pascals ( N/m2 )
=V =volumein m?
= N =number of particles
= k=1.38x10"2 J/K (Boltzmann’s constant)
= T =temperature in kelvins

or:
e pV=nRT

= p=pressure in pascals (N/m?) or atmospheres (atm)

= V =volumein m® orL
= n=number of moles

or R=0,0821 - &m
mol-K mol - K

= T =temperature in kelvins
= 1latm=1.013x10° Pa

= R=831 (universal gas constant)

=  Work Done During Volume Changes

o W= I pdV (work done by gas on its surroundings)
e W =pAV (if p constant)

= First Law of Thermodynamics
e AU=Q-W
e dU=dQ-dw
= Heat Engines and Refrigerators

Qn Qn
K= & (coefficient of performance of refrigerator)
1Qu = IQe]

= 1—T—C (efficiency of Carnot engine)
H

o €

Carnot
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= Entropy

dQ

ds = T (infinitesimal reversible process)
e AS :9 (reversible isothermal process)

AS = de_l_—Q (reversible process between states 1 and 2)

= Solar System Data

e radius of Earth: Rg =6.37x10° m

e radius of Moon: Ry, =1.74x10° m
e mass of Earth: My =5.97x10% kg
e mass of Moon: 7.35x10% kg

e massof Sun: 2.00x10% kg

e  Earth-Moon distance (center-to-center): 3.84x10% m
e Earth-Sun distance (center-to-center): 1.50x10™ m



