F=MA Competition Equation Sheet: Version 1.3

1 Kinematics

xr =x9+ vt

_ Ax
Vavg = -
_Av
Qgvg = T
Constant acceleration:
v =v9 +at

1
.Z‘:*(Uo—l-vf)t
2
— vt + Lar?
z =t + Sa

L o
x:vft—iat

'U?‘ =g + 2ax

Changing acceleration:

dx
v=—
dt
dv  d’x
Q= — = —
dt  di?
Projectile motion (only use the first three if Ay =0) :
2vgsinfd
Tright =
flig g
25 29
Heightmas = 05007
29
Range — v3sin20
a; =0
m
ay =g=-10 2



Vg = vgcosl
vy = vpsind
T = Uyt

2
gz

=xtanl — ———-
y = atan 203 cos2

2h
Time to drop object : \/>
g

Addition of relative velocity : Ve = Vap + Upe

Age = Qgb + Ape

2 Dynamics

if XF=0,a=0
Eﬁ:mﬁ
m:_Fba

2 9 4mr
Fo=ma. = —— =mwr =m—--
r T

2

Fy=mg

Js < psFn

fe = peFn
Fhookian spring = —kAx

iy = Sk

1

ks = ()"
(Zi)

Fn = mgcost
ta/neslip =p
Fcom’olis = —2mw X Vobject

Massless pulleys:
_mz—my

m2+m1g

2mime
Fr=—"-
my + ma

Drag:
. mg
Linear dmg P Vterminal =

b



m
Quadratic drag : Vierminal = Tg

The Galilean Transformations

Consider two reference frames S and S'. The coordinate
axes in S are x, y, z and those in S"are x', y', z". Reference
frame S’ moves with velocity v relative to S along the x-
axis. Equivalently, S moves with velocity —v relative to S'.

The Galilean transformations of position are:

=x"4+ v X'=x—wt
4 or y =y

The Galilean transformations of velocity are:

, N L

a.=a_ (. velocity vis constant)
r r

a,=a,, a,=a,

sa'=a

F'=F

3 Energy

W:F-d:/F(a:)da:



1
K= imfu2

1
W =AK = §m(vj2c —v2)
Uy = mgh

1
2
Uhookian spring — §kl’

U= —/F(x)daz
Wiiela = =AU
Edis = fd
Emech =K+U
E; — E4is = E;

P=F-v
_dE
Todt

4 System of masses and collisions

p=mv
j=Ft=mAv=Ap
dp
F=—
dt

Pi, + Py = Prf +Daf

. . .. miv1 + Mavg
inelastic collision : vy = ——————
mi + mo

. . (m1 — ma)v1,; + 2mave —(m1 — ma)va,; + 2maovy ;
elastic collision : v = , Vg =
my + mo

mi + mo



V1
m+ my
@ Y, @10 81
L4 A ) 6,
‘Vz
If m1=m2, and the collision is elastic, then:
01 + 02 = 90 degrees
_ Ymr 1 d
Lcom = M or Vi ram
_ Ymwv 1 d
Vecom = M or M vam
M M M
Densities : A = T 0= 1P = I3

5 Rotational motion, Rigid Bodies

ifXr=0, a=0

L

T
_dw_d29
“Ta T a2

1
w=wy+at, z= §(w0 +wy)t

1 1
0 = wot + §at2, 0 =wst — —at?

w]% = wj +2a8



T=rxF =1«

[ is the distribution of mass:
I= /T2dm7 Idiscrete = zi\ilmina I= ﬁmrz

=0l & & 2 #0812
The inside of The inside of the

=)ot 00 D2 the ball is ball is empty.
A zero—thick torus full
\F A —
/ B
IszZ IZ%m(AZ"FBZ) IzszZ IzngZ
P
L L

3
B

{*

I =

T

3
2

I =

SMHOF 0ol el
A zero—thick torus

N|

I=1.,,+ Md>
I, =1I,+1,
I oc L4+
K’r()t =—-Ilw y Ktot = 2mv2 + 21w2
W=70, P=r1w
dL
T=—, AL=r1t
dt

Lpoint = mur, Lfizedfpivot =Iw

L=rxp, AL=rAp



gsinf

Arolling down incline —
1+8

1
tanbsip = (1 + B)

Qroll and slip = g(sind — pcoso)

ngcost
Qroll and slip = Br

_(M-m)g
M+ m+ M,

pulley mass not negligible : a =

Final velocity for rolling on friction surface:

U

1+5

Vf =Twy =

Right Hand Rule for angular motion:

Plane formed
by rand 2 >l\=

(a)

‘*r
Merry-go-round ~ %
(b)

6 Oscillatory Motion

Nl =

f=



w=?=27rf

1
Erotal = K +U = ékA2

Tpendulum =27 y Wpendulum =

Tspring =27 y Wspring =

=3 m

\/%
\/E

m
T -9 Isuppo’rt _ mchm
physical = 4T y Wphysical =
L I
mglicm support
[ K
Ttorsion =27 —, Wtorsion = T
K 1
k b
— 2 —
Waamping = 1] — — ma = —kx — bu
amping m ( 2m) )
&= —wz

x = Acos(wt + @)

v = —Awsinwt, Vymaer = Aw

a = —Aw?coswt, Amas = Aw?

