Useful Equations

Introduction

I've just gone through and compiled the important equations from the ends of the various chapters, and the equations given on the qui:
so far. Hope this helps :).

Chapter 1: Introduction and vectors
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Chapter 2: Motion in one dimension
Definitions
Average quantities
Ax
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Equations of motion
For constant velocity problems (integrating the instantaneous velocity definition)
Xt = X + Wt 9)
And for constant acceleration problems (integrating the instantaneous acceleration definition twice, and manipulating a bit).
Vxf = Vxi +axt (10)
1
Xt =i+ 5 (Wi +Veh )t (11)
1
Xf = Xj + Vit + éaxt (12)
Vi = VG + 28(Xs — ;) (13)

Where eqn[ 113 comes from solving €qn 12tfaising the quadratic formula and plugging the result into[eqn 10.
The quadratic formula says that

—b+vb?—4ac
= 14
X %2 (14)
Yeilds two values ok that solve the quadratic equation
0=ax +bx+c (15)



Chapter 3: Motion in two dimensions

Constant acceleration

Applying our 1D equations of motion to each direction, we get the multidimensional formulas:

Vi =Vj+at (16)
rf:ri+vit+%a1 an
In the special case of projectile motion with= 0 anday = g these reduce to
Vi = Vyj = constant (18)
Xf = X + Wt (19)
Vyf = Wi — gt (20)
1
Vi =Yi+Wi— égtz (21)

We could apply our accelerations to all four of the constant 1D acceleration equations in chapter 2, but you get the idea...

Circular motion

A particle moving in a circle of radiuswith velocity v has a centerward acceleration of

ac = r (22)

Frames of reference

If an observelQ’ is moving with velocityvoy o with respect to observed, their measurements of the velocity of a particle located at
point P are related according to
Vpo = Vpo + Voo (23)

Chapter 4: The laws of motion

Newton’s laws
1. An object in motion will remain in motion unless acted upon by an outside force.
2. YF=ma
3. For every force there is an equal and opposite reaction force.

Note that the two forces referenced in the 3rd law belong todifferentfree body diagrams (FBDs). For example, the sun and earth
attract each other gravitationally. LEtbe the magnitude of the force, antle the direction from the earth to the sun. The force on the
earth due to the sun (showing up on the earth’s FBB)iiand the force on the sun due to the earth (showing up on the sun’s FBD) is
—Fi.

Chapter 5: More applications of Newton'’s laws

Friction

Let ys and be the static and kinetic coefficients of friction (respectively) between an object and a surface,pntddehe normal
force on the object due to the surface. The respective forces of friction are given by

Fst < bshn (24)
Fit = My (25)

Drag
Objects moving through viscous materials (air, water, etc.) experience a velocity dependent resistive force

Whereb depends on the particular system under consideration.



Chapter 6: Energy and energy transfer

Work
In general
r
w= [ F.ar @7)
ri
Or for the one dimensional case %
W= / F.dx (28)
X
Where the dot produd - B is defined as
A-B = |A||B|cosd (29)
Where0 is the angle between the vectors. So in the 1D, constant force-and-angle case
W =F.Ar (30)
The force from a spring is given by Hooke’s law
Fs= —kx (31)
So the work done by a spring frormto x; is
X 1 1
We = / (—kx)dx = 2k — =k (32)
Xi 2 2
Kinetic energy
K= tmv (33)
2
Work-kinetic energy theorem
Whet = Kf — Kj = AK (34)
Power
W
Pavg = At (35)
dw dE
P=—f=Fv=r (36)

Chapter 7: Potential energy

Conservative forces

A force is conservativef the work it does on a particle is independent of the path the particle takes between two given points. The
potential energy change is the inverse of the work done by the force

AU = U — U, :—/: Fdx 37)
Or, taking the derivative of both sides with respeckto
o= (38)
The gravitational potential of a particle under a gravitational féige: mgis (relative to the energy at some heigiht= 0)
Uy = [ (~mady = mgh (39)
The spring potential of a particle under a spring fafge- —kx s (relative to the unstretched energyat= 0)
Us— —/OX(—kx)dx: %kxz (40)
The gravitational potential energy of a particle under Newton’s gravitational feyde (relative to the energy at = )
Us = 7/’: (Grnzhmz> dr = GmlmzAr rizdr = fGrrnlmz _ fGrrnlmg (41)

And so on for any other conservative forces...



Mechanical energy

The total mechanical energy at any moment is

Emech=K+U (42)

Conserving energy using this formula
E =Ki+Uj = Ef =K +Us (43)
AK = —AU (44)

Which is identical to the work-kinetic energy theorem from Chapter 6 [[ein 34Wrgh= —AU). The only difference between these
two approaches is that nonconservative forces do not have really well defined “potential energies”.

Equilibria
In a potential energy diagram, a pointsiéble equilibriunis a local minimum, a point afinstable equilibriunis a local maximum, and
a region ofneutral equilibriumis a region of constant potential energy.

Chapter 8: Momentum and collisions

Linear momentum

Momentum
p=nv (45)

> pi=> pr (46)

is conserved

Impulse

The impulse-momentum theorem

t2
|:/tl S Fot = ap 47)

Types of collisions
¢ Inelastic collision: kinetic energy is not conserved.
e Perfectly inelastic collision: the particles stick together afterwards.

e Elastic collision: kinetic energy is conserved.

In all types of collisions (without external forces), momentum is conserved.

Center of mass

rem = % (48)
Chapter 10: Rotational motion
Definitions
w= % (49)
a=9 (50)



Relations to linear quantities

(All of the linear quanties are tangential)

s =160 (51)
Vi =Trw (52)
a =ra (53)

For constanti problems, all of the constant acceleration equations from Chapter 2 are still valid with the proper substitutions.

Analogs of other linear properties

The rotational motion equivalent of mass is thement of inertia

I =3 mrf (54)

| = / prlav (55)

And the moments of inertia for some common shapes (Table 10.2, page 300)

Hoop/ring about axi§ MR2

Solid cylinder about axis $MR2
Hollow cylinder about axi fv (R +R2)

Long thin rod perp to axis through center;zM L2

Long thin rod perp to axis through endzML?

Solid sphere about diametersMR?

Thin spherical shell about diamet rgMR2
Rectangular plate perp to one side through ce tcilfM(a2 +b?)

The kinetic energy of a rotating body is given by

1
K= é|o32 (56)

(Note that the kinetic energy of any given particle should be expresseith&s a linear or a rotational kinetic energy, not lasth at
once. Youcanuse linear kinetic energy for one particle and rotational kinetic energy for another to find the kinetic energy at a single
point in time.)
The rotational equivalent to force is torque
T=rxF (57)

Where the cross product between two vectors defined by
A x B = |A||B|sinérhr (58)

Whererhr is a unit vector in the direction specified by the right-hand rule.
The analog to Newton’s second law is

ZT=|G=%— (59)

The angular momentun is given by
L=rxp=Ilw (60)

Angular momentum is conserved if there are no external torques on the system. As with rotational kinetic energy, you should be care
to avoid double counting by using both rotational and linear momentum to compute the momentum of the same particle, although he
the units do not match (another reason to keep track of your units!).

Quiz 1: Vector addition and projectile motion

V3 = V2 +2a(x2 —X1) (From[I3) (61)
Vo =vi+at (From[10) (62)
Xo = X1 + Vit + %at2 (From[12) (63)



Quiz 2: Projectile motion, Newton'’s laws,

Y = Yo+ Vo(sinB)t — %gtz
X = Vp(COosO)t
Vy = Vo(SinB) — gt

d
ZFext: Ep
Z Fext == ma
R= (VisinM)/g
Vi2=Vic+Ve

and reference frames

(From[21)

(From[19)
(From[20)

(From[I3)
(From Newton’s 2nd law ar{d 45)

(Newton’s 2nd law)
(Range egn 3.16 from book page 76)

(From[23)

Where they have also used sohcahtoa to/get vpcosB andvy; = vosin®.

Quiz 3: Friction, momentum, work, kinetic energy, and springs

AW = AKE

KE = 1/2mV

MWeyt = 1/2k%8
F = —kx

2
AW, — / F.dx
1

A.B = ABcosB
AW, = F.X

(From[33)
(From[33)
(From[32 withxs = 0)
(From[31)

(From[28)

(From[29)
(From[30)
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