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Q#1 Kinematics

The velocity of aparticleisgiven as
v(t) =10t*x + 5t% (Eq. 1-1)

where|X, 37 are the direction vectors.
A) What isthespeed at t = 27
B) What isthe accelerationat t = 27?
C) What is the average velocity in the x-direction betweent = O and t = 27?

A#H1 Kinematics

The velocity of aparticleisgiven as
v(t) =10t X + 5t%y (Eq. 1-1)

where(X, 9 are the direction vectors.
A) What isthespeed at t = 27?
The speed is the magnitude of the velocity vector.

v(t =2) = 40% + 40y (Eq. 1-2)
t =2)|= ¥40® + 40
M(t=2)=+ 4. 1.3)
= 56.568542494924
B) What isthe accelerationat t = 2?
a(t) = dVT(tt) = 20tX +15t°y (Eq. 1-4)

a(t = 2) = 40x + 60y (Eq. 1-5)




C)
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What is the average velocity in the x-direction betweent =0 and t = 27?

_ MAX Xg =X
V=——=
Attt -t
dx(t) t
v(it)=—-+<% [0 x(t)=fv(t")dt’
=23 ()=[v(t)
10 3;\ 54;\
t) = =t3% + =t
x(t) g L+t

x(t=0)=0x + 0y

x(t:2):%>2+20§/

Dg+209-0 4
= 3 :—)2+10§/—0
2-0 3
\‘/X:%=13.333

(Eq. 1-6)

(Eq. 1-7)

(Eq. 1-8)

(Eq. 1-9)
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Fluid Flow

If water is flowing through a tube that necks down in size determine (A) the velocity and (B) the
pressure of the smaller section if the area of the bigger section is 1 cm2, the area of the smaller
section is 0.5 cm?2, the pressure in the bigger tube is 3 atm, and the velocity of the water flow in
the big tube is 10 m/sec.

Fluid Flow

If water is flowing through atube that necks down in size determine (A) the velocity and (B) the
pressure of the smaller section if the area of the bigger section is 1 cm2, the area of the smaller
section is 0.5 cm?, the pressure in the bigger tube is 3 atm, and the velocity of the water flow in
the big tube is 10 m/sec.

P, =3atm=3[101310° PA P,="?
A = 1cm’ A, =0.5 cm’ (Eq. 2-1)
m

The amount of liquid flowing into or out of the tube per unit time is afunction of the fluid density

p, the velocity, and the cross sectional area of the pipe. Water is usually considered
incompressible, thusit has a constant density:

m k
Pwater = - ‘103% (Eq. 2-2)

==

cm

The amount of fluid entering the tube per unit time has to be equal to the amount leaving the tube,
since the fluid is not being used up or created in the middle. In fact the amount of fluid flowing
past any point must be equal to that flowing past any other point for the same reason.

PAV, =pAY, (Eq. 2-3)
AV, = AV, &
Vy = % (Eq. 2-4)

m
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B) Bernoulli's equation related pressure, velocity and height for afluid, in amanner similar to the
kinetic and gravitational energy of a particle are related:

1 1
P, + Epvl2 +pgy; = P, + 5pV§ +pQY, (Eq. 2-6)

In our case, the height is the same for point 1 and point 2, so those terms cancel out or can be set to
zero height, leaving us with:

T il
P "'Epvl2 =P, +§pV22
L (Eq. 2-7)
P, =P, +§p(V12 _sz)
2
P, =30L0I13M0° PA +1 Ho? k—%%loo - 400) 2
2 m §
=3[101310° PA -15[10° PA (Eq. 2-8)
=1.539010° PA
=1.5192 atm

Q#3 Ramp, Pulley, Two Blocks

Two objects of massesm; and my, are connected by a cable that is wrapped around a pulley asin
Figure 3-1.

N\
0

/

Figure 3-1. System Setup

A) Develop an expression which relates the two masses when the system isin equilibrium for
arbitrary angle of inclination of the plane.

B) If the coefficient of friction between m; and the planeis 1 then what is the maximum mass Mopax
which can be attached to the pulley for the system to stay in equilibrium (not move)?
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A#3 Ramp, Pulley, Two Blocks

Two objects of massesm; and my,, are connected by a cable that is wrapped around apulley asin
Figure 3-1.

N\
0

/

Figure 3-1. System Setup

A) Develop an expression which relates the two masses when the system isin equilibrium for
arbitrary angle of inclination of the plane.

