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Units & Dimensions

English Unit/ Imperial system

* United Kingdom, Canada and other countries formerly part of the British

Empire
i L ol [
inch Millimeter 25.4
foot ft Meter 0.3048

mile mi Kilometer 1.609344
fluid ounce (fl) 0z Milliliter 28.4130625
gallon gal liter 4.54609

pound Ib kilograms 0.45359237



Metric unit

* Internationally agreed decimal system of measurement
* Introduced by the First French Republicin 1799

* "International System of Units“ (Sl)




Units & Dimensions

i oo i s

Length L Meter
Mass M Kilogram Kg
Time T Second, S
Temperature t Celsius degree °
Force F Newton N
Velocity Y Meter per second m/s
acceleration a Meter per square second m/s?
pressure P Pascal Pa
Density D kg/m3 o)
Power P watt



Mass density (p)

Density of a substance is its mass per unit volume
p (rho)

p = mass/ volume

kg/m3, kg/L, g/mL, ton/m?3

et | ol

Air 1.2
Wood 700
Water (salt) 1,030
Water (fresh) 1,000
Ice 916.7
Concrete 2,000
Iron 7,870
Silver 10,500

Gold 19,320




Specific volume (S.V)

Specific volume is defined as the number of cubic meters
occupied by one kilogram of a particular substance.

S.V=Volume/ mass,
SV=1/p
Units: m3/ kg, ft3/ Ib



Specific gravity (S)

Specific gravity is the ratio of the density of a
substance to the density of water.

For liquid water used as reference at 4°C & 1
atm (101.325 kPa)

S=p/p,

Wateral | peicgmity
Oak wood 0.75

Water 1

Blood ~1.060

Iron 7.87

Gold 19.3



Viscosity ()

L mu
The viscosity of a fluid is a measure of its resistance to shear or
angular deformation.

Motor oil, for example, has high viscosity and resistance to shear, is
cohesive, and feels “sticky,” whereas gasoline has low viscosity.

The friction forces in flowing fluid result from the cohesion and
momentum interchange between molecules.

SAE20 SAE30 SAE40 SAE 50

Viscosity of Water and Honey



As the tem

perature increases, the viscosities of all liquids

decrease, while the viscosities of all gases increase.

This is because the force of cohesion, which diminishes with
temperature, predominates with liquids.

Dynamic Viscosity of Water at 1 atm as a Function of Temperature

1.80E-03 +
1.60E-03 +

1.40E-03 +

Dynamic Viscosity (Pa s)

2.00E-04 +

1.20E-03 +

1.00E-03 +

6.00E-04 +

4.00E-04 +

Dynamic Viscosity of Water at STP
8.91 x 10™ Pa sec

8.00E-04

0.00E+0Q0

0 10 20 30 40 50 60 70 80 90 100

Temperature (Celsius)
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: Velocity
F o Av v d}T—/Apmfile
Yy I U —> |~—du
F i
T=~
A
dv
T= I,l X - ... Newton’s equation of viscosity
dy

T (tau): shear stress (Pa, N/m?)

l: coefficient of viscosity, absolute viscosity, dynamic viscosity,
viscosity, Pa.s, N.s/m?



* A widely used unit for viscosity is the poise (P), named
after Jean Louis Poiseuille (1799-1869).

* He was trained in physics and mathematics. He was
interested in the flow of human blood in narrow tubes.

e poise =0.10 N. s/m?2



https://en.wikipedia.org/wiki/Physics
https://en.wikipedia.org/wiki/Mathematics
https://en.wikipedia.org/wiki/Human
https://en.wikipedia.org/wiki/Blood

kinematic viscosity (v)

* v:Nnu

* In many problems involving viscosity the absolute viscosity is
divided by density.

* This ratio defines the kinematic viscosity, so called because
force is not involved.

il
L= —

p
m?2/s
stoke (St), after Sir George Stokes (1819-1903)

2

2
1St = ’"T x 10™% = 0.0001 "”T



6 (theta): angle of contact, depend on the type of liquid &
type of surface

Weight of liquid = h.r°m. y
Tensile force = 2r.11.0.cos6
h.r2 1. y = 2r.11.0.coso

2 0g.cosO
h —
y.r

Meniscus

]
N




Vapor pressure

e All liguids tend to evaporate or vaporize, which they do by
projecting molecules into the space above their surfaces.

