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Last lecture: review

is 2 moving oscillation. It carries energy but not matter.
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Last lecture: review

11 1§

Travelling wave: y(z,t) = 4.0 cos(15z — 30)

What is the wave speed!? k W
2T _ 2_77
(a) 4 m/s
_A w50 2m/s
(b) 2 mis CTT TR 15
(c) 0.5 m/s
(d) 120 m/s

() 60 m/s



Last lecture: review

A boat bobs up and down on a water wave.

It moves a vertical distance of 2 m in Is.

A wave crest moves a horizontal distance of |0 min 2 s.
What is the magnitude of the wave speed!?

(a) 2.0 m/s

(b) 5.0 m/s

(c) 7.5 m/s

(d) 10.0 m/s



Last lecture: review

A boat bobs up and down on a water wave.

It moves a @ertical distance of 2 m in Is)

A wave crest move a(horizontal distance of 10 m in 2 s]
What is the magnitude of the wave speed!? \

Matter (boat) speed Wave speed
(a) 2.0 m/s
(b) 5.0 m/s
Az  10m
(c) 7.5ml/s S Ar T 94 =5.0m/s

(d) 10.0 m/s



Slinky Experiment

Bottom ~ Top ™  Together

What happens when the top of the slinky is released?

(a) the bottom drops first (c) top and bottom drop together

@cop dr@ (d) top and bottom approach the
centre




Slinky Experiment

At the start, the spring is being held.

At the top, the hand’s contact force
and gravity balance.

At the bottom, gravity and tension
balance.

The top is released.

The top knows it has lost its upwards
force and starts to fall.

But the bottom does not yet know the
upwards force has gone.

The bottom stays still.



Slinky Experiment

h - The information about the lost
upwards force travels down the
% Spring in a wave.
When the wave reaches the bottom,
a0 e‘* the bottom knows it has lost the

upwards force.
2

The bottom falls.




Fluids




What is a fluid?

A fluid is something that takes the shape of its container.

liquids are fluids gases are fluids solids are not fluids



What is a fluid?

liquid molecules are close together.

Difficult to push closer.

Liquids are

3

Density is constant: p = %

Easy to push closer.

Gases are

Density changes.



What is a fluid?

oSolid Liquid

Holds Shape Shape of Container Shape of Container

Fixed Volume Fixed Volume Volume of Container




Fluid properties

we could use the laws of mechanics to
calculate fluid motion....

....and apply Newton’s laws to each
molecule in the fluid.

But a drop of water contains
1,000,000,000,000,000,000,000

molecules.

So it would take the fastest computer
many times the age of the Universe to
calculate the motion!




Fluid properties

Consider fluid as . rather than made from discrete
(separate) particles.

Macroscopic (large-scale) properties:

<| 3

P = % N/m?] = [Pa] pascal

Pressure is a scalar (non-vector).
It applies in all directions.




Fluid properties

L 2
P:Z N /m?|

If the force is applied across a large area, the pressure is small:

If the pressure is distributed over many
nails, it is not enough to pop the balloon.

E_ If just one nail is used, the pressure is high
and the balloon pops.

-.ﬁ'é' B e s



‘Hydrostatic equilibrium

If the fluid is at rest (v =0 ), F.o =0

Since: P = —

Fnet — Fl -+ FQ — A(Pl — PQ) — AAP constant P
if [l =0, P = constant

Without external forces, hydrostatic equilibrium
needs constant pressure

increasing P



‘Hydrostatic equilibrium

With gravity, the pressure force balances the
gravitational force.

Since the pressure force comes from pressure &
difference (A P), it increases with depth.

Consider forces on a column of fluid:
Fp :Fp0+Fg - PA:POA—I—mg
since: m = pV = pAAhQ

PA — PyA = pAAhg — P = Py + pgAh

More generally: for liquid (constant P )

N dP .
N pg — pT P4 | Hydrostatic equilibrium




'Hydrostatic equilibrium Quiz.

Through which hole will the water come out fastest?

(2)
(b)
F
P=7

P is higher at (C), therefore force
is greater and velocity is higher.




‘Hydrostatic equilibrium

Two dams are identical in size and shape and the
water levels at both are the same.

| dam holds back a lake containing 2,000,000 m?3

of water while the other holds back a
4,000,000 m? lake.

Which statement is correct!?

(1) The dam with the larger lake has twice the average force on it.
(2) The dam with the smaller lake has twice the average force on it.

(3) The dam with the larger lake has a slightly larger average force.

if h the same,

(4) None of the above > — P = By + pgAh P the same



'Hydrostatic equilibrium Quiz.

Find the pressure at a depth of 10 m below the surface of a lake if
the pressure at the surface is | atm (atmosphere).

latm = 101kPa
p = 10°kg/m”
(a) | atm
(b) 199,000 atm
(c) 1.97 atm

(d) 199 atm




'Hydrostatic equilibrium Quiz.

Find the pressure at a depth of 10 m below the surface of a lake if
the pressure at the surface is | atm (atmosphere).

latm = 101kPa
p = 10°kg /m?
(a) | atm P = Py + pgAh
(b) 199,000 atm — 101 kPa + (10° kg/m?)(9.81 m/s*)(10 m)
(c) 1.97 atm = 199kPa = 1.97 atm

(d) 199 atm



Pascal’s Law

Since: @ @ 0gAh

An increase in Gives the same increase in
pressure here pressure everywhere in the fluid

Pascal’s law:
A pressure increase anywhere is felt everywhere in the fluid.

Application: hydraulic lift

small force FY, gives pressure P = —

This pressure is felt at the right-hand
end to give: F,, = A, P

The area is larger, so the force is bigger.



Pascal’s Law Quiz.

The large piston in a hydraulic lift has a radius of 20 cm.What
force must be applied to the small piston of radius 2 cm to raise a
car of mass 1500 kg?

Fror = mg = (1500kg)(9.81 m/s?)

BORENAN = 1.47 x 10* N
(b) 1470 N
F Aq Tr?
c) 147 N p— 1 _ =g T
) A A Ay Wrgmg
(d) 15 N
2 2
_ 206m2 % 1.47 x 104N
CITl

— 147N (~ 3311b)



‘Archimedes’ Principal

Float or sink?

Pressure (P) on a volume of fluid.

vt
\ Volume of ( .
cra el Pressure and gravity balance.

\ equulubnum ’

/f \ Fp =F, =mg

If we replace that volume with a solid object, the
remaining fluid is the same.

- Therefore, P (and Fp) is the same.

The pressure force on the object is the

It is equal to the weight of fluid displaced (removed).




‘Archimedes’ Principal

1

Fp = Fy4 5 =muia)9

If the object is heavier than the fluid, its gravitational
force will be bigger than the buoyancy (P) force.

Fp < Fy0 = M(object)d Object will sink.

' If the object is lighter than the fluid, its gravitational
force will be smaller than the buoyancy (P) force.

| Fp > Fg,o — M (object)Y ObjECt will float.



‘Archimedes’ Principal Quiz

The wood and iron have equal volumes. The wood floats and the
iron sinks.Which has the great buoyant force!?

(a) wood
(b) iron Iron displaces the greater weight of water.

(c) same



‘Archimedes’ Principal Example

A cork has a density of 200kg/m®. Find the fraction of the volume
of the cork that is submerged when the cork floats in water.

Buoyant force = weight of water displaced

=mwg = (pwV')g

Gravitational force: p.gV

To float: Gravitational force = Buoyant force __9

pegV = pw gV’
Vi pe 200kg /m? |

V. pw  1000kg/m3 5



‘Archimedes’ Principal Quiz

On land, the most massive concrete block you can carry is 25 kg.

If concrete’s density is 2200kg/m®, how massive a block could you
carry underwater?

pw = 1000kg/m”

(a) 55 kg (c) 46 kg

(b) 266 kg (d) 100 kg



‘Archimedes’ Principal Quiz

On land, the most massive concrete block you can carry is 25 kg.

If concrete’s density is 2200kg/m®, how massive a block could you
carry underwater?

In water: Fps + Fpp — meg =0

Fapp:mcg_FPZ

Max Fapp =120kg X g

me

Buoyancy force F'pa = pwgVe. =(pwg

C

T ’
(25kg)g = meg — pwg = Meg (1 ppW>

mc=25< Pe >:46kg
Pc — PW




‘Conservation of Mass

Mass of fluid — Mass of fluid
entering in time At exiting in time At
m = p1 V1 m = pa Vs

— plAlAatl — ,OQAQAZEQ

= plAl’UlAt — IOQAQUQAAt



‘Conservation of Mass

Mass of fluid — Mass of fluid
entering in time At exiting in time At
m = p1V3 m = p2V2
= ;1 A1Ax = paAaAxs
= p1 Ajv At = po Aoy At

pAv = constant along flow | mass flow rate

for liquid (constant P)

Av = constant along flow | volume flow rate



‘Conservation of Mass Quiz

Water flows through a pipe that has a constriction in the middle
as shown. How does the speed of the water in the constriction
compare to the speed of the water in the rest of the pipe!?

(A) It is bigger Av = constant along flow

(B) It is smaller

(C) It is the same



A stream of water falls from a tap.

Its cross-sectional area changes from
Ap = 1.2cm? to A; = 0.35cm?