We must assume that the pulley isfrictionless and massless and that the cable is masslessin order
to proceed. Rather than just doing the equilibrium case (no acceleration) we will look at the more
genera case of anon-zero acceleration.
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If thereis no friction for the dliding block, the only forces are the blocks weight due to gravity, the
reaction force from the surface of the ramp (the "normal” force perpendicular to this surface) and
the tension in the cable pulling up the ramp. We can draw the free body diagram in Figure 3-2.
Note how we have decided on directions for our coordinate system as well as the direction of the
resultant accel eration, however these are not drawn on the FBD.

Figure 3-2. Free Body Diagram - No Friction
From the FBD we proceed with Newton's second law:

ziFi = ma
> Fq =ma, (Eq. 3-1)
Zi FYi = rnay

We know that the acceleration, a, isin the x-direction, with no component in the y-direction, so we
get:

ZiFXi 0 T-W,sinB=ma (Eq. 3-2)

Zi Fii U Froma—Wi cos@ =0 (Eq. 3-3)




Selected Problemsin Introductory Physics
© 1998, 1999, J. Beda
Last printed at 1:53 PM on March 8, 2001 Page 7 of 28

For the hanging block we can make a FBD with only two forces, the block's weight and the
tension in the cable.

it

Wo

Figure 3-3. Hanging Block
Zi F,=ma

> i Fa =may (Eq. 3-4)
Zi FYi = may

We know that the acceleration, a, isin the negative y-direction, with no component in the
x-direction, so we get:

ZiFXi 0 0=0 (Eq. 3-5)

YFa 0 T-W,=-ma (Eq. 3-6)
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We also know what the two weights are:
W, =mg
W, = m,g (Eq. 3-7)

Putting Equation 3-7 into Equation 3-6 and Equation 3-2, and combining them to eliminate T, we
get:

T-mgsnB=ma

—T+mg = ma
_________ (Eq. 3-8)
m,g—-mgsin® =ma+m,a
a=gMe_Msn® Eq. 3-9
m, +m, (Eq. 3-9)

For the equilibrium case, as the question asked, the acceleration is zero which will only occur if:

m, =m,sino (Eg. 3-10)

If the coefficient of friction between m; and the planeis 1 then what is the maximum mass Mamax
which can be attached to the pulley for the system to stay in equilibrium (not move)?

If we have friction between the ramp and the dliding block, there is an extra force to add to the
FBD. Thedirection of thisfrictional force will be to oppose the motion of the block. If the block
is moving uphill, the frictional force will be downhill. 1f the block is moving downhill the
frictional force will be uphill. If the block isnot moving, the frictional force will be only aslarge
asis necessary to balance out the other forces. In this case, the frictional force will be holding the
dliding block from dliding up the ramp, so it will be directed downwards.

Thefrictional forceislimited by the magnitude of the perpendicular force between the two surfaces
that are diding, namely:

I:friction < pFnormaJ (Eq- 3'11)

Most of the time, we are only interested in the extreme case, but we must always be careful to
make sure that our frictional forces never cause a stationary object to start moving.

I:max-fri(:tion =H I:normall (Eq- 3'12)
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Figure 3-4. Free Body Diagram - Friction Downhill
From the FBD we proceed with Newton's second law:

ziFi =ma
Zi F =ma, (Eq. 3-13)
Zi FYi = rnay

We know that the acceleration, a, isin the x-direction, with no component in the y-direction, so we
get:

zi in 0 T-W;Sn6 - Fgigion=ma (Eq. 3-14)

Zi in N I:normal _Wl cosf =0 (Eq. 3-15)

We can use Equation 3-15 and Equation 3-12 to get:
I:max-friction: “Fnormal ~ p'Wl cosf (Eq. 3-16)

If we put Equation 3-16 into Equation 3-14 we get:
T-W,;sn0 - uW, cosd =m,a (Eq. 3-16)
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The FBD and resulting equations for the hanging mass remain as we found in Figure 3-3.
Proceeding as before by eliminating T, we eventually get:

m,g— m,a— mgsin 0 —pum,gcosd = m,a (Eq. 3-17)
-m,(sin© + p cos6
a=g m, = H ) (Eq. 3-18)
m +m,

For the equilibrium case, as the question asked, the acceleration is zero which will only occur if:

Moax =My (SN O + P cosB) (Eq. 3-19)

Thisis the maximum value for the hanging mass that will not cause the block to accelerate up the
ramp. If the block is already moving up the ramp, it will continue up the ramp with a constant
speed. If the block is moving up the ramp and the hanging massis less than this value, the block
will slow down and stop. If the hanging mass is|ess than Equation 3- 27 the block will accelerate
back down the ramp after stopping, otherwise it will remain stopped.
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What about the minimum hanging mass? For this we need to consider the system with the
frictional force acting uphill, either because the block is sliding down the hill or because it is
stationary and the unbalanced forces would cause the block to slide downhill if there was no
friction.

