Physics 1401
Formula Sheet — Final

=  One-dimensional kinematics

o displacement: AX=X; — X
total distancetraveled

* averagespeed =
208 total time
«  instantaneousspeed =|V| (magnitude of the instantaneous vel ocity)
. AX  Xp =X
* averagevelocity: v, =—=——
ag V- Vo =y ty —t;
. L . Ax
* instantaneousvelocity: v= limv,, = lim —
At-0 At-0 At
. Av Vi TV
*  average acceleration: =E—=
ag Y te —t,
. L . Av
* instantaneous acceleration: a= lim a,, = lim —
At-0 At-0 At

*  One-dimensional motion with constant accel eration (4 facts):
(1) v=vy+at

@) x=% 43 [0+
3) x=x0+v0t+%at2
@) v =v5 +2a(x-x)

» Freefall (positive direction for y taken to be upward)
Ox - y and a - —g intheabove 4 facts:

1) v=vy—at

@ y=yo+5 (ot

® y=yo+vot-%gt2

@ v =v§-29(y-yo)
= \ectors

The resultant vector for several vectorsisthe vector sum. For example, if you have three displacements
d,, d,, and ds, theresultant displacement R isgiven by:
R=d, +d, +ds.

If avector A iswritten in component formas A= A X+ Ay then:

«  Getting magnitude and direction of A from the components:
w = A2+ A2 (magnitudeof A)

6= tan‘l(%] (direction of A)
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»  Getting components from magnitude and direction:

A =Wcose (x component of A) } 6 understood to be the angle that
Ay =WS‘”9 (y component of A) A makes with the positive x axis

= Projectile Motion
e xdirection (motion with constant velocity):
« a,=0
* Vx =Vxo
* X=Xy tVt

» ydirection (freefall ... positive direction for y taken to be upward):
(D vy=vy,—at
1
@ y=yo+ o vy )
1
(©) y=m+w&-§m2

@ Vv2=vi-29(y-yo)
= Newton’s Laws of Motion

» Two kindsof forces: contact forces (objects in contact with one another) and field forces (objects
not in contact with one another). Gravity isthe only field force we will deal with in this course.

. Z F=ma (Newton's 2™ law)
Cimpliestwo statements: Z F, =ma, and Z F, =ma
*  Weight: W=mg

* Normal forces: in genera, whenever two surfaces are in contact, each surface exerts aforce on
the other in adirection that is perpendicular to the two surfaces.

y

= Friction forces

+ Twokinds: theforce of gatic friction, f, and theforce of kinetic friction, f, :
o« f < uN (forceof static friction)
o« f =N (forceof kinetic friction)

* U, ="thecoefficient of staticfriction"; g ="thecoefficient of kineticfriction”

= Strings and Springs

e Strings
» thetensionin astring always pulls on the objects attached to the ends of the string
e Springs

* Hooke'slaw: ‘IE‘ = kx. k="the spring congtant” or “the force constant”.
*  Work required to stretch or compress a spring a distance x from its equilibrium length:
w =1
2

1

*  Potentia energy stored inaspring: U ging EE kx?
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= Translational Equilibrium

. Z:IE =0 = a=
*  The statement immediately above really implies two sets of statements:
D> F=0and) F,=0 = a,=0anda, =0.

=  Circular Motion

2
+  Centripeta acceleration: a,, = =V
;

=  Work and Kinetic Energy

*  Work: W =Fd cosé

« Kineticenergy: K E%m\/2

*  Work-energy theorem: W, = AK

*  Work required to stretch or compress a spring a distance x from its equilibrium length:

W =Lk
2

= Potential Energy and Conservative Forces

*  Work done by a conservative force: W, =-AU , for some potential energy U
Gravitational potential energy (near surface of Earth): U g, =mgy

«  Potentia energy stored inaspring: U g = ;kx2

»  Total mechanical energy: E=K +U
=  Linear Momentum

* Linear momentum: p=
*  Newton’'s second law:

ZF- I|m—
At -0 At

(instantaneous net force equals ingtantaneous rate of change of linear momentum). Impliesthe

following:
.-

(average net force equal's average rate of change of linear momentum).

e Impulse I = (Z If)avAt

«  Impulse-momentum theorem: | = Ap
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= Collisions

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

2. indastic: p conserved, K not
3. completely inelastic: p conserved, K not, objects stick together
* Head-on collisons:
1. dadtic
© My FMyVy =MV +MyV,e (p-conservation)
o Wy tVis =Vy +Vye (“other” equation... derived in class)
2. indastic:
© My MyVy =MV +MyV,e  (p-conservation)
3. completely inelastic:
My +myvy = (my+m, vy (p-conservation)
» Glancing collisions:
*  Px = Px

* Pyi = Pyt

=  Rotational Kinematics

* angle @ inradians: HE?S (s=length of arc swept out)

* angular displacement: AG=6; -6,

 averageangular velocity: w _26 _0i -8
Yol T T
. . AY)
* instantaneous angular velocity: w= lim —
At-0 At

w; —w

« averageangular acceleration: aa\,EA—w: r

. . . Aw
* instantaneous angular acceleration: a = lim —
at-0 At

* @ understood to bein radiansin all of the above

»  Period (timerequired for one completerevolution): T = 2
w

* Rotational motion with constant angular acceleration (4 facts):
1) w=w,+at

@ 6=+ (@, + )t
1
3 0=¢90+a)0t+5at

(4) = +2a(0-6,)
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= Rotational and Linear Quantities
* VW, Srw
s a-=ra
«  Centripeta accderation: ag, =rw’
» rigid object: Every point in the object hasthe same angular vel ocity as every other point in the

object. Every point in the object has the same angular accel eration as every other point in the
object.

*= Rolling Without Slipping

« v=rw (v=trandaional speed of center of rolling object)
° Vpoin’[of contact :0 a[eaChInStant

= Rotational Kinetic Energy and Moment of Inertia

Genera Formulafor Moment of Inertiafor Collection of N Point Masses: | = Z mr;

* Moments of Inertiafor Digributed Objects: Table 10-1 will be given.

« Rotationa Kinetic Energy: K, E%Ia)2

« Tota Kinetic Energy: Ko = Kyrans + Koot =%MvéM +% | oy @°

(Note: Here v, isthetrandationa velocity of the center of massand |y, isthe moment of
inertia about the center of mass))

= Torque and Angular Acceleration

* Torque: 7=rF (risthe momentarm)
» Relation Between Torque and Angular Acceleration (Newton’s Second Law for Rotational

Motion):
T =la

= Equilibrium
Three conditions required for true equilibrium (trandational and rotational equilibrium):
1. ZFX =0 (i.e, a,=0)

2. Y F,=0 (e, a,=0)
3. 71,4 =0 foranyaxis (i.e, a =0 about any axis)
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Angular Momentum

Angular momentum: L=lw.
direction: L=rmvsing.

AL

Newton’s Second Law for Rotational Motion: 7,4 = e
Note herethat 7, istheaverage net external torque.
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For point particle of mass m moving with speed v at an angle & with respect to theradial

Table 10-1: Moments of Inertia for Uniform, Rigid Objects of Various Shapes

~ . ¥ T
R R "

e " L \
- | & L

AT A
% . II',_ * _____I"_

__"‘L'r—— ;j‘
Dis_k ar: | Long thin rod )
501]9 cylinder Disk or (axis through midpoint) Lnr_lg thin rod
I=3 MR? solid cylinder I= Ilj ML? {axli‘ at one end)
(axis at rim) 3 =3 ML*
=2 MR?
i ] 1 a "\_M:r
R . #R R ]
j_'_'_._,__ _*J'_.. * L D S o _\*.
/ ‘-.- . =11 - _‘I L\ W
r ‘_"r———"__'__ "" } \J
/ \ '.L
low sPhe.n:'. Solid sphere ;
' 2 ARl i 2 ) Solid plate
e I=§ MR Solid sphere {axis through center, Solid plate
(éi)(l;; at rim) in pllane of plate) (axis perpendicular
= 5 M [=g ML? to plane of plate)
I=LM(L?+ W2
Gravity
Fgrav

= G@ (Newton’s law of universa gravitation)

2
G=6.67x10"1" N Cin

>— (gravitational constant)
g

for mass m adistance r from center of Earth: U

escape speed (on Earth): v, =

-G mM g
grav r

2GM ¢
Re

Ugrav = —GM (gravitational potential energy of any two masses m;, and m,)
r
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= Oscillations About Equilibrium

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

e
T

= w=2rf

= T:2_7T
w

* Mass on Spring
»  x=Acos(at+g@) (mostgeneral form of displacement asa function of time)

\/?

|| a): —

m

] TZZH\/E
k

* Simple Pendulum

L] T:ZH\/E
g9

= Waves and Sound

e v=Af
* v=343m/s (speed of sound in air at standard temperature and pressure)
» Doppler Effect

= Moving observer: f'= f(liﬂj
v

= Moving source: f'=f( 1 ]
1F

u
\Y
= Temperature Scales
9
- T =ch +32
T =§(TF -32)

e Ty =T, +273.15

» Heat and Mechanical Work
* “Mechanical Equivalent of Heat”: 1cal =4.186J
= Specific Heat
* Heat you must put into a mass mof a substance to increase its temperature by AT :
Q =mcAT

c isthe specific heat of the substance.

Page 7
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Ideal Gas Law

. PV = NKT
» P =pressurein pascals (N/m?)
=V =volumein m®
= N =number of particles

»  k=1.38x10"2 JK (Boltzmann’'s constant)
= T =temperaturein kelvins
or:
. PV =nRT
* P =pressurein pascals (N/m?)
=V =volumein m®
= n=number of moles

= R=831 (universal gas constant)

mol
= T =temperaturein kelvins

Latent Heats
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»  Heat you must put into (or take out of) amass m of a substance to compl ete a phase change (with

no change in temperature):
Q=mL

(L isthelatent heat ... of fusion, vaporization, etc.)
First Law of Thermodynamics
e AU=Q-W
Thermal Processes
* W =PAV (work donein constant-pressure expansion or compression)

Vv
e W=NKT In(vf] (work donein isothermal expansion or compression)

Heat Engines and the Carnot Cycle

. e:l—&
Gh
T
ax Th
T
. W. 1—_C
max ( Th]Qh
Entropy
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= Solar System Data

« radiusof Earth: Rz =6.37x10° m
« radiusof Moon: R, =1.74x10° m
«  massof Eath: M =5.97x10* kg
« massof Moon: 7.35x10% kg

« massof Sun: 2.00x10% kg

« Eath-Moon distance: 3.84x10° m
s  Earth-Sundistance 1.50x10"* m



