Choosing mechanics principles (no fluids)

Typical inspirations

Time(s)

t; and tf

System size(s)

Point-like (bubble + dot)

Point-like (bubble + dot)
Extended (bubble)

Axes

xy

AOR

Purpose(s)

Predict motion

Mathematical attentiveness

Keep track of signs and directions

Type of modeling Kinematics
Typical categories Linear motion Rotational motion
Typical starting recipes Always true: Always true:

Xi + vx,AVGAt = Xf

Ui + ax,AVGALL = Uxr

1%t check for constant a,:
1
x; + vy At + EaxAt2 = Xf

2 — 2
Vit 2a,Ax = vy ¢

For SHM, a, = —wéyux

Hl- + a)AVGAt = 9f
(OF] + aAVGAt = (x)f

1t check for constant a:
1
6’i + (A)iAt + EaAtz = 9f
wf + 2000 = w}

Typical organizing layouts

Motion diagram

Xi = Vi =
Uxi= | Vyi=
t; <t<ts
ay = |a, =
tf =
= 1=
Uxi= | Vyi=

x-t plot, v,-t plot, a,-t plot

Rotational motion diagram

6-t plot, w-t plot, a-t plot

Typical follow-up recipes
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Ax Ax
v —p— v, =
HAVE T AL ¥ AtgRrigr
a _ Avx Avx
XAVG = a, =
At ¥ Atgprigr

AB AB
w = — =
AVE T At Atgrigr
Aw Aw
XAVG = . a=
At Atgrigr

Go from plot to plot, left-to-right: Use tangent slope
Go from plot to plot, right-to-left: Use signed area between curve and t axis

21

Tsum =
WsHM

1
[=7
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Choosing mechanics principles (no fluids)

Typical inspirations

Time(s)

System size(s)

Point-like (bubble + dot) Point-like (bubble + dot)

Extended (rigid, bubble)

Axes xy ‘ +in and +tan AOR
Purpose(s) Explain contributions
Mathematical attentiveness Keep track of signs and directions
Type of modeling Dynamics
Typical categories Forces Forces Torques
(linear dynamics) (circular motion) (rotational dynamics)

Typical starting recipes P XFin 2T

Ay = —— aiN = a=—

my my I
N2L N2L N2L for rotational motion

Typical organizing layouts

Force diagram Force diagram with forces
originating from points of

application

Force diagram

Cartesian force
components chart

Inward (and
tangential) force

Force | E, | F, components chart Force and torque chart
Force | Fix | Fran Force | F, | F, |r, |F |t
YF
XF YF

(Often don’t need
Fran column)

Typical follow-up recipes
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T=rnF
r, = rsin@ is the distance of
2 closest approach on the line
of action of the force of
interest

<

aiN =

I=Ymrf?
Gravitational attractions:
FgE-sys = MgsysY Fx sur-sys corresponds to a L press

mym, Fr sTRING-SYS corresponds to a pull
Foro2=6G—

P
Kinetic friction force opposes occurring slippage:

fK,SUR—)SYS = HK,SUR&SYSFN,SUR—>SYS
Static friction force opposes threatened slippage:

MAX —
fS,SUR—»SYS = fS,SUR—)SYS - MS,SUR&SYSFN,SURASYS
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Choosing mechanics principles (no fluids)
Typical inspirations

Time(s) t; and tf
System Point-like (bubble + dot)
size(s) Extended (bubble)
Axes xy AOR xy
AOR
Purpose(s) Explain contributions
Mathematical Keep track of signs and directions Work mostly with scalars
attentiveness
Type o_f Conservation laws
modeling
Typical Impulse- Angular impulse- Work-Energy
categories momentum angular momentum
Typical YDix + XJx = XDrx | 2Li + XTavcAt = Yl
starting Impulse- Angular impulse- Ki+Ugi+Usi + W = K¢ + Ugy + Uss + AUnt
recipes momentum angular momentum Generalized work-energy principle
theorem theorem
Typical Momentum bar Angular-momentum Energy bar chart
organizing chart bar chart
layouts
Momentum vector
diagram
Momentum
components chart
Typical Dx = MUVy LparTicLE s = £myr, KpaRTICLE = %mv2 K rixep = =Iw?
follow-up Ly = +lw SKEWER
recipes Jx = FAVG,xAt I = Zmriz K Rrigp = EMUéOM + EIABOUT(UZ
J = Area between EXTENDED coM
F-tplotand t axis | yz,.-At = Area
between Y z-t plot Ug easys = Masysgh Us = 1 kAx?
and t axis U s AU 2 w
MXCOM =mqXxq + myXy, + -+ MmyXy G1&2 = T2 F= F
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Mvcomx = MV1x + MaUpp + -+ MyUp 5

Macomx = M1Qqx + Mpay + -+ Myay

W = (F cos 0)aycd
Wy, = Area between F;-x plot and x axis
W; = tavcAl
W, = Area between -6 plot and 8 axis

W = PpygAt P = (FcosQ)v
w P=1tw
Ppvg = E

AUyt doesn’t have a memory formula
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