F |:frictiOI
’, normal

Figure 3-5. Free Body Diagram - Friction Uphill
From the FBD we proceed with Newton's second law:

ZiFi =ma
> i Fq =ma, (Eq. 3-20)
Zi FYi = rnay

We know that the acceleration, a, isin the x-direction, with no component in the y-direction, so we
get:

Zi Fi O T-WpsinB + Fyigion = M@ (Eq. 3-21)

Zi in O Froma —~W;cos8 =0 (Eq. 3-22)

We can use Equation 3-15 and Equation 3-22 to get:
I:max-friction: “Fnormal = UW1 cos6 (Eq. 3-23)

If we put Equation 3-23 into Equation 3-21 we get:

T-W,;sn8 + uW, cosd =mal (Eq. 3-24)
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The FBD and resulting equations for the hanging mass remain as we found in Figure 3-3.
Proceeding as before by eliminating T, we eventually get:

m,g— m,a— mgsin0 +umgcosd = m,a (Eq. 3-25)
-m,(sin©6 — u cos6
a=g m, = H ) (Eq. 3-26)
m +m

For the equilibrium case, as the question asked, the acceleration is zero which will only occur if:

Myin =My (SN - cosB) (Eq. 3-27)

Thisisthe minimum value for the hanging mass that will not cause the block to accelerate down the
ramp. If the block is already moving down the ramp, it will continue down the ramp with a
constant speed. If the block is moving down the ramp and the hanging massiis greater than this
value, the block will slow down and stop. If the hanging massis greater than Equation 3- 19 the
block will accelerate back up the ramp after stopping, otherwise it will remain stopped.

Q#4 Circuit

A)

B)

Consider the circuit in Figure 4-1:

+
Voui Ry R1 v,

C,
Figure 4-1. Voltage Divider Circuit

Thiscircuit isto be used as avoltage divider. The voltage across R, should be 1/10 of the source
voltage Vs. What value of R, (in terms of R1) will accomplish this? If Ry is 9000 ohms, what is
the value of R,?

If you attach aload with a 1000 ohm impedance to Vqt, what will the output voltage be?




A4
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Circuit
Consider the circuit in Figure 4-1:
R +
V
- Vs
C,

Figure 4-1. Voltage Divider Circuit

Thiscircuit isto be used as avoltage divider. The voltage across R, should be 1/10 of the source
voltage Vs. What value of Ry (in terms of Ry) will accomplish this? If Ry is 9000 ohms, what is
the value of R,?

If we perform a counter-clockwise loop around the circuit, the loop rule gives us:

__ Vs
| = R1+ (Eq. 4-2)
One of our conditionsisthat:
1
V, =Ve— -
2 s10 (Eg. 4-3)
Thisgivesus:
1 V 1
V,=IR =Vs— 0O > =Vs— ;
» = IR s10 R1+R2R2 s10 (Eq. 4-4)
OR, =R +R,
_1 (Eq. 4-5)
R, =3 R,

1
Rzzﬁa , R=9000Q 0 R,=1000¢Q (Eq. 4-6)
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B) If you attach aload with a 1000 ohm impedance to Vg, what will the output voltage be?

W—

+
Rz Rl —_—l

R |
load ] Vs

Figure 4-2. Voltage Divider Circuit With Load
We now have aparallel combination between R, and R o4 With atotal resistance of:

1 1 1
—_— 4
Ret R Roa
+
- VS
Figure 4-3. Equivalent Circuit With Load
Ref - RZ Road
, = ==
RZ + |:ioad
This gives a current through Ry or Ryt Of:
__ Vs
R+ Rer

The electric potential across R is equal to the output voltage:

Vou = [Rege = Vgt —

R+ Ren
Putting some numbers into this:
R =9000 Q
R, =1000 Q
Rag =1000 Q
Re =500 Q
Vo = V39_55 = V¢(0.0526315)

(Eq. 4-6)

(Eq. 4-7)

(Eq. 4-8)

(Eq. 4-9)

(Eq. 4-10)
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Q#5 Bar In Static Equilibrium

In Figure 5-1 the bar is held at a pivot point on the left and a vertical cable on theright. The bar
has uniform density p, length L, and a cross-sectional area A.

Cable with tensionTl

Pivot point \

Figure 5-1. Bar In Static Equilibrium
A) What isthe tension, T, in the cable?
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A#S Bar In Static Equilibrium

In Figure 5-1 the bar is held at a pivot point on the left and a vertical cable on theright. The bar
has uniform density p, length L, and a cross-sectional area A.

Cable with tensionTl

Pivot point \

Figure 5-1. Bar In Static Equilibrium
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What isthe tension, T, in the cable?

If we assume that the tension T is vertical, we can put together afree body diagram for this torque
problem. Since we do not know the directions of the forces due to the pivot, we will choose that
point about which to calculate our torques. Again we have to define adirection for our coordinate
system, in this case positive is clockwise.

T A

Pivot poini

Figure5-2. FBD for Torques

Aswith alinear force/acceleration problem we write down the rotational equivalent to Newton's
Laws:

> T =la (Eq. 5-1)
Since thisis a static problem, the angular acceleration is zero and we have:
L
WE -TL=0 (Eq. 5-2)
The weight of the bar is afunction of its volume and density:
W=pV =pLA (Eg. 5-3)

Giving usthefina result of:

LA
T= pT (Eq. 5-4)




Q#6

A)
B)
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Block Dropped on Spring

A block of mass misdropped from a height of Hy onto a spring with spring constant k and
unstretched length L.

Figure 6-1. Block on Spring
What is the maximum compression Axp of the spring?

If L = Hg, what is the maximum compression Axg of the spring?
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AHG Block Dropped on Spring

A block of mass misdropped from a height of Hy onto a spring with spring constant k and
unstretched length L.

Figure 6-1. Block on Spring

A) What is the maximum compression Axp of the spring?

The energy of this system is made up of the kinetic energy of the block, the gravitational potential
of the weight, and the potential energy of the compressed spring. No energy was added to or lost
from the system in this situation, since the system did not do any work on anything outside the
system and there were no internal losses of energy.

E + Eyged = Ef T BEiog
PE, +PE, +KE, = PE,, +PE,, +KE,

(Eq. 6-1)

The block is motionless at the top and the bottom, so the kinetic energy is zero. We have to define
azero value for the gravitational potential energy, which I will take to be zero at the bottom of the

spring.

PE, =mgh
PE, =mgH, (Eq. 6-2)
PE,, =mg(L - Ax)

The energy stored in the spring isinitially zero and when compressed it is:

PE_=0
Eqg. 6-3
PE,, =%k(Ax)2 (Fa.6-3)
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Putting Equation 6-1, Equation 6-2, and Equation 6-3 together gives us:

mgH, = mg(L — Ax) +%k(A><)2 (Eq. 6-4)

%k(AX)2 - mgAx+mg(L ~H,)=0 (Eg. 6-5)

We solve Equation 6-5 viathe binomia formula:

_ —b++b?-4ac
X =

o (Eq. 6-6)
2 2
+./m°g” - 2kmg(L - H,
Ax = 289 Jmg ” mg ) (Eq. 6-7)

One of the two solutions given by Equation 6-7 corresponds to the spring being extended rather
than compressed, the solution we are looking for is:

_mg+ \/ngz - 2kmg(L - H,)

AX c (Eq. 6-8)
If L = Hg, what is the maximum compression Axg of the spring?
Taking Equation 6-8 and setting If L = Hg givesus:
2
Ax = ng (Eq. 6-7)

Note that thisis twice the compression that would result from gently placing the block onto the
spring - the position where the net force on the block would be zero.
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Q#7 Vectors

Consider the following four vectors:

Figure 7-1. Four Vectors
A =6m, 60° clockwisefrom  x-axis
B =5m, 45°clockwisefrom y-axis
C=4m, 30°clockwisefrom - Xx-axis
D =5m, 60°clockwisefrom -y-axis

(Eq. 7-1)

Cal their sumthevectorE = A + B + C + D.
A) What are the x and y components of E?
B) What angle does E make with the x-axis?
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A#H/ Vectors

Consider the following four vectors:

Figure 7-1. Four Vectors
A =6m, 60° clockwisefrom  x-axis
B =5m, 45°clockwisefrom y-axis
C=4m, 30°clockwisefrom - Xx-axis
D =5m, 60°clockwisefrom -y-axis

(Eq. 7-1)

Call theirsumthevectorE = A + B + C + D.
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What are the x and y components of E?