The 2 levels are separated by h = 45mm.

What is the initial velocity and volume
flow rate!

(Hint: use constant acceleration equations)

(a) Vo = 31.1cm/s  volume flow rate: 37cm3/s

(b) vo =9.1cm/s  volume flow rate: 10.9cm® /s

(c) vo =28.6cm/s volume flow rate: 34cm® /s



‘Conservation of Mass Quiz

A stream of water falls from a tap.

Its cross-sectional area changes from
Ap = 1.2cm? to A; = 0.35cm?

The 2 levels are separated by h = 45mm.

What is the initial velocity and volume
flow rate!

(Hint: use constant acceleration equations)

Conservation of mass:  Agug = Av  — v5 = A%v* /A7

v £ i + 2gh

2gh A?
Vo = \/A(Q;q 1z = 28.6cm/s Volume flow rate: Agug = 34 cm® /s



‘Conservation of Energy

Fluid moves along pipe
‘ |
Initial position. AVIgES §m(v% i U%)

Time, t=0.

= work done

Fluid to the left exerts pressure
force at (1) as fluid moves I

Wi =Fx = PAx;

el luid to the right exerts opposite
ELALUID AL pressure force at (2) as fluid moves
L2

Wy = —Fyxeo = —P2Asxs

Work done against gravity: W, = —pVg(y2 — y1)



‘Conservation of Energy

AKZWl—l—WQ—I—Wg

1
§m(v§ —v7) = PlA1xy — Py Ayay — pVg(y2 — 1)

For incompressible fluids: Ajx1 = Asze =V

1
Pr— P2 — pg(y2 — y1) = 5p(v3 — )
15 1y
Py + pgyr + 5,0”01 = P>+ pgys + 510’02
15
P+ pgy + —pv® = constant Bernoulli’s equation

2



‘Conservation of Energy Quiz

Two empty pop cans are placed about '/4” apart on a frictionless
surface. If you blow air between the cans, what happens!?

A) The cans move toward each other.
B) The cans move apart.

C) The cans don’t move at all.

velocity increases, so
pressure decreases between
the cans.

.\l
The higher outside pressure plowin9

pushes them towards each

other. P + pgy + lpUQ — constant

2



‘Conservation of Energy Quiz

A liquid with density p = 791kg /m? flows through a horizontal pipe
that narrows from A4; = 1.2 x 107°m? to Az = A;/2.

The pressure difference between wide and narrow sections is
4120 Pa.

What is the volume flow rate Av?

(@) 4.48 x 10°m? /s
(b) 2.24 x 10~°m? /s

() 3.03 x 10~ °m?/s

(d) 6.06 x 10~ °m?/s



‘Conservation of Energy Quiz

A liquid with density p = 791kg /m? flows through a horizontal pipe
that narrows from A4; = 1.2 x 107°m? to Az = A;/2.

The pressure difference between wide and narrow sections is
4120 Pa. What is the volume flow rate Av?

Ajvy = Ayve = R, (volume flow rate) Q%Q
2

1 |

Bernoulli: P; + pgy 2,02)% = P> + pgy 2,01)2
15 1y
R, Py 4 —pvi = Py + —pv; R, 2R,
V] = — 2 2 Vg = — =

B 2(P1 — PQ) B _3 (2)(4120 Pa) B o _3 m3 -
R, = Al\/ = 1.2 x 10 \/(3>(791kg/m2) — 224 x 103 m3/



Lift and curve

How do aeroplanes fly?

Lower pressure is caused by the increased speed of the air over the wing.

Aeroplane wing:

»# : —d =l The distance travellgd

above the curved wing is

larger than below it.

since the s higher beneath the wing the wing is pushed upwards.

From conservation of mass, the air flow must take the same time
to go over and under the wing.

Therefore, air above the wing moves faster.

1
—pv° = constant

2
A higher velocity gives a lower pressure above the wing.

From Bernoulli’s equation: P + pgy +

This pressure difference gives an upwards force.



Lift and curve

Similarly for a curving ball:

Longer arrows indicate faster airflow

Bottom of ball, the spin and air ke e

velocity are in the same direction.

The ball drags that air, making it faster. Pf:‘i“ /

Velocity is higher and so pressure is /
b

lower.

LovcrpCfuc

Pressure difference gives downwards
force.



Lecture || :Summary

§ Fluid properties: pressure, density, flow velocity

§ Archimedes Principal: buoyancy force from pressure is equal
to the weight of the displaced fluid by an object.

Objects less dense that fluid will float
Object more dense will sink

& Continuity Equation: conservation of matter
pAv = constant along flow

& bBernoulli's Equation: conservation of energy
|
P+ pgy + 5,02)2 = constant

(relate flow speed and pressure)