* If this is a confined space, the partial pressure exerted by the
molecules increases until the rate at which molecules reenter
the liquid is equal to the rate at which they leave. For this
equilibrium condition, we call the vapor pressure the
saturation pressure.

e Saturation pressure increases with increasing temperature

and decreasing pressure
= water molecules

‘\/‘r

Low temperature High temperature
Particles have low average KE Particles have high average KE
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Pressure on static fluid
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» Itis defined as weight of air per unit
surface area of earth.

» It decreases with increase in
elevation w.r.t. surface of earth.

» Standard atmospheric pressure at
mean-sea-level is

=101.3KN/m? i ettt
=1.013bar kg

=14.7psi

=760mm of Hg

=33.9ft of water

=10.3m of water

o




How to measure Fluid pressure

1. H}*
ml'.E

Ensure all taps in and outside of Secure the pressure gauge
your home are turned off. to your outside tap.

https://www.youtube.com/watch?v=LD xm6zUkkU

4.

3.

-

—'
—
Review the readings on your gauge.

Tugn the tap on full. The ideal psi is between 40 to 60 psi.



https://www.youtube.com/watch?v=LD_xm6zUkkU
https://www.youtube.com/watch?v=LD_xm6zUkkU
https://www.youtube.com/watch?v=LD_xm6zUkkU
https://www.youtube.com/watch?v=LD_xm6zUkkU

izww | ~a == [ = = —
Fisure shhowws a set up of simple

mMmanormecers T L g > g

It consists of a U shaped tube. parco

oF vwhich is filled ~wich rmanmnormecric = .

1 ia Fluid, v
wsi -

Onmne end of tube is comnmnecrced ¥
with the pipe whose pressure is

reqguired to be decermined. fﬁﬂézometric
s - YWar

Due Tto pressur e, level of =
manometctric fluid rises omn onmne side

while ic falls onmn ochher side. > Yy=MTancomertctric readins

T he difference in levels is
Mmeasured to estirmace thhe
Pressure._

Y

VW —_—Specific vweisht of fluid in pipe
= Wi —Specific weishot of
manormecric fluid

6



U- tube manometer

0.35m



https://www.youtube.com/watch?v=LD_xm6zUkkU
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1. Piezometer

» It is used to measure pressure in
pipes or vessels.

» In it simplest form, it consists of a
transparent tube open from other
ends

» The diameter of tube should > '4” to

avoid capillarity action _
» When connected to pipes, the

water level rises in it which
gives a measure of pressure.

» Piezometers may be connected to
sides or bottom of pipe to avoid
eddies that are produced in the top
region of pipe
» Limitations:

» It must only be used for liquids
» It should not be used for high pressure

» dt cannot measure vacuum (-ve) pressure



Piezometer
tube

3
I|I|I|11lIIII|[II




Pressure

* Pressure is defined as force per unit area.

* It is usually more convenient to use pressure rather than force to describe the
influences upon fluid behavior.

* The standard unit for pressure is the Pascal, which is a Newton per square
meter.

* For an object sitting on a surface, the force pressing on the surface is the
weight of the object, but in different orientations it might have a different area
in contact with the surface and therefore exert a different pressure.

Weight
Fﬁﬁf‘f’ Rl A=0.01 I‘I'I2
e - P — 10,000 Pascals
Area

A=01m2 Same force,

P = 1000 Pascals  d/fferent area,

y different pressure



Static Fluid Pressure

* The pressure exerted by a static fluid depends only upon the depth of the fluid,
the density of the fluid, and the acceleration of gravity.

* The pressure in a static fluid arises from the weight of the fluid and is given by
the expression

p = m/V = fluid density
Ptatic fluid = P-8-N g = acceleration of gravity
h = depth of fluid

Static fluid pressure does not depend on the
shape, total mass, or surface area of the liquid.

Pressure= —— = — = —= = pgh

i
V = hA = volume
Yweight = mg



http://hyperphysics.phy-astr.gsu.edu/hbase/dens.html

Example: for the pressure vessel containing glycerin, with piezometer attached as shown
below, what is the pressure at point A?

Specific weight Imperial unit (Ib/ft3)
Water 62.4 9.81
air 0.0765
Open to atmosphere
-
'y
4“'3'. ) 1000 mm
|

~ Glycerin
13 o




Example: for the vertical pipe with manometer attached as shown
below, find the pressure in the oil at point A.

