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1D motion
2D projectile

Uniform circular

J

Kinematics
(special case)
)/ a = constant
/I
/ ( -
/! Dynamics
S/ gravity, tension,
/7 elastic, normal,
AR friction
( \ l// ,’/ -
Newton’s Laws R Energy:
9 / o :
P =ma S > klnetlg, poteptlal
> o NS gravity, spring
Fip = —F54 DN .+ work (friction)
\ AN
VY AN 4
\\ \ .
\ \\ p| .
LA System of particles
\
Time & Position ‘\\ N g
t,7, v, d Vo
Mass m — force F N _
Vo f Rotation:
Voo T=1a
\ o
\ Special case: a =
\
AN constant
\
N
\
N
Equilibrium
Summary: University Physics | g
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Motion with

a = constant

Conservation
of energy

Conservation
of momentum

R

cm = constant

7

Fretx = may,
Frety = may,

Tnet,z = la,

Rolling motion




Kinematics ]

~

1D Kinematics (definitions)

Xy — Xq o ox(t+At) —x() dx
Yavg = ¢ VT P} At T dt
v, — Uy vt +AY) —v(t) d*x
\aavg - ty —t; “= Alir—r}o At - dtzj
/3D Kinematics (definitions) \
. r—T1 A7 d7 A A -
U“vg:tz—tl v=Al}:r_1)10E=E=vxl+vy]+vZk
dx dy dz

components: v, =

— Yy ==,V = —
dt’ > dt’ % dt
R Uy — Uy AV dv  d3F

-
a = lim

Aavg

tz — tl ’ At—0 At B dt dtz

4 )

Relative motion i
Tpg = Tpp T 7By %
Upg = Upp + Upy

- _ =
Apy = Qpp

\_

Frame B

) "BA

Frame A

/1D Motion a = constant

x =x0+v0t+§at2

vV =vy+at

v? = v + 2a(x — x4)

If two objects — same place
Ql = x, (same time)

AN

6) Projectile Motion

X =Xg+Vycosfyt

1
t —=gt?

Y = Yo + Vgsinf, >

U, = Vg CoSs b,

vy = Vo sinfy — gt

Special cases:

1. yr = yo (same ground)
2.0, = 0° (horizontal launch)

QHO =90° (vertically launch) /

Uniform Circular Motion
2T

r 1%




[ Dynamics ]

(Newton’s Second Law: ) /Newton’s Third Law: )
For any particle of mass m, the net force F If object 1 exerts a force F,; on object 2,
on the particle is always equal to the mass then object 2 always exerts force F;, on
m times the particle’s acceleration: object 1 given by
\ F = mC_i / \ F12 = _F21 /
/Forces \
Gravity F, =mg toward the ground
Normal N =mgcosO % Foxterngi 1 perpendicular to the surface (and away)
Tension T along the string
Static friction f; < usN parallel to surface & opposite the external force
\Kinetic friction f; = uN always opposite to direction of velocity /
: : : : )
2D Linear (Translational) Motion Centripetal force
F = ma mv?
Fnet'x —m ax Fretr = (toward the center of rotation)
ety y J
" Problem Solving: For every object we have to draw a free-body diagram. )
1) Include ALL forces acting on the body matter. 2) If a problem includes more than one body -
draw a separate free-body diagram for each body. 3) Not to include: any forces that the bod?/
\_exerts on any other body. )




[ Energy

ﬂinetic Energy

1
K = =mv?
va

Potential Gravitational
Uys(y) = mgy
Potential Elastic

Qs(x) = %kxz

-~

J

o

Work
W@ - f)=FE(xr—x;) +E(yr — )
W(i—>f)=13-cf=chost9
Power

w aw .
Pawg =77 P=——=F-7

Principle of Conservation of Energy

If all of the n forces ﬁi (i =1, ...n) acting on a particle are conservative, each with its
corresponding potential energy U; (7), the total mechanical energy is constant in time

Ki + Uil + Ui2 + -4 Uin - Kf+ Ufl ~+ Uf2 e Ufn

VAN

(

\.

Conservation of Energy with nonconservative forces (specifically with friction)
Ki + Uil + Ui2 + .-+ Uin = Kf + Ufl + UfZ + .-+ Ufn +fkd

J




~N

Newton’s Second law for a systems of
. articles
[ Systems of Particles ] 213
i Fext or Magy = Fext
\_ J
-

Principle of Conservation of Linear Momentum: If the net force external force Fé*t on an N-
particle system is zero, the system’s total mechanical momentum is constant

ﬁ = mlﬁl + m21_7)2 + -+ mNﬁN
\ J

/If the net force Fe*t acting on a system is zero, then a system moves with constant velocity \
Vey = contant

And if initially By = 0, then the position of the center of mass R, does not change
despite individual positions of particles may change.

1_2) ml?l + mz?z + .-+ mnFn
cCM —
K m1+m2++mn

%
/Collisions: \

Elastic: p1; + P2 = P1r + P2y (momentum), Ey; + E; = Eqf + E;¢ (energy conserved)

my —m, — 2m, ’ ’ 2m, — m, —my ’
Uy T —— Uy = | T Uy
my; +m, 2f L 2t

Vi =
f m1+m2 m1+m2

mq + m,
Inelastic: py; + pPa; = P1r + P2y (momentum), Ey; + Ey; # Ejf + E;f (energy - NOT conserved)
kCompIeter inelastic collision: m;v;; + m,v,; = (my + my)v¢ j




Rotation

\

/

Rotational kinetic energy

1
— 2
K 210)
Kinetic energy of rolling
1 2 1 2

4 .
Angular variables: 0, w, a

Relating linear and angular variables
s=0r,v=owr,a=ar

\_

Rotational Inertia (for a single particle)
I = mr?
Rotational Inertia for common objects

— 2 — 2
Isolid cylinder — EMR ’ Isolid sphere — EMR

J

Krranslational and Rotational Dynamics
(Newton’s Second law)

-

F,.; = ma translational motion
T=la rotational motion (& = a/r)
for rotation in (x,y) plane

\Fnet,x = May, Fnet,y = may, Tpetz = la,

~

J

\. J
e : : : : — D
Rotational kinematics with @ = const
1
6 = 90 + w0t+§at2
\ W = wo +at )
4 )
Torque
7=7xF =7rFsing
7, = xF, — yF, for rotation in (x,y) plane
. J
[Angular Momentum )

L=#xp (aparticle), L = Ia (rigid body)

S L _ dL
Tnet = 10 = — Newton’s second law

\_f Tner = 0 then L = constant or L;w; = Irwp )

[Equilibrium (translational + rotational) A
Frpetx = 0 balance of forces
Frety = 0 balance of forces

\_Tnet,z = 0 balance of torques )




Math and more ] (‘Trigonometry h
L X2 +y2 = 12 i
e \ a+f =907
Scalar (dot) product 4 X =rcosa o
c=d-b=abcosf 0 \J ~ e J
c=d-b=ayb,+a,b, b
\ / 2D coordinate systems y
4 Y|
Vector (cross) product o o y
¢=3dxb=absing
For vectors in (xy) plane b x 0 *
¢, = ayby, — a,b, %
\ j > Most problems Incline problems

( N\ |
Vectors (components) (" Unit conversion (example)
a, = acos@, a,=asinb 130 km\ (1000 m 1h
130 km/h =
[raz = aretan® 1h )\ 1km )\3600s
\a = [ax t ay, = arctan’ - y \_=36.1m/s

~

Quadratic equation
ax’+bx+c=0,

—b + Vb? — 4ac
X =
\_ 2a ) 7




