Lecture 33
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A steel rod, 5 m long, has a diameter of 4 mm. The wire stretches 3 mm when it bears a load. Young's
modulus for steel is 2.0 x 10 N/m?®. What is the mass of the load ?

Nivaas
F/A = Y.AL/L L\ Mﬁ@‘ - <
{M.g)/(nd*/4) = (2.0 x 10" N/m?) x (3x 10 m)/(5 m) ™
\-!--f:g( 3 ™

{ M x 9.82 m/s%)/[3.14 x (4 x 10> m)*/4] = (2.0 x 10™ N/m?)x{3x 10~ m}/(5 m) \

@%v%m%

M = [3.14 x {4 x 10° m)? /4]x {2.0 x 10* N/m?){3x 10°° m)/(9.82 m/s* x 5 m)

M = 153 kg
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32.0RGANIZE AND PLAN The force causing the stretch is the gravitational force on the 10.0-kg
mass. The stretch can be calculated from Equation 10.1 if we know the Young’s modulus
of copper. We can find the Young’s modulius in Table 10.2.

Krnown: L=105m;d=1.50mm; m=100kg ¥ =11x10° N/m?. 1
SOLVE Calculate the stretch from Equation 10.1; . Q (7&
F_yAL ‘{ @ >\
4 L .
F . mg (10.0 kg)(9.80 mis?) gl
AL=—-]= L= (1.03m)=529x104 m

AY" YT 2(150 mm) {11x10% Njm?)

v




One liter of fluid (1000 ¢cm®) in a flexible container is carried to the bottom of the
sea, where the pressure is 2.6x10™ N/m® . What will be its volume there?
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EXPERIENCE OF PRESSURE IN DALY LUIFE

SOME EXAMPLES
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Static Fluid Pressure

The pressure exerted by a static fhud depends only
upon the depth of the flhud, the density of the flmd,
and the acceleration of gravity.

The pressure in a static fhud arises from the weight of the flud and 15 given by the
EXPTESSION

| | p=m'V = flmd density
Pﬂﬂtlﬁl flnid — ljgh.whgm ¢ = acceleration of gravity
| lh = depth of fluid
The pressure from the weight of a column of houid of area & and height his

atatic fuid pressure does not depend on the
shape, tofal mass, or surface area of the liguid.

wsight _ mig ir?‘..._?;'_:‘g = ;JQh

Fressupg = ——— = —% =
area A

weight = mg

The most remarkable thing about this expression 15 what it does not mclude. The
fhud pressure at a given depth does not depend upon the total mass or total
volume of the iequd. The abowe pressure expression 1s easy to see for the straight,
unobstructed colummn, but not obwious for the cases of different geometry which

are showi,
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44. ORGANIZE AND PLAN The water exerts a force on the bottom of the pool

equal to its pressure times the area of the bottom of the pool. The pressure

can be calculated from Equation 10.4.

Known: h=3.0m;4=(25m)x(15m)=3.8x10* m* F, =Latm; p = 1000 kg/m’.

SOLVE The pressure at the bottom of the pool is:

P =P, + pgh=(latm)}~+ (1000 kg/m* }(9.80 m/s*){3.0m)=1.3x10° Pa

The force is: 2 e
F=P4=(13x10° Pa)(3.8x10° m?)=4.9x107 N

REFLECT At this relatively shallow depth, most of the pressure (and most of
the force) still comes from the atmospheric pressure.



42,

& * /\v@ﬂ, 0D =Y o

ORGANIZE AND PLAN A gauge pressure is the pressure difference from atmospheric
pressure and equals the height of a column of liquid times the density of the hiquid times
g
Known: AP =4 aim; p=1000 kg/m3,
SOLVE The height of the water tower should be: ; Y
' AP = pgh ) (/\ X \‘Q PD\
AP (4 atm)

== =4x10 m
pg (1000 kg/m? ){9.80 m/s*)




* §8. An airtight container baving a lid with negligible mass anc} an

area of 77 em? is partiafly evacuated. If a 480 N force is requlre_d
L{ {X‘?ﬂ I . to pult the lid off the container and the atmosphen.c pressure is
1.0 % 10% Pa, what is the air pressure in the container before it

is opened? ssm

—y Br LR s
\*ﬂ‘ L-V:u E_ - \(\-) = \\P t
Qw: Lxio® Pa 1 B He )

6. The magnitude F' of the force required to pull the Hd off is £ = (p, — p;)A, where p, is the pressure

outside the box, p, is the pressure inside, and A is the area of the lid. Recalling that lN/m2 =1Pa, we
obtain

F 480 N
Py =Ps— — = 1.0x 10°Pa—

. 4
3 Trx 10— oo 0P
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43.0RGANIZE AND PLAN The fractional volume change due to compression forces is given by
Equation 10.2. Since pressure is force per unit area we can use this equation (and the bulk
modulus of steel from Table 10.2) to calculate the required pressure to compress the steel

ball. The pressure at a certain depth is given by Equation 10.4, which we will rewrite to
solve for the depth. '

Known: AV/V =0.015%; P, =1atm; p=1000 kg/m?; B =16 x10° N/m?,

SOLVE The required pressure to compress the steel ball is:

ij_: WB% = (16X 10% N/m?)(~0,015%) = 2.4 x 107 Njin®

The ocean depth with this pressure is: —~
- 70> R
P=F, +pgh e 2N
_P-P, (24x10" Nm?)-(1atm)

h= = =24
pg {1000kg/m*)(9.80 m/s? ) 24k

P=
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47.0RGANIZE AND PLAN The pressure on each piston 1s the air pressure plus the applied force
on that piston divided by the piston area. The pressures on the two pistons are equal when
the system is in equilibrium. Because the pistons are at the same height, the air pressure 18
the same on both pistons.
Known: 4 =050m> 4,=560m F, =2.0 kN
SoLVE The system is in equilibrium when;

F K
032>

This means that the larger piston can support a force:

5.60 m?
oty L Om)(z.OkN)zzsz
4" {0.50m?)
1.€., it can support a mass;
E,  (22kN) _
= 2= ) =2 3%10% kg =
g g (9.80m/s?) * gz 2300 VL&
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