(s8 = 091)
-
4 by
: 7.22 fe
T C
1.00 ft
B—y-1- J+ B
- Mercury
(s.g = 13.6)

pa+[(0.91)(62.4)](7.22) - [(13.6)(62.4))(1.00) =0  p, =438.7Ib/ft* or 3.05Ib/in’



Example: The closed tank in figure below is at 20°C. If the pressure
at point A is 98 kPa abs, what is the absolute pressure at point B?
what percent error results from neglecting the specific weight of

the air?
Note: specific weight of air 0.0118 kN/m3 , specific weight of water at 20°C =
9.79 kN/m3

, pA + '}’.h]',qc - Tﬂzohpf = '}'.ileﬂ =pm 98 + (0;0118)(5) = (9+M)(5 = 3) = (04 01 18)(3) = pg = 7&4‘44 kPa.
Neglecting air, p = 98 - (9.790)(5 - 3) = 78.420 kPa; error = (78,444 — 78.420)/78.444 = 0.00031, or 0.031%.

T 4 3 | T

am

om | w [RZ T 1Y

L I 1 mga




Example: The system in figure below is at 20°C. If atmospheric
pressure is 101.03 kPa and the absolute pressure at the bottom of
the tank is 231.3 kPa, what is the specific gravity of olive oil?

Note: specific gravity of SAE oil = 0.89, specific gravity of mercury at 20°C = 13.6,
specific gravity of water = 9.79

I 101.03 +(0.89)(9.79)(1.5) + (9.79)(2.5) + (5.8.)(9.79)(2.9) + (13.6)(9.79)(0.4) = 231.3  s.g. =1.39

v _1_

SAE 300l | 15m

Water 25m

Olive oil | 29m

16 | Mercury 0-4m




Air: 175 kPa abs |
AV

l Water

70cm | Mercury
: ES}‘ =7)s

290 - [(13.6)(9-79)](i%) = 9. 7% =175  h=2.227m
Ps—(9.79)(f% +2.227) =175  p, =204 kPa




Example: A differential manometer is attached to a pipe, as shown
below. Calculate the pressure difference between points A and B.

Pa—[(0.91)(62.9)](y/12) — [(13.6)(62.4)](33) + [(0.91)(62-9)][(y + 4)/12] = pp

Pa—Ps =264 Ib/ft?
a

N

Mercury
(s.g. = 13.6)

L3
y
|

‘

Qil U . B
(s.g. = 091) ¢ “

Fig. 2.35




Example: In the figure below, calculate:

A B
Elevation in piezometer A. q
Elevation in piezometer B E 2m v i
Pressure at the bottom. o ===
Liquid A4
(s.g. = 0.72)
®
A
|
pr——d
El 03m
Liquid B
s.g. = 236 l———J
El .0m 8 )

I (a) Liquid A will simply rise in piezometer A to the same elevation as liquid A in the tank (i.e., to elevation
2m). (b) Liquid B will rise in piezometer B to elevation 0.3 m (as a result of the pressure exerted by liquid B)
plus an additional amount as a result of the overlying pressure of liquid A. The overlying pressure can be
determined by p = yh =[(0.72)(9.79)](2 — 0.3) = 11.98 kN/m’. The height liquid B will rise in piezometer B as a
result of the overlying pressure of liquid A can be determined by k= p/y = 11.98/[(2.36)(9.79)] = 0.519 m.
Hence, liquid B will rise in piezometer B to an elevation of 0.3m +0.519 m, or 0.819m.

(©) Proriom = [(0.72)(9.79)](2 — 0.3) + [(2.36)(9.79)](0.3) = 18.9 kPa.



I Let W = weight of the piston. W /[(s)(1)?/4] — [(0.86)(9.79)}(1) = 70.0, W = 61.6 kN.

= l

Oil

20

—’ Fig. 2-36




Example: The tube shown in figure below is filled with oil.
Determine the pressure heads at A and B in meters of water.

I (hH;D)(}'HzG) = (hou)(You) = (Aaa)(s. g-nn)(‘}"uln)]; therefore, iy o = (hou)(5.8.0n). Thus, h, =
—(2.2+0.6)(0.85) = —2.38m H,O and h; = (—0.6)(0.85) = —0.51 m H,O.