Coupled oscillators:

If in phase:

if not in phase:



For reduced mass oscillation:

 ui1s the “reduced mass™:

mi mj
U= ——-
m; +mp

* k1is the “spring constant”

* Measures “stiffness” of the bond

w = = With the spring constant and reduced
H mass we can obtain fundamental
vibrational frequencies

7 Gravity
Oy = 4G Mepe
GMm
Fg7 sphere — 3
r
GMr

9sphere = Fa Gshell = 0, r< R

M
9sphere = Jshell = 77 r>R

2G A\
For a infinite line : g:i

d

For a infinite plane : g = 2nGo

For a infinite cylinder with radius a:

2G A
YGeylinder = Ta r>a

2G\r
Yeylinder = 77 r<a

For a infinite plane with thickness a:

g=21Go, d>a

_ 2nGod

g ,d<a

_GMm

Uy = ——




a3 GM
2nr 27 R
Tor it — . = = 2R\ =——
bit w T GM
VaTq = VpTp
dA 1
— = —rv = — = constant

dt 2 2m

2GM
Vescape = r
v = | EM g, ZGMm
r 2r

—3GM?

Gravitational binding energy : U = SR
2GM
RBiack Hole = 2

Reduced Mass(convert a two body problem to a one body problem):

center m,

of mass

Center mass = mq + mo

. mymsa
orbiting mass = —————
my + ma
r=1ry+17
T? 47

(’l‘l +T2)3 o G(m1 +m2)

10



T =Ty =Ty = 2m(r1 +ra)y | — 212

Glmy +my)
Gmimy  mvi  mqui
(ri+r2)? 1 T

Elliptical orbit:

m1

p

Apogee

Satellite Orbit

di +ds =2a, A=mab

a” =

[}
(=
™)

+c

[\

—GMm

Q\'—‘

Vellip = GM(i

r

_a-c oM \/ﬁ / G
apogee — b a—+c a
N a+c |GM \/m [GM
perigee — b a a—c a

)7 Eellzp

IS

GM
Vco—vertex =
a
Lellzp - mb\/ T
a3
Tenip = 2w el

Perigee



8 Fluid mechanics and Other Topics

_m
P=y
F—PA
F1A1 :F2A2

P = Py + pgh, Pgauge = pgh
F, = pfluistubmergedg

plAl'Ul = p2A2U2

1 1
Py+ Spvt + pghy = Po + 5pv3 + pghs

v = 1/2gh

_ Atank 2h
tdrain tank = T -
hole g

_ tensile stress F L

" tensile strain A AL
_ shear stress  F' h
"~ shear strain A Az
__volume stress _ _EL N |4
volume strain A AV AV
AY

0

spring constant k =

Waves:
y = Asin(kx — wt + ¢)

w
= )\ = —
v f 3
wave number: k = 27”, angular frequency: w =27 f = %’T
2L nv
)\n = — Jn = 57
n ! 2L
TL B
Ustring = ﬁ; Vsound = ;
n\ (2n —1)A
Tnode = —7» Lantinode — —
d, 2 t d 4
;U T,
f= =)

Error propagation:

12



Process Value Uncertainty
_ mAmtx oty (x,—xP +(x,— 2P +. +[x, -
Average = N &y = -1
Z=%4¥ = P
Addition u o =lo.) +lo,
- - = 2
HF=F= =
Sub trac tion u 7, = fle.)' +lg,
2 - 2
F=X*y . Tz =
Multiplication 4 “Tx‘z*\/[f} +[?]
2 - 2
Z=%+F o=z [ Zx] 4|22
Divigion ol ¥ ¥
Exponential:

Af = Uncertainty of measurement : f(x,y) = ca™y™

Af
=

nAzx
T

mAy
Y

)+ (=)

\

Ways to eliminate answer choices:

Dimensional analysis: find the units of each answer choice and match it with
what the question asks you to find.
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Limiting cases: imagine a parameter is either extremely big, small, or is a
special number that you would intuitively try.

9 Further notes

A dot product - is a way to multiply two vectors, where X - Y = XY cosf

A cross product x is another way to multiply two vectors, where
X XY = XYsinbt

A derivative is a rate of change, which is the slope of a graph in
geometric terms. For example:

oo
Cdt

You can think of velocity as the slope of the displacement vs. time graph.

An integral is the space under a graph of an equation, the opposite of a
derivative. For example:

W = /F(x)dx

You can think of work as the area under the curve of the force vs.

distance graph.
The notation & represent ‘fof.

Always draw a free body diagram when doing dynamics problems!
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