Formula Collection Physics1A, Mechanics

Geometry
Circle:U=r-2m, A=r%-1

Sphere: Agyrpace =72 4m, V=13 %n

Trigonometry
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Trigonometry on the circle
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Quadratic equation
-b+VbZ-4ac

0=ax?+bx+c, x,= —

> 0= x1/, = real
=0=>x; =X,
< 0= x,/, =imag

b2 —4ac=D

Alternative

0=x*+px+gq, x1,2=—§i (B)Z_q

Quantities in typical letters, they may vary!
Base Units (Mechanics)
Time:tins

Mass: m in kg

Selected derived units

2
Energy/Work: E,W inJoule ] = kgszn = Ws
Force: FinN = ki'zm Power: P in Watt W

Length: [, s inm

Vectors

7= ()
- v
Vy
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-
-

Scalar product A

Projection of

b onto d

|bal =d - b

i b= ayby + a, b, = |a| - |b| cos ¢

Projectile motion

A l
B
X
In components:
X-movement y-movement
a, =0 a, =—g
v, (t) = vy - cosf v, (t) = v -sinf — gt
x(t) = (ocosB)-t y(t) = (vosinp)-t

_1 .2
th

vy = (vosinf)? — 2gy

Parabola

_ 9
y(x) =tanf - x 2 (vg cos,B)Zx
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Formula Collection Physics1A, Mechanics

Constant acceleration

Average velocity

v(t)=alt)=vy+a-t
x(t) =x9 + vyt +3a-t?
v(t)? = v? = v3 + 2a(x — xg)

Vav = %(U + 1)

Constant angular
acceleration

Average angular velocity

Translation (linear motion) Rotation
Distance x, arc length s x,s=r-0,r =radius Angle 6 (Theta)
Velocity x .dx . de
=1t - v Angular velocity 0 =7 = w (Omega)
Trac/arc speed $ S=1:0 =V,
. .  d?x " = . = d?0 .
Acceleration ¥=—7=a,5=10=aun Angular acceleration 6 =—5 = & = a(Alpha)
a = const. a = konst.

wlt) =00t =wy+a-t
0(t) =6y + wy - t + 3ax - t2
w(t)? = w? = wi + 2a(8 — 6,)

Wqy = %(w + W)

a=v=Xox=[vdt,v=[adt

a=0=0c0=[wdt,w=[adt

Circular motion:

Uniform circular motion:
w = konst.
Radial (centripetal) acceleration

Angular frequency (Omega) w ,
frequency f, w=2m-f

Arclengths =1 -8, (respektives =1 - @)
Arcspeed § =70 =7+ = Vyqp
Accelerationalongarc/path§ =16 =7+ a = a4y,

v
(CP) QAradial = Azp =71 w? = -

Centripetal force  Frqg4iq1 = Fcp=m - acp

Forces

Equation of motion
Law of inertia

Law of interaction

Normal force Fy,

Frictional forces

Static friction (SF):

Fsp = Fpun < Usp + Fy
Kinetic friction (KF):

Fxp = tgr - Fy

2

Spring force (Hooke‘s model) ﬁH =—-k-X

kior = k1 + ky

1
Keot = k_1+

Tension
2m1m2
mi + Mo

mg

Two ropes holding one weight

T, =

cos(f2) - sin(6q)

cos(fy)

+ sin(fs)
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Simple machines Force * Distance = constant
Work

AW =F,-Ax =FcosB-Ax = F - A%, F = const.
Work variable forces:
AW =Y, F A%, = f;fﬁ - d%

Work = energy transfer

1
Whooke = f kx dx — Eeiqst = Ek(xlzg —x2)
XA

Waccel
2gAh
Wpot =mg Assinf — U =

= F, Ax = maAx — Eyj, = %m(vﬁ —v2)
Epot = mgAh
Whin friction = Fgr Ax = pgpFyAx = Q = Warme

Conservation of energy W,,;, =0 © Eypra = Erorp
Pulleys

mg

FpUIIZT 5 lrope:Ax'n

Differential pulley block

R—r
Foun = mg (

R ) Whige = mgm (R — )

Momentum p=m-¥ [N-g]

- dp
Fres

Newton generalized: o

Impulse / = Change of momentum Ap

tg A
j= f Fdi=Ap
ta = ﬁB - ﬁA
Average force Fa
o 1 (b,
E,= i, Fdt - -
AP _Pa— P1_i=53_ﬁ,4
TAt t,—t, At tz—t,
Cavitation

b1 —p2 =

I\?ol 1— (é>2
242 7 A

Power (work/time):

P = konst _dW Fds_ﬁ N
ons a  a Y
W = f Pdt
Average power
ftz Pdt _w
(Plar = t,—t; At
Piezo tube A

p1 = p2 + Ap = p2 + pgAh

+ Ap = const.