21



Example: Water flows downward in a pipe at 35°, as shown below. The pressure
drop pl — p2 is partly due to gravity and partly due to friction. The mercury
manometer reads a 5-in height difference. What is the total pressure drop p1 -
p2°?

p1 + (62.4)(6sin 35° + x/12 + %) — [(13.6)(62.4)}(%) — (62.4)(x/12) = p,
22 p1—p.=112.91b/ft*  (total pressure drop)






Pa

- -"

P,~ P,

e T
R
WS oA




Total Hydrostatic Force on Plane Surfaces

For horizontal plane surface submerged in liquid, or plane surface inside a gas
chamber, or any plane surface under the action of uniform hydrostatic pressure, the
total hydrostatic force is given by

F=p*A
Where: p is the uniform pressure, A is the area.

In general, the total hydrostatic pressure on any plane surface is equal to the product
of the area of the surface and the unit pressure at its center of gravity.

F=p*A

where : p,, is the pressure at the center of gravity. e A A SL A a\\\
(AN

I:=v*haverage*A o

where : h, ... is the depth of liquid above the submerged area.

ycpzycg+e

Where e: Eccentricity
e= Icg/,g‘;"yCg
Yeo=Yegtlea/A*Yeg
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If a triangle of height d and base b is vertical and submerged in liquid with its vertex at the liquid surface (see
Fig. 3-1), derive an expression for the depth to its center of pressure.

3
' bt o b6

T hed 3 ' 2d3)bd2)

Fig. 3-1

27



If a triangle of height d and base b is vertical and submerged in liquid with its base at the liquid surface
(see Fig. 3-3), derive an expression for the depth to its center of pressure.

I, d bd3%6 d
' = J—=— = —
! ho=haty d=3 Y @B)bd2) 3

—b—

L4_d
6 2

Fig. 3-3

28



A circular area of diameter d is vertical and submerged in a liquid. Its upper edge is coincident with the liquid
surface (see Fig. 3-4). Derive an expression for the depth to its center of pressure.

+&_=§ - nd*/64 d d 5d

I ha=hat i A=Y @) adia) 278" 8

AV

—Y Fig. 34

29



A vertical, rectangular gate with water on one side is shown in Fig. 3-7. Determine the total resultant force
acting on the gate and the location of the center of pressure.

I F = yhaA = (9.79)(3 + 1.2/2)[(2)(1.2)] = 84.59 kN
ch (3,12 @202 _
Fo =+ heA (3 T2 ) MR R)) Mkttt

o rmzm

=== ==
L === == |
I
I
Im ho ! I
!
I
=25 ot
1.21- ol X Nay
& .9
l ] c.pe

30



A tank containing water is shown in Fig. 3-12. Calculate the total resultant force acting on side ABCD of the
container and the location of the center of pressure.

r F = yhA = (62.4)[(0 + 6)/2][(20)(6)] = 22 500 Ib
h,=(3EX6)=4.00ft {vertically below the water surface)

= T —_ = - T = = F_L
ozt
— 20 ft e e e e -/ Fig. 3-12

31



A dam 20 m long retains 7 m of water, as shown in Fig. 3-6. Find the total resultant force acting on the dam and
the location of the center of pressure.

I F =yhA =(9.79)[(0 + 7)/2][(20)(7/sin 60°)] = 5339 kKN. The center of pressure is located at two-thirds the
total water depth of 7m, or 4.667 m below the water surface (i.e., k., =4.667 m in Fig. 3-6).

32



A vertical, triangular gate with water on one side is shown in Fig. 3-8. Determine the total resultant force acting
on the gate and the location of the center of pressure.

I F = vhad = (62.4)6+3/3)[2)3)/2] = 13101b
hey= by + fz =(6+3)+ = +(32}§[)g)3(§) =707t
AT NN N NP
o l—“—i'—{ifi'—":'_’-'::. | —:‘::E_—_:_‘-‘:i- EN -
6ft ! o,
L .{L -~ %H_L , i J
:T vy T ’ - = 11

33



An inclined, rectangular gate with water on one side is shown in Fig. 3-9. Determine the total resultant force

acting on the gate and the location of the center of pressure.
F = yh A = (62.4)[8 + 4(4 cos 60°)][(4)(5)] =112301b
O@N2 o

ey e (8 4
S Ry (ms 60° 2) ¥ (8Jcos 60 + D@ )]
I e B e :—:—:—?—-:::_—-:_ B\
60°.
; 8ft  p v
r ﬁ : 4 “c.g. P Z.
. v— Zep
| y cos 60° - y
— 5 l't “‘—-I \ c p dy

34

Fig. 3.9



An inclined, circular gate with water on one side is shown in Fig. 3-10. Determine the total resultant force
acting on the gate and the location of the center of pressure.

