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Q#1 Kinematics

The velocity of a particle is given as

v t( ) = 10t 2 ˆ x + 5t3 ˆ y (Eq. 1-1)

where ˆ x , ˆ y  are the direction vectors.

A) What is the speed at t = 2?

B) What is the acceleration at t = 2?

C) What is the average velocity in the x-direction between t = 0 and t = 2?

A#1 Kinematics

The velocity of a particle is given as

v t( ) = 10t 2 ˆ x + 5t3 ˆ y (Eq. 1-1)

where ˆ x , ˆ y  are the direction vectors.

A) What is the speed at t = 2?

The speed is the magnitude of the velocity vector.

v t = 2( ) = 40 ˆ x + 40 ˆ y (Eq. 1-2)

v t = 2( ) = 402 + 402

= 56.568542494924
(Eq. 1-3)

B) What is the acceleration at t = 2?

a t( ) = dv t( )
dt

= 20tˆ x + 15t2 ˆ y (Eq. 1-4)

a t = 2( ) = 40 ˆ x + 60 ˆ y (Eq. 1-5)
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C) What is the average velocity in the x-direction between t = 0 and t = 2?

v = ∆x
∆t

=
x f − xi

t f − ti

(Eq. 1-6)

v t( ) = dx t( )
dt

⇒ x t( ) = v ′ t ( )d ′ t 
0

t

∫

x t( ) = 10
3

t3 ˆ x + 5
4

t4 ˆ y 

(Eq. 1-7)

x t = 0( ) = 0 ˆ x + 0 ˆ y 

x t = 2( ) = 80
3

ˆ x + 20 ˆ y 

v =

80

3
ˆ x + 20 ˆ y − 0

2 − 0
= 40

3
ˆ x +10 ˆ y − 0

(Eq. 1-8)

v x = 40
3

= 13.333 (Eq. 1-9)
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Q#2 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 cm2, the pressure in the bigger tube is 3 atm, and the velocity of the water flow in
the big tube is 10 m/sec.

A#2 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 cm2, the pressure in the bigger tube is 3 atm, and the velocity of the water flow in
the big tube is 10 m/sec.

P1 = 3 atm = 3⋅1.013 ⋅105 PA P2 = ?

A1 = 1 cm3 A2 = 0.5 cm3

v1 = 10
m
s

v2 = ?

(Eq. 2-1)

A) The amount of liquid flowing into or out of the tube per unit time is a function of the fluid density
ρ, the velocity, and the cross sectional area of the pipe.  Water is usually considered
incompressible, thus it has a constant density:

ρwater = 1
gm
cm3 = 103 kg

m3 (Eq. 2-2)

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.

ρA1v1 = ρA2 v2

A1v1 = A2v2
(Eq. 2-3)

v2 = A1v1

A2

(Eq. 2-4)

v2 = 20
m
s

(Eq. 2-5)
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B) Bernoulli's equation related pressure, velocity and height for a fluid, in a manner similar to the
kinetic and gravitational energy of a particle are related:

P1 + 1
2

ρv1
2 + ρgy1 = P2 + 1

2
ρv2

2 + ρgy2 (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:

P1 + 1

2
ρv1

2 = P2 + 1

2
ρv2

2

P2 = P1 + 1
2

ρ v1
2 − v2

2( )
(Eq. 2-7)

P2 = 3 ⋅1.013 ⋅105 PA + 1

2
103 kg

m3
 
 
  

 
 100 − 400( ) m2

s2

= 3 ⋅1.013 ⋅105 PA −1.5⋅105 PA

= 1.539 ⋅105 PA

= 1.5192 atm

(Eq. 2-8)

Q#3 Ramp, Pulley, Two Blocks

Two objects of masses m1 and m2, are connected by a cable that is wrapped around a pulley as in
Figure 3-1.

1 2

θ

Figure 3-1.  System Setup

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

B) If the coefficient of friction between m1 and the plane is µ then what is the maximum mass m2max
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 masses m1 and m2, are connected by a cable that is wrapped around a pulley as in
Figure 3-1.

1 2

θ

Figure 3-1.  System Setup

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

We must assume that the pulley is frictionless and massless and that the cable is massless in order
to proceed.  Rather than just doing the equilibrium case (no acceleration) we will look at the more
general case of a non-zero acceleration.
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If there is no friction for the sliding 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 acceleration, however these are not drawn on the FBD.

W1

T

Fnormal

θ
a

θ

x
y

Figure 3-2.  Free Body Diagram - No Friction

From the FBD we proceed with Newton's second law:

F ii∑ = ma

Fx ii∑ = max

Fy ii∑ = may

(Eq. 3-1)

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

Fx ii∑ ⇒ T − W1 sin θ = m1a (Eq. 3-2)

Fx ii∑ ⇒ Fnormal − W1 cosθ = 0 (Eq. 3-3)
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For the hanging block we can make a FBD with only two forces, the block's weight and the
tension in the cable.

