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Lecture 26: Rotational Dynamics & Static Equilibrium

Physics for Engineers & Scientists (Giancoli): Chapter 13
University Physics V1 (Openstax): Chapter 14

Pascal’s Principle

“Any change in pressure applied to a completely enclosed fluid is transmitted undiminished to every
part of the fluid and to the walls enclosing it.”

This is a direct result of P, = P; + pgh.
Any change to P; changes P, as well, and P, could be anywhere in the fluid.
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The two pistons are at the same height. They must
have the same pressure.
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The mechanical advantage created in this way is the basis of hydraulics.

Example: The input piston of a hydraulic lift in an automotive repair shop has a radius of 1.00 cm.
The output piston has a radius of 32.0 cm. What force is needed at the input piston to lift the 1570 kg
car on the output piston?

o Ay . nrfF B (n)zF B (n)z B (1.00 cm>2 (1570 k )(9 80 m) CisoN
PTAE T T ) TP gy M9 = \32.0cm g7V z) = 2>
Energy is still conserved. For every millimeter the car moves, the input piston must move a meter.

Archimedes’ Principle “The buoyant force is equal to the weight of the fluid displaced.”

e The net sum of the force of pressure on all sides of an object is called the Buoyant Force, and
it points upward.

A . Let’s take a large mass of a static fluid and place and object inside. We
¥ can calculate the buoyant force on this object.

FB:FZ_F1=P2A_P1A= [PZ_Pl]A:
Fg = [(Py + prgh) — P1]A = ppghA = ppgV =

Fgp = mppg = Wpp

w " 2 Archimedes’ Principle: The buoyant force on an object is equal to the
weight of the fluid displaced.

If the object is replaced with fluid (the same fluid), the fluid filling the boundaries is static. If the
fluid is static, then the net force must be zero. If the net force is zero, then the buoyant force must
equal to the weight. The buoyant force doesn’t change when we return the original object.

e To get the Apparent Weight (Wapp) 0f an object subtract the buoyant force from the weight.

Objects in water are easier to lift as the buoyant force helps us.
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Conceptual Example: If blue fluid is added to the glass with red fluid, will the ball rise or fall?

11

Before the blue fluid is added, the ball has half of its volume submerged.

The grey ball sinks to the bottom when it is
placed in the glass with the blue fluid.

The grey ball floats with half of its volume
submerged when placed in the glass with the
red fluid.

If the blue fluid is slowly added to the top of
the red fluid (with the ball floating on top)
will the ball rise or fall?

1 1 1 1
Fg = Wpr = prr (5 VBall)g + Pair (5 VBall) g= (EpRF + EpAir) Veai "9 = Wgau
If the ball remains in the same place (when the blue fluid is added), here is the buoyant force:
1 1 1 1
Fg = Wpr = prr (5 VBall) g+ Psr (5 VBall)g = (EpRF + EpBF) VBai * g

1 1 1 1
AS ppr > pair, then: (EpRF + EpBF) Veau =9 > (EPRF + EpAir) Vba* 9 = Waan

As the buoyant force is greater than the mass of the ball, the ball will
rise until the buoyant force is equal to the weight.

Example: A duck is floating on the water with half of its volume underwater. Determine the density
of the duck.

Fg = Wpuek = Mpuck * 9 = Ppuck * Vouek " 9

1 1
Fg = Wpp= mpr-g = ppr-Vpr"9 = Por- (EVDuck>'g = EpDF'VDuck'g

1
Ppuck " Vouck " 9 = EpDF “Vouck " 9

1 kg kg
Ppuck = EPDF = 2(1000 F) = 500%

Fluids in Motion

e In Steady Flow, all the particles are moving at the same speed as they pass a given point.

e In Unsteady Flow, particles are moving at different speeds as they pass a given point.

e In Turbulent Flow, velocities can change radically at a given point.

e A fluid is Compressible if the density of the fluid changes with pressure.

e A fluid is Incompressible if the density of the fluid is constant with changes with pressure.

Fluids are nearly incompressible/ Gases are compressible.
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e A Viscous fluid doesn’t flow readily.
e A Non-viscous fluid flows readily.

We will assume that all fluids are Ideal Fluids, meaning they are incompressible and non-viscous.
We will also assume that the flow is steady.

Mass Flow Rate

e Mass Flow Rate is the amount of mass that passes through a cross-section of the pipe in a
given time interval.

- AL >
\
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(Cross-Section) (also AV)

MFR_Am_pAV_pAAL_ 4
~ At A A P

AV is the volume occupied by the mass that will move through the cross section. AL is the length of
AV, and if this masses through the cross-section in At, then the velocity of the fluid must be AL/ At.

e Contained fluid (such as in a pipe) has a fixed volume. If we assume it is an ideal fluid with
a constant density, then it also has a fixed mass. Any mass that enters one end implies that
an equal mass leave the other end. In other words, the mass flow rate is constant.

pA1vy = pAyv,

¢ Dividing out the density gives the Volume Flow Rate, which is also constant.

Ay = Ay,

Example: Water flows through a pipe of diameter 0.500 m at a velocity 0.250 m/s. The water flow
is then constricted to a pipe of diameter 0.250 m. Determine A) the mass flow rate, and B) the
velocity in the narrow pipe.

kg 0.500 m\2 m kg
MFR = pAv = (1000—3>n(—) (0250—) = 491>
m 2 s s

Ay = Az,

At 2 _d12 _O.500m2 my m
Uy = A—Z‘Ul = 7T_’r'22v1 = (E) V= (d_z) v = m (0250?) = 100?
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The Bernoulli Equation Pi+ 5pvi+pgy, =P+ 5pv} +pgy;
Rt v If we push water into the pipe, an equal amount
' of water must come out the other side. (V1=V,)
If there is steady flow through the pipe, then
A b energy must be conserved in this process.

The initial and final states have kinetic and

v gravitational potential energy, but energy is also
added by work done by pressure.

JT
|

y=0

1 1
Epit = Emvf +mgy; = Elev% + pVagys

1 1
Epinar = 5mv; + mgy, = 2pVavi +pV2gy,
Eqadgea = Wi + Wy, = FiLy — F,L; = P1AL; — P,A;L, = PV, — PV,

Emit + Eaddea = Erinal

1 1
Elevf +pVagys + PiVi — PV, = Eszv% + pVagya
1 2 1 2
E.mﬁ +pgy,+ PL— P, = Epvz +p9y>

1, 1,
Py + EP"1+P9)’1 =P+ EP”z'*‘PQ)’z
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