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Kinemetics
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Projectile motion with o constant
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Forces

1 st axiom : Law of inertia

F
net

=0 =0 V = constant

2st axiom : Equation of motion

F = maxS X

Fret = m. Fy= may
Fz = maz

3rd axiom : Law of mutual interaction

#x+ 3

= -FB- A



Forces distribution



Tension
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3rd law example

For = Fall FCAR

FwAll
-
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m = 1
,
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-60ngh

Mutual forces
my)mz

I : my . a = F -Fk

F
= mi ,m

# : my .

a = Fk

-

I It I+I : mya +Mza = F-Fr + Fk

a(my +mz) = F

Spring forces ,
Hooke's law

Fr = k . X ; Fi = - xX

Contact force with support to wall

Static friction force Kinetic friction force

Fr = Est MgF : FN FkF =Mkt Fr

Note : MurMSF



Bry friction (MuF , NSF)

Fr = Mr . (Fw) . T

Small velocities ,
viscous forces

Tw
, i

= b - ( - v)

Large velocities (e .g. air resistance)

F(w
,
s

= c.-,

Rotational motion

position:H = (y) =(cos)=
velocity: TH = dr- (-rusinwt) = rwinl
magnitude :1T(H))= ru sin (wt2 + cos(wH = rw . 1 = ru

acceleration : (H) = di = rw2 (cost
magnitude : ((t) = rw = acp=
W =2



Forces in circular motion

Frad = Fa= m .ac
=mi = muz = m(2π()2r =m(2)2r

Example :



Work

W = F
,
d = FwsB - d = F-

Norie with variable force

w = [Fy(Xi) . dxi = f Fx dxi

Lifting work and potential energy

Wpusi = Ex . &X = mgsing -x = mgah = &Epo

Work stored as energy



Motion and energy
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Momentum and force
Newton : F = m., me const

= m . d/dt

Original way : F= (m . j) = d

Momentum : F = m . T

Conservation of linear momentum

Fret =[Fr+ = constant

Momentum conservation for elastic collisions

F = 0 = APToT iProt = constant
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Completely inelastic collision

myTa, + MyTr ,
1

= MaTA
,2
+MBTB

,2

T1(my +mr) = Tz(mx +mz)

Laws of conservation

Interested in initial/final state
· conservation of energy :

- System's boundaries
- (non-I conservative forces



Center of mass (cm)

Y
, j ,
E = [X , j,

*- Area can be changed
with distance ,

weight , velocity, ...

# depends on the

situation.



Fluids



Pressure in fluids Pascal's principle

p = F = d F1 = P1 = P=
P(y) = Po - 19th

Accelerated fluids

6

FN Fres
,
r = Mcor Iradial)

·"F
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-

Fg r
-
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=
- Fy + FylSB (vertical

tau=sies We are
↑

hrl = h(r) = fwr
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Pressure on walls

· force on a
small area

Pi = SwgXi
Fi = Pi - A = Pi - dxi - b

Frot=F=Pixib

Continuous problem :

Fit = ("p(x) . b . dx = f ggx - b - dx

Buoyancy ,
Archimedes' principle

FA-SFluid : g
. /Body

,
immersed

Derivation 1 :

FA= F2 -F1

hF1
= PzA - P,A

h2
A

j

↑ Fz = f+g(h
-h1)A = fF,/



Continuity equation

Iva= d = And = Az

d = Anmdt = Azvzdt = d/

Bernoulli's equation

P + 2f13 + fgy1 = B + 2g12 + fgyz = const

Static pressure measurement

·

Im Pr = Patm + ggh
Y ·

Pitot tube

#
P +0+ (gv2 = Pz+50+0

-

P3 = P+ g+
·

1
·

3-
&



Speed measurement with a Pitot tube

pe = Pz= Po

P2= P4 = Po + 2913

D
Pu- Pz= Swqh = Pz- p = 29t

v =
[(9wgh)
S

Cavitation

P - P =(2)

Ideal , frictionless fluids

-

=-!-

ap = Pz - Pr
Px

const
.
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Venturi effect

Pe
P2

↑

-

- -

P + & gv? = cust. = P + & gv

Pr - Pr = &(Ixx)g( - P

Viscosity
A -

- F FyA +

↑ - Z

Z - Y
-

&

= Shear stress
F da

A
- T = N dz

n-dynamic viscosity

-dr

Velocity profile -(2) between parallel plates

1(z) = 1 max 1 - 2 =-1 - z



Velocity profile v(r) in a circular pipe

~ (r) = &PRThe

= Tax 1 - V

= 2r(1 - (n)2)

Pressure in tubes

Ideal , frictionless fluids Real fluids
- &-
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Px Px

const
.

8
X 8

X



Piezo tube

Ah

g
Pr = P + ggth ; Ap =

Fra -8.

#R4

a

Bernoulli : P + ggy + 1942 + 4p = constant

Hagen-Poiseville

# = volumetric flow rate (i)
Iw = A .

Vaug

Fra=
=> Ap =

128) . 4 · Ivon

#. D4