Trigonometry gives us the components of the vectors. A, = Acost, Ay = Asind for example.
A =(3000 5.196)m
=(-354 354)m

(-3.46 -2.00)m (Bq. 72
(2.50 -4.33)m

The sum of the vectorsin Equation 7-2 is.

E=(-14996 2.40155)m

B
C
D

(Eq. 7-3)
What angle does E make with the x-axis?
Ey
tan6 = — (Eq. 7-4)
EX
tan® = 2.40155 =-1.60146 [0 6 =-58018°
—-1.4996
(Eg. 7-5)
0 = 58.018° counter - clockwise from — X - axis
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v

Figure 7-2. Vector Sum
Q#8 Standing Wave

Consider astanding wave on a 1 meter long wire rigidly at both ends. The tensionin thewireis
1000 N and its mass per unit length is 0.1 kg/m.

A) What is the wave number and angular frequency of the second harmonic vibration of the wire?

B) Write the displacement of the wire from it's equilibrium position as a function of the distance along
the wire and time.

C) How many nodes exist for this vibration?

A#8 Standing Wave

Consider astanding wave on a 1 meter long wire rigidly at both ends. The tension in thewireis
1000 N and its mass per unit length is 0.1 kg/m.



A)

Last printed at 1:53 PM on March 8, 2001

Selected Problemsin Introductory Physics

© 1998, 1999, J. Beda
Page 25 of 28

Fundamental

1st Harmonic

2nd Harmonic

-4

L

P

Figure 8-1. First Two Wavelengths
What is the wave number and angular frequency of the second harmonic vibration of the wire?
The speed of awave traveling on astring is:

® _ [Fres
=\ === Tension
v=n =L ‘/

H

The angular frequency w, isrelated to the period T and the frequency f by:

T 2n

1 o

The wavelength A is related to the wave number k by the relation:

If we put these together we get:

Kk

_ow
A

W = 2TV = 21T

2T
A

2
I:Tension _ 4T[ JFTension

nooA n

(Eq. 8-1)

(Eq. 8-2)

(Eq. 8-3)

(Eq. 8-4)
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The wavelength of the 2nd harmonic, as can be seen in Figure 8-1 is the length of the string. So

since we were given:

Froon = 1000 N

uzaﬂg
m

L=1m
A=L=1m

From the above we have:

k :Z—H = 6.2832i
A m

2
=20 ‘/FTG"S'O” = 3047.84"% = 3947 84 Hz
A K Sec

(Eq. 8-5)

(Eq. 8-6)

(Eg. 8-7)

B) Write the displacement of the wire from it's equilibrium position as a function of the distance along

the wire and time.

A standing wave consists of two waves, one going in each direction. The two waves would have

displacement expressions such as:

y+x direction: A+ Sin (kX - (*)t)
y—x direction — A— Sin (kX+ (’ot)

(Eg. 8-8)

We can add these two together and combine them using the trigonometric addition rulesto arrive at:

ystanding =Bsin (kX) COS((JL)t)

(Eq. 8-9)

In Equation 8-9, B isthe amplitude of the wave, the height of the highest points, halfway between

adjacent nodes.
C) How many nodes exist for this vibration?

Asin Figure 8-1, the first harmonic has two nodes, the second harmonic has three, with each

higher harmonic having one more node.

Q#9 Electrostatics

What is the energy in electron volts (€V) required to move a 10-16 C charge from a distance of
10-3 cm to adistance of 104 cm from the surface of a charged sphere. The charge on the sphere

is 10-12 C/cm?2 and the radius of the sphereis 102 cm?
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A#HO Electr ostatics

What is the energy in electron volts (V) required to move a 10-16 C charge from a distance of
10-3 cm to adistance of 10-4 cm from the surface of a charged sphere. The charge on the sphere
is10-12 C/cm? and the radius of the sphereis 102 cm?

First off we need to put everything into units that we can work with. Note that the initial and final
positions of the moving charge are given from the surface of the sphere, not from the center, thus
we have to convert them.

Rpnee =1072cmM =10""m

r,=102cm+10"°cm =1100"m (Eq. 9-1)
ry =102cm+10"*cm =101010"*m

q=10"°C=625¢€ (Eq. 9-2)
We need to find the charge on the sphere by multiplying the surface charge density by the surface
area.
C C
—10-12 — 1n0-8
e
_ 2
Asphere - 4T[F‘)sphere (Eq. 9-3)
QsPhere = Ogphere ASphere =1256610°C=7854¢

We want to find the electric potential difference between theinitial and final points. We know it
will be positive since the sphere has a net positive charge.

ke =9x10° Y0 (Eq. 9-4)
C
Q_, Q_, 21 1t
AV =k, — -k, = =k, QF——-—0 Eqg. 9-5
s I O i (Fq- 95
PN

AV =9.16210"° —
C (Eq. 9-6)

=0.1621073° Vv

The energy required to move the charge will be equal to the charge's change in e ectric potential
energy, which we can find by multiplying the electric potential difference between the two points
by the value of the charge being moved.

(€. 97)
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U =5.726€eV
Eqg. 9-8
=9.1610107%° J (Ea.9-8)

Q#10 Gasand Pressure

A)

B)
C)

Two cylindrical containers of lengths L, > L, are separated by avalve. The containers have the
same radiusr and both have atemperature of 25°C.

If container 1 isat pressure P, and container P, is evacuated what will be the pressure in both
containers after the valve is opened?

If the temperature israised 300°C what is the final pressure in the system?

What is the force on the walls of the containers (assume there is a vacuum outside of the cylinders
and neglect any effects of the valve)?

A#10 Gasand Pressure

A)

Two cylindrical containers of lengthsL, > L, are separated by avalve. The containers have the
same radiusr and both have atemperature of 25°C.

If container 1 isat pressure P; and container P» is evacuated what will be the pressure in both
containers after the valve is opened?

The volume of each cylinder is given by:
V, =L,

V, =1rL,

(Eg. 10-1)

The pressure, volume and temperature are all related to the number of particles of gasin the system
and the gas constant R.

PV =nRT

g = nR= constant (Eq. 10-2)

The temperature must be measured in Kelvin, from absolute zero. Since there is no work done on
expansion into the larger volume, and there is no change in the thermal energy of the system, the
temperature remains constant.

T =(5+2B315K T, =T,

= 208.15K
V=V, V, =V, +V, (E0-10-9)
P, =P, P, =7




B)

C)

Last printed at 1:53 PM on March 8, 2001

Selected Problemsin Introductory Physics

The relationship between the pressures and volumesis thus:

PV, = PV,

Ps

PV, Pl

PiLy

V. mi(LL)  (LrL)

If the temperature is raised 300°C what isthe final pressure in the system?

T, = (25 + 273.15) K T = (300 + 273.15) K
=298.15K =573.15K
V. =V, Vi =V, +V,
P=P P, =7
The relationship between the pressures, temperatures, and volumes is thus:
PiVi _ Pf Vf
T Ty
_PViTy _ PmiLT, _ RLT
f VT T[rZ(L1+ LZ)Ti (L1+ LZ)Ti
p. = PL, 573.15
" (L, +L,)298.15
= Ll 92235
(Ll + Lz)
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(Eq. 10-4)

(Eg. 10-5)

(Eq. 10-6)

(Eg. 10-7)

(Eq. 10-8)

(Eg. 10-9)

What is the force on the walls of the containers (assume there is a vacuum outside of the cylinders
and neglect any effects of the valve)?

The force on the wallsis the product of the pressure and the area of the wall.

For theinitial case, the pressureis P; in the first container, and zero in the second container, so the
forces on the walls of the second container are zero. The forces on each end piece and of the
cylinder sides are all outward of magnitude:

F
F

2 each end

leachend —

=m’P,=0 F

>
P, F1 eylinder wall

2 cylinder wall

=2, P,
=2mrL,P, =0

(Eg. 10-10)
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For the case in part (A), we now have only asingle longer cylinder. The forces on each end piece
and of the cylinder sides are all outward of magnitude:

>
P L
F = T[rZP = 173
shend (Lt L) (Eq. 10-11)
Feylinder wail = 2mr(L, + L,) P, =21PL,

For the case in part (D), we still have only asingle longer cylinder, only the pressure is now higher
by afactor of 1.92235. The forces on each end piece and of the cylinder sides are all outward of
magnitude:

2
F. . =m?P, =192235 % b
(Li+ L) (Eq. 10-12)
Foinderwan = 270 (Ly + L) P, =192235210P L,