] F = yh A = (9.79)[1.5 + 3(1.0sin 60°)][(1.0)?/4] = 14.86 kN

_ Ic‘ _ 1.5 1 " ' E(lﬁ)‘!@ =
Y, ﬁnw*‘z(l-“)]*n.s/smwu;(1.0)1&:(1-0)%1

|

2.260m

Fig. 3-10



A vat holding paint (s.g. = 0.80) is 8 m long and 4 m deep and has a trapezoidal cross section 3 m wide at the

bottom and 5 m wide at the top (see Fig. 3-17). Compute (a) the weight of the paint, (b) the force on the
bottom of the vat, and (c) the force on the trapezoidal end panel.

I @ - W= yV =[(0.80)(9.79)][(8)(4)(5 + 3)/2] = 1002 kN
(®) F = yh,A Foouom = [(0.80)(9.79)I(4)[(3)(8)] = 752 kN
(€)  Fana = Fiquare + 2Firiange = [(0-80)(9.79)][(0 + 4)/2][(4)(3)] + (2)[(0-80)(9.79))(5)[(4)(1)/2] = 230 kN

Fig. 3-17

36



A fishpond gate 6 ft wide and 9 ft high is hinged at the top and held closed by water pressure as shown in Fig.
3-16. What horizontal force applied at the bottom of the gate is required to open it?

[ | F=yh A= (62.4)(8 + 4.5)[(6)(9)] =421201b
- e _ ©Oynz |
hep hQ+ﬁwA (8 +4'5)+{B+4.5){(6)(9}] 13.04 ft

>M,=0 (P)(9) — (42120)(13.04 —8)=0 P =235871b

T

=1
-

O
AN

B Fig. 3-16

37



Gate AB in Fig. 3-18 is 5 ft wide, hinged at point A, and restrained by a stop at point B. Compute the force on
the stop and the components of the reaction at A if water depth & is 9 ft.

I F = yh A = (62.4)(9 - 3)[(3)(5)] = 7020 1b
_~L.sin6_ —[(5)3)*/12](sin90°)
S S T V5 1015

> M,=0 (B.)(3) = (7020)(1.5+0.100)=0 B, =37441b
2 E=0 70203744 —A, =0 A, =32761b
If gate weight is neglected, 4, =0,

34

38 stef Fig. 3-18(a) Fig. 3-18(b)



Gate AB in Fig. 3-23a is 16 ft long and 8 ft wide. Neglecting the weight of the gate, compute the water level h
for which the gate will start to fall.

1 F = yh,A = (62.4)(h/2)[(8)(h/sin 60°)] = 288.2h*
_ —I,sin @ _ —[8(h/sin 60°)°/12)(sin 60°) _ _
Yo = A = (h/2)[B(h/sin 607)] 0.1925k

S My=0 (11 000)(16) — (288.2k%)[(h/sin 60°)/2 —0.1925R] =0 A =11Tft

11,000 Ib




Gate AB in Fig. 3-15 is 1.0 m long and 0.9 m wide. Calculate force F on the gate and the position X of its center
of pressure.

] F = yh A = [(0.81)(9.79)][3 + (1 + 1.0/2)(sin 50°)][(0.9)(1.0)] = 29.61 kN
_—lxxsin 6 _ ~[(0.9)(1.0)*/12](sin 50°)
Yo="h A [3+(1+1.0/2)(sin 50°)][(0.9)(1.0)]
= —(.015 m from the centroid

X =1.0/2 4 0.015 = 0.515 m from point A

nm——LLr A~

Qil,
s.9.=0.81

Fig. 3-15

40



Gate AB in Fig. 3-25 is semicircular, hinged at B. What horizontal force P is required at A for equilibrium?
I 4r/(3x) = (4)(4)/(3n) = 1.698 m F = yh A = (9.79)(6 + 4 — 1.698)[n(4)*/2)] = 2043 kN

_ —L,sin 8 —[(0.10976)(4)*|(sin 90°)
Y2=Th A (6+4-1.698)[x(3)/2)]

S Mp=0 (2043)(1.698 — 0.1347) —4P =0 P =798kN

= —0.1347 m

I, =0.10976r"
I =




The tank in Fig. 3-28 is 40 cm wide. Compute the hydrostatic forces on horizontal panels BC and AD. Neglect
atmospheric pressure.

