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Slice of Y

10-11 RlixaImalE iretn <X

about z-axis .

Li = m(rw)r, = mr; o

L = le — (Emiriz)w = Jw

Angular momentum of ... ., Moment of inertia of rigid L; = angular momentum of ith
vy o b / particle of rigid body

s o . - R _ .
a rigid body rotating L=Ilw, body about symmetry axis B
¢ < L;1s perpendicular to the plane of motion

around a symmetry axis Anglﬂa.r velocity vector of rigid body (if the origin O 1s in that plane) and has
magnitude L, = mu;r; = m.ro.

For a system of particles: dl_: Rate of change of total
Sum of external torques AE = 4 angular momentum L
on the system dt of system

WiFm Rz EEE: RREL->CHEIRMZ S NENHAEBEF T ZENEARGAENILE



10.12 QlipmElEFEER

S7 =dL/dt. If 37 = 0, then dL/dt = 0, and L is constant.

CONSERVATION OF ANGULAR MOMENTUM When the net external torque
acting on a system is zero, the total angular momentum of the system is constant

(conserved).
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+ ANIERE
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First condition for equilibrium:
For the center of mass of an object
at rest to remain at rest ...

... the net external force
on the object must
be zero.

IRREREIA IR IFAELERS

FRINIBOIRNF

IFor a nonrotating object to remain
nonrotating ...

Second condition for equilibrium:

...the net external torque

“vaa, CH"OH«H(J Cl”}" p()iﬂf on

the object must be zero.




Example 1

First condition satisfied:
Net force = 0, so object at
rest has no tendency to start
] ] moving as a whole.

F F

Second condition satisfied:
R Net torque about the axis = 0,
so object at rest has no
Adis of rotation tendency to start rotating.

Vv In static equilibrium (FF53E1E)



Example 2 First condition satisfied:
Net force = 0, so object at
rest has no tendency to start
moving as a whole.

Second condition NOT

tF
l >@< l ] satisfied: There is a net
F

clockwise torque about the
axis, so object at rest will
start rotating clockwise.

x Not in equilibrium (JE3E1E)



Real examples of dynamic equilibrium




R BAT Ao B Rl BN B

—

HAFKEE: felmiEh

H P17 S 4
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center of mass and center of gravity

T SR Y
FRILEX :
Position vectors of individual particles
o ‘,.*‘ ..." —
Position vector e e e Zmir i
of center of mass =" a2 miry + mpry + mgry + - _
of a system of particles ~ ‘™ my + my + my + - Zm
R R R !

Masses of individual particles

F2BHERROCHECES?
S IINEEER N RORTAZN, &8
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BEANMRSFMZENDIE:
?}-=71-><1T)1-=71-><m1-§

BRSPS EDTIE:

T=D>T,=FXmg+rHXmg+---
I

ﬁ.

= (mF + myry + -+ )X g

=(é2%ﬁ)x§
l



FRICERZE/D7I3E
FRBRR=FRZE7I}E:
T= DT =SFXmE+HXmg + -

—

= (mr +mry + -+ )Xg
- ()<
RS2 E3E: S 7

ml?'l + m272 + -

ml—l—m2—|—--- Eml—




SHERARUDFIET?
Where 1s the center of gravity of this mug?

@Now suspend the
mug from a different
point. A vertical line
extending down from this
point intersects the first
line at the center of
gravity (which 1s inside
the mug).

@ Suspend the mug
from any point. A
vertical line extending
down from the point of
suspension passes
through the center of
gravity.

Center of gravity
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[a)ER :
Figure 11.7 At what point will the meter
stick with rock attached be 1n balance?

Rock, mass m Meter stick, mass m

AN A """"""""""""""""""""""""""

I (ii) In equilibrium, the center of gravity must be at the point of support. Since the rock and meter
stick have the same mass and hence the same weight, the center of gravity of the system is midway
between their respective centers. The center of gravity of the meter stick alone 1s 0.50 m from the
left end (that is, at the middle of the meter stick), so the center of gravity of the combination of rock
and meter stick is 0.25 m from the left end. dIMSNY




19“ Eﬂ : (a)

(b) 4
@ »
1y =0.340w J”F-O-“OW
1.53 m 1
T "////////////////////////////T/////////////t///////, —
g F

[ ch
I

Sr = 0.340w(0) — WLy + 0.660w(1.53 m) = 0
L = 1.0I'm
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SUMMARY

Density and pressure: Density is mass per unit volume.
If a mass m of homogeneous material has volume V, its
density p is the ratio m/V. Specific gravity is the ratio
of the density of a material to the density of water.
(See Example 12.1.)

Pressure is normal force per unit area. Pascal’s law
states that pressure applied to an enclosed fluid is transmit-
ted undiminished to every portion of the fluid. Absolute
pressure is the total pressure in a fluid; gauge pressure is
the difference between absolute pressure and atmospheric
pressure. The SI unit of pressure is the pascal
(Pa): 1Pa =1 N/mz. (See Example 12.2.)

p= (12.1)

(12.2)

§|S€ <|3

Small area dA within fluid at rest
(I
| -
I
— dF,
dF, =< #
o :

Equal normal forces exerted on
both sides by surrounding fluid

Pressures in a fluid at rest: The pressure difference be-
tween points 1 and 2 in a static fluid of uniform density

p (an incompressible fluid) is proportional to the differ-
ence between the elevations y and y,. If the pressure at
the surface of an incompressible liquid at rest is py, then
the pressure at a depth k is greater by an amount pgh. (See
Examples 12.3 and 12.4.)

pr—pi = —pg(y2 — n)
(pressure in a fluid (12.5)
of uniform density)

p=pot+ pgh
(pressure in a fluid (12.6)
of uniform density)

Fluid, density p

/72 =Pos-

Buoyancy: Archimedes’s principle states that when an
object is immersed in a fluid, the fluid exerts an upward
buoyant force on the object equal to the weight of the fluid
that the object displaces. (See Example 12.5.)

Fluid element
replaced with
solid object
of the same
size and shape

Fluid flow: An ideal fluid is incompressible and has no vis-
cosity (no internal friction). A flow line is the path of a fluid
particle; a streamline is a curve tangent at each point to the
velocity vector at that point. A flow tube is a tube bounded at
its sides by flow lines. In laminar flow, layers of fluid slide
smoothly past each other. In turbulent flow, there is great
disorder and a constantly changing flow pattern.
Conservation of mass in an incompressible fluid is
expressed by the continuity equation, which relates the flow
speeds v, and v, for two cross sections A; and A; in a flow
tube. The product Av equals the volume flow rate, dV/dt,
the rate at which volume crosses a section of the tube. (See
Example 12.6.)
Bernoulli’s equation states that a quantity involving
the pressure p, flow speed v, and elevation y has the same
value anywhere in a flow tube, assuming steady flow
in an ideal fluid. This equation can be used to relate
the properties of the flow at any two points. (See
Examples 12.7-12.10.)

Ay = Aty
(continuity equation,
incompressible fluid)
dv

o A (12.11)

(volume flow rate)

(12.10)

p+ pgy + %,ov2 = constant
(Bernoulli’s equation)

(12.18)




A. i (fluid) ib ——

Al: AR TRE?

LT

A fluid Is any substance that can flow
and change the shape of the volume
that it occupies.

(By contrast, a solid tends to maintain
Its shape.)
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A2:

ALR3

S, Bk, BE

TN —=\M ),
i JEZEM .
Am
P= A
XISV -
Density of a g e Mass of material
homogeneous material -+ 0 = V< ....... Volume occupied by material

FEGRE: SR (gases) FO&IA (liquids)

H WA L

Material or Object

Interstellar space
Best laboratory vacuum

Air: 20°C and 1 atm pressure

20°C and 50 atm
Styrofoam
Ice

Water: 20°C and 1 atm
20°C and 50 atm

Seawater: 20°C and 1 atm

Whole blood
Iron
Mercury (the metal,
not the planet)
Earth: average
core
crust

Sun: average
core

White dwarf star (core)
Uranium nucleus
Neutron star (core)

Density (kg/m?)

10—2()
10717
1.21
60.5
1x10°
0.917 x 10°
0.998 x 10°
1.000 x 10°
1.024 x 10°
1.060 x 10°
7.9 x 10°

13.6 x 10°
55x10°
9.5 x 10°
2.8 x10°

1.4 x 10°
1.6 x 10°
1010
3 x 10"
1018
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Pressure ata--...
point in a fluid

1Z R TR —2

mARNELDEEREERT

:lp_

--Normal force exerted by fluid
on a small surface at that point

dr"

dA~..... Area of surface

AE_EEETII9S (FLAIETIER

P =

A

BN =z

mAREE—1E

A small surface of area
dA within a fluid at rest

R
I
dFy =< A 4

The surface does not accelerate, so the
surrounding fluid exerts equal normal forces
on both sides of it. (The fluid cannot exert any

NHUA AR

force parallel to the surface, since that would
cause the surface to accelerate.)

ST |




e MrE, HBP: KEE:  (p)a = latm = 1.013 X 10° Pa

| pascal = 1 Pa = 1 N/m? = 1.013 bar = 1013 millibar
=760 torr = 14.7 Ib/in.?

MASFIFE_EE: RIARERLEREESS R _EERMEE

RO ) e

Ilmll

I}Ib jii%jj —7—%_%1’8

g 0:‘? At a depth A, the
T - pressure p equals
Pressure at depth h e Uniform denSIty of fluid Yo =y, = h the surface pressure
o = Po plus the pressure
in a fluid of uniform---=*+----- 2 = P+ poh .. Pi
P — l%)+'Pgh‘ * Depth below surface No— Y <., 22|| pghdue to the
density 1 “|.|| overlying fluid:
Pressure at - Acceleration due Kiff%‘ﬁﬁaf“p—pu+pw.
surface of fluid to gravity (g > 0) N 4

Pressure difference between levels 1 and 2:
P2 — p1 = —p8(y2 = ¥1)
The pressure 1s greater at the lower level.



B2: [E52AINIS

- #IY/F5E (absolute pressure)

- IRESR (gauge pressure) (FEE)
o IR R £ 2 I B

2485051 K 958
pA
ARANYAE
26 %] 5 58 o IR 25
2850 [ et

BE (p>p,)

KA E5H p=p,
BHZ (p<p,)

ZxE T (p=0)



Ultrahigh vacuurm Highvacuum Mediumvacuum| Roughwvacuum ‘
<10~ ‘mbar 10-7te 10 3nbar 10-%to 1 mbar 1ta103mbar
T T T T T T T I

T
Diahpragm pump
I
Liguid ring pump

Rotary plunger pump

Piston pump
Scroll pump)

Screw pump

Rotaryvane pump
e

Rotary piston pump

Roots pump

Adsorption pump
R
Vapor jet pump

Diffusion ejector pump

Diffusion pump

101 10712 10-1 10710 102 108 w07 1w0® 1w 1wt w2 w2 1wl 1w w! w2 w3

pressure p [mbar] o Vi -10 -8
special operating range I st:rdard operating range 10 10 10

Hr

BETABREN: BER HZTE (&58) (OUE: B

)
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B3: THHRR/RIE (Pascal’ s principle)
AN

"' A change in the pressure applied to an enclosed incompressible fluid is transmit-
ted undiminished to every portion of the fluid and to the walls of its container.

WERRE: SRS TA EERNE D EINNEERMN, BEEX
RAHEIBEE RIS B IS RREE,

A small force is applied to a small piston.

*E:J:E TI]EI,EJTW'?JE}E ’ E?&’M“%’ié}ﬁ EI:[ E/‘J_‘/l\iﬁ%ijﬁﬁﬂ_“ﬂ_’i E@Egi ’ M‘j%‘?f% _‘/l\ Because the pressure p is the
i3 b R AR RS . L AN S IR AR 55— N SR (K TR 10 I
%, LA T3 AR MRS — ME R L0F%, TANE % - - heighiin 8 -
1 38 AR AT | e
s ::'-._J’Fl ; F
h Y
A
Pﬁl A PA2
L / Y,

... a piston of larger area at the same
height experiences a larger force.

Heimlich maneuver

CHEEER T BB 1) hydraulic lift (&7 T00)



fEAKRERE (Archimedes’ principle) 5%/

When a body is fully or partially submerged in a fluid, a buoyant force 77:, from the
surrounding fluid acts on the body. The force is directed upward and has a magni-
tude equal to the weight m;g of the fluid that has been displaced by the body.

JIERERE: SERRTPHOIRSEIRER ERFH, BERNETYRRT
HEFRIRBIER D,

(a) Arbitrary element of fluid in equilibrium

AN
IR

(b) Fluid element replaced with solid object
of the same size and shape

= ———

The forces due to

S

The forces on the

dF
dF, i L dF,
bR
dFL / B \\
*l/ Cg \ "
\ Wtluid /'dFl
dF_L . e L //\
oF, dF,

&_—’;’/—/

fluid element due
to pressure must
sum to a buoyant
force equal in
magnitude to the
element’s weight.

pressure are the
same, so the object
must be acted upon
by the same buoyant
force as the fluid
element, regardless
of the object’s weight.
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C2: inE. & (flow tube, flow lines)

71””11”1’

i

i

Figure 12.18 A flow tube bounded by
flow lines. In steady flow, fluid cannot
cross the walls of a flow tube.

“Dark-colored dye follows
streamlines of laminar flow
(flow is from left to right).

Area A Flow lines

Flow tube

VR R S 58



C2: &EE1% R E (continuity equation)
AIfE: ARJE48 > EFE?F}E
YIFRT1E > EEMEHTE

pAv; dt = pAsv, dt
EEESTE:

------------------ sueeeees Cross-sectional area of flow tube
Continuity equation ¢ at two points (see Fig. 12.21)
for an incompressible fluid: Alli_l - A2(i2
---------------- e Speed of flow at the two points
PRAR AL -

R, = Av = a constant

o I -

(volume flow rate, equation of continuity),

R,, = pRy = pAv = a constant  (mass flow rate).

If fluid is incompressible,
same fluid volume dV-
exits flow tube at
upper end as
enters it at

lower end.

L
e,
.
.

If f1uid is incompressible, product Av
(tube area times speed) has same value at
all points along tube.

m

\\\ J i The volume flow per

‘ —\*\ second here must
| v,
‘ ,Iv‘%z match ...

T Ay
h
L A ... the volume flow

per second here.
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FrinEit (TRERAET. Rotameter) 7]

PAF RN it , A e ] SR PR O il i

Rotameter

Scale

Pipe

Pipe

Flow mp

Clear, tapered
~— glass tube

Plummet, or
"float"

Instrumentation Tools.com

T T AR, ReRENSIEEEEE,
Bz, 2T, SEAAEKE., Hik,
FEERENREREIT (Mass flow controller,
MFC)




o " Figure 12.23 Deriving Bernoulli’s
. [ 1 1 equation. The net work done on a fluid
C 3 ) {E%*JH*E ( Be rnoutii eq u atlo n) element by the pressure of the surrounding
fluid equals the change in the kinetic
energy plus the change in the gravitational

* E ﬁﬁgi%ﬂ_’l\gl J:EEIEXT_I-;JZEAZIMME(JDJ dW — dK T dU potential energy.
dW = p1A1 ds) — pyAydsy = (p1 — p2)dV -
dK = %p dV(U22 — 012) dV = Ay ds; = Ay dsy

dU = pdVg(y, — »)
1 1
B) pi+ pgyi + 3pf = py + pgyy + 3P

Hor,

8 (BERISE: >

Pressure Fluid density Value is same at all Y2
: . Rt oints in flow tube. A
Bernoulli’s equation : & y pk.- A, T
for an ideal, p Tt p 8y, + 7 pUL. = constant d
e T,

incompressible fluid: " e
Acceleration  Elevation  Flow speed

due to gravity




C4: (BEBFIBERIRNA:

H

e

N/l

(@) Venturi meter (X EE

Difference in height results from
reduced pressure in throat (point 2).

YV e

h <

A RXER:

2‘:{
VLR

i)

1 2 1 2
p1 t 3PV = py T 3pU5

ERAIHTT, 5/



(b) CHNERIFAT:

(a) Flow lines around an airplane wing (b) Computer simulation of air parcels flowing around a wing, showing
that air moves much faster over the top than over the bottom
Flow lines are crowded together above the wing, so

flow speed is higher there and pressure is lower. “ 7 Q
: > . * o o
p). hd e - o . :
1 ——— \“‘ ﬁ : e - o ®
> £ . s : - g .
/__\ -~ g 2 : e : - Notice that air
P : Y j particles that are
1 .
— TF A5 (air) s together at the leading
|| T 2 P ‘ _edge of the wing do
— 1 3 " not meet up at the

trailing edge!

°
® &

Equivalent explanation: Wing imparts a
net downward momentum to the air, so
reaction force on airplane is upward.

o0 .....“~
o0 C...m

®
®
®
®
®
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>
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(c) IEEIFFIEE: INFLEFHa, HAGEEY, KEEERA, KA FEEE Y,

AR SR AT SR AR S AT S AT SR AR A S AR AT S

Ry =av =Ay,

a
VO=ZV.

d«A,V()@V.
| ) h = 1 .2 0
Po +3pv5 + pgh = po + 5pv° + pg(0).

FE, INFLHKIERE: v

2gh.
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WERIE. =5Ma. BE

=3, il BUK

SRR AR B ARG I, BIER K. 2R

Cross section of a
cylindrical pipe

&

The velocity profile for
viscous fluid flowing in
the pipe has a parabolic shape.
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D2: EinSimiin (laminar flow, turbulent flow)

(a) Low speed: (b) High speed:
laminar flow turbulent flow
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