2
P+ pgy + -

Momentum conservation

F;"eszszzo
k

S Pror = const

- _ =
= Ptot,a = Ptot,B

Completely inelastic collision
MmyVy1 + MpVpq

= MyVy, + MpVp;y , Va2 = U2
= (my + mp)v,

0
X3
X —']xz
i cm > xl
H e
Mot A my my; M3
Center of mass coordinates:
(Comparison Balance Beam Scale)
myx, + myx, + mgxz + -+ m;Xx;
X, = = -
cm m1+m2 +m3+ —t Mot
L
mtot
oyt my; 0 ydm
YCm + - -
my +m; + Myot Miot

Movement of center of mass:

Mgy =P =Py + P2+ =m0y +my v, + -

dp
dt

-

macm = =ma, + m,a,; +oe = Tes — ext,k

Contact forces
Fa

Zn Mnp

FC:mref'

Torque Leverarm X Force, r X F F
M=#xF -~}

F| = Fan = F - sin(¢)

|M| =TJ_’F=T'FJ_
™~Line of
action
of

r, =1 -sin(¢)
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Pressure
F, _ dF,

P=a~da
N kg
[p] —E—W—Pascal—Pa

1 atm=1.013 bar = 1.013x10° Pa
1 bar =10°Pa =103 hPa

Density p= % (rho), V:Volume

Fluid pressure, hydrostatic pressure
P=pPot+p-g-h

Do: external pressure

h: height of column, depth

CONSERVATION EQUATIONS
Continuity equation
Volume flow
Iyor = A1 - vy = A, - v, = const.
v;: Flow velocity at point i
Aq: Cross-section at point i
Venturi effect

15 1 1
P1—p2 = §Ivol'9 (A_§ - A_§>
Bernoulli's equation along flow line

1 1
pLt5pvi+pghy=ps+5pvi+pgh, = konst.

Velocities:
Pipe flow Pitot Tube
2 h
v=uv; =+2g(H—h) ’ Vo = /% p3:p1+%gv%

Hagen-Poiseuille equation

o g Vmax _ TR* Ap  128Ln - Iy
Vol — T 2 - 877 L T T D4
L: Pipe length, R: Pipe radius 1} 8L77 Ivol

Io1 : volumetric flow rate V

Pipe outlet with viscous loss

Principle of Pascal
Fr_ P

Force and torque on sidewall

h
Fres :/ [)(.I)(LA~ p(l’)
0

Druck in Tiefe x

h
Top Fres = Mo = / x-p(x)dA
0

Principle of Archimedes
Fa=pri- 9 Vs
Pr1: density of the liquid
Vks: immersed body volume
Buoyancy
Vi, — ImEi1 — mFe|
PFL

Viscosity 1 (eta)

F da
Shear stress 7 (tau) r=-L=—pZi
A dz A-v
F, : Shear force AlvIF,zLv F~ p,
vy : Velocity -
\ A
oz

Flow profile between
two parallel plates
H? Ap ) )
Umax =
87) L

o) = vmas 1= (£)'] = B

Flow profile in a circular pipe

T

Ap- R* R2 7\ 2 72
’U(T) 4. L n 11— (E) = Umax 1— (E)
Ap: loss of pressure L: length of pipe
R: inner pipe radius Vmax: Maximum velocity

Resistance forces
Flow around body:

FDrag = %pFlvaCw

pr1: density of fluid

v: Flow velocity

A: Cross-sectional area

Flow resistance of a sphere (v small)
Fstores = 6MNRY

R: radius sphere

Looping

Banin = 37 | hmin = (57 + 4p)r

mgh = mg(2r) + smod,, (+ [;a0 Frds)
Velocity

v(0)2 =29 (h —r(1+sinf))

Tangent force

Fian(0) = mgcosé
Resulting force
2 .
Frr(8) = m &) :
r N