] p=vh Psc = [(0.84)(9.79)](0.35 + 0.40) + (9.79)(0.25) = 8.615 kPa
F=pA Fac = (8.615)[(1.20)(0.40)] = 4.135 kN

Pan=[(0.84)(9.79))(0.40) =3.289kPa ., = (3.289)[(0.55)(0.40)] = 0.724 kN

e
— 55 Cm— 40cm
p o| |k 1 F
—{ |—10cm
35cm
Solvent ,sg=0.84
-
Water 25cm
B 1

42 b 120cm - Fig. 3-28



The vertical plate shown in Fig. 3-40 is submerged in vinegar (s.g. = 0.80). Find the magnitude of the
hydrostatic force on one side and the depth to the center of pressure.

' Fathed  E=[080)0M)]Q+DOMI=0SkN  hy=hy+ 2
a1, OBOYN2 ” =
(A1 =2+3+ 2+ DY~ 6.24 m E; =[(0.80)(9.79)][2 + 3 + 4/2][(2)(4)] =439 kN
= @@z _
(hep)2=[2+3+4/2] + 213+ 4@ =7.19m
F =905 +439 = 1344 kN 1344k, = (905)(6.24) + (439)(7.19) h,=6.55m
g ,Vinegar surface

3m i

2m
7m I
A

1 4
Al

1

43



Find the force exerted by water on one side of the vertical annular disk shown in Fig. 3-47. Also locate the
center of pressure.

I F = yhoeA = (9.79)(3)[(7)(1)* — (w)(i50)"] = 59.05 kN

L= (7)(1)*/4 — (m)(£85)"/4 = 0.6836 m"

ho= bty A3 -y 1

44



45



46



47




/

Ainal) dadig)) andd

— S <

ZAVEY
A Aa yal 2"d. Stage
J Al-Mansour University College L g

Civil Eng. Dept.

— S <

Fluid Mechanics

é‘ 20;2-&3 .
L ec.3
\ /




Ministry of Higher Education and Scientific Researches
Al-Mansour University College
Department of Civil Engineering
CE 205 Fluid Mechanics

Buoyancy & Flotation

Dr Ameer Badr Khudhair




W2=Amount of
water displaced

W1=True weight
of object

weight of object in water (Apparent weight)

Apparent weight of an object = True weight of object in air — upthrust (weight of
water displaced)

Buoyant force = weight of water displaced.



‘ Weight Weight

| Wood _
S
Buoyant .
force F J
3
Buoyant
force

Buoyant force (F,) = weight of water displaced by stone (W) =105 - 67.0=38.01b
W=yV =624V  38.0=62.4V  V =0.609 ft’

_ ¥stone _ / Volumesione _ —/0.609 _
S.G = = = =2.76




— |25 ft ——=

b4 e .

Y 1.251t

F, = Weight of displaced water F,
weight of cube = weight of displaced water

Yeube X volume of cube = Yy,,qter X volume of displaced water

(0.6 X 62.4) X((1.25X 1.25 X 1.25) = 62.4 X (1.25 X1.25 X D)
D = 0.75 ft



Example: A spar in figure below is wood (S5.G. = 0.62), 2x2 in by 10
ft and floats in sea water (S.G. = 1.025). How many pounds of steel
(S.G. = 7.85) should be attached to the bottom to make a buoy

that floats with exactly h = 1.5 ft of the spar exposed?

¥ opar = {iZ)(EHEI(L0) =— O. 2778 fIt™ ¥ onemermea = (I ZMWB.S) — 02361 £

P aveer = W L SI(T.B85W62.4)] = 0. 002041 W _,__, Fe =— Wigcoa + W,
[(1.025)(62. 4A0.2361 + 0. 002041 W_,__)» — [(O.62W62_ IO _ 2778 + Wi MW orces — S5.01 1b

=z [l 3~

u Miieer Fig. 6-12
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