W2

T

a

x

y

Figure 3-3.  Hanging Block

F ii∑ = ma

Fx ii∑ = max

Fy ii∑ = may

(Eq. 3-4)

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

Fx ii∑ ⇒ 0 = 0 (Eq. 3-5)

Fx ii∑ ⇒ T − W2 = −m2a (Eq. 3-6)
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We also know what the two weights are:

W1 = m1g

W2 = m2g
(Eq. 3-7)

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

T − m1gsin θ = m1a

−T + m2g = m2 a

— — — — — — — — —

m2g − m1g sin θ = m1a + m2a

(Eq. 3-8)

a = g
m2 − m1 sin θ

m1 + m2

(Eq. 3-9)

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

m2 = m1 sin θ (Eq. 3-10)

B) If the coefficient of friction between m1 and the plane is µ then what is the maximum mass m2max
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 sliding block, there is an extra force to add to the
FBD.  The direction of this frictional force will be to oppose the motion of the block.  If the block
is moving uphill, the frictional force will be downhill.  If the block is moving downhill the
frictional force will be uphill.  If the block is not moving, the frictional force will be only as large
as is necessary to balance out the other forces.  In this case, the frictional force will be holding the
sliding block from sliding up the ramp, so it will be directed downwards.

The frictional force is limited by the magnitude of the perpendicular force between the two surfaces
that are sliding, namely:

Ffriction ≤ µFnormal (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.

Fmax-friction = µFnormal (Eq. 3-12)
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Ffriction

W1

T

Fnormal

θ
a

θ

x
y

Figure 3-4.  Free Body Diagram - Friction Downhill

From the FBD we proceed with Newton's second law:

F ii∑ = ma

Fx ii∑ = max

Fy ii∑ = may

(Eq. 3-13)

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

Fx ii∑ ⇒ T − W1 sin θ − Ffriction = m1a (Eq. 3-14)

Fx ii∑ ⇒ Fnormal − W1 cosθ = 0 (Eq. 3-15)

We can use Equation 3-15 and Equation 3-12 to get:

Fmax-friction = µFnormal = µW1 cosθ (Eq. 3-16)

If we put Equation 3-16 into Equation 3-14 we get:

T − W1 sin θ − µW1 cosθ = m1a (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:

m2g − m2 a − m1gsin θ − µm1g cosθ = m1a (Eq. 3-17)

a = g
m2 − m1 sin θ + µ cosθ( )

m1 + m2

(Eq. 3-18)

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

m2max = m1 sin θ + µ cosθ( ) (Eq. 3-19)

This is 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 mass is less than this value, the block
will slow down and stop.  If the hanging mass is less 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.

Ffriction

W1

T

Fnormal

θ
a

θ

x
y

Figure 3-5.  Free Body Diagram - Friction Uphill

From the FBD we proceed with Newton's second law:

F ii∑ = ma

Fx ii∑ = max

Fy ii∑ = may

(Eq. 3-20)

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

Fx ii∑ ⇒ T − W1 sin θ + Ffriction = m1a (Eq. 3-21)

Fx ii∑ ⇒ Fnormal − W1 cosθ = 0 (Eq. 3-22)

We can use Equation 3-15 and Equation 3-22 to get:

Fmax-friction = µFnormal = µW1 cosθ (Eq. 3-23)

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

T − W1 sin θ + µW1 cosθ = m1a (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:

m2g − m2 a − m1gsin θ + µm1g cosθ = m1a (Eq. 3-25)

a = g
m2 − m1 sin θ − µ cosθ( )

m1 + m2

(Eq. 3-26)

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

m2min = m1 sin θ − µ cosθ( ) (Eq. 3-27)

This is the 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 mass is greater than this
value, the block will slow down and stop.  If the hanging mass is greater than Equation 3- 19 the
block will accelerate back up the ramp after stopping, otherwise it will remain stopped.

Q#4 Circuit

Consider the circuit in Figure 4-1:

-
+

Vs
Vout

R1R2

Figure 4-1.  Voltage Divider Circuit

A) This circuit is to be used as a voltage divider.  The voltage across R2 should be 1/10 of the source
voltage Vs.  What value of R2 (in terms of R1) will accomplish this?  If R1 is 9000 ohms, what is
the value of R2?

B) If you attach a load with a 1000 ohm impedance to Vout, what will the output voltage be?
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A#4 Circuit

Consider the circuit in Figure 4-1:

-
+

Vs
Vout

R1R2

Figure 4-1.  Voltage Divider Circuit

A) This circuit is to be used as a voltage divider.  The voltage across R2 should be 1/10 of the source
voltage VS.  What value of R2 (in terms of R1) will accomplish this?  If R1 is 9000 ohms, what is
the value of R2?

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

VS − IR1 − IR2 = 0 (Eq. 4-1)

I = VS

R1 + R2

(Eq. 4-2)

One of our conditions is that:

V2 = VS
1

10
(Eq. 4-3)

This gives us:

V2 = IR2 = VS
1

10
⇒ VS

R1 + R2

R2 = VS
1

10
(Eq. 4-4)

10 R2 = R1 + R2

R2 = 1
9

R2

(Eq. 4-5)

R2 = 1
11

R1 , R1 = 9000 Ω ⇒ R2 = 1000 Ω (Eq. 4-6)
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B) If you attach a load with a 1000 ohm impedance to Vout, what will the output voltage be?

-
+R1R2 Vs

Rload

Figure 4-2.  Voltage Divider Circuit With Load

We now have a parallel combination between R2 and Rload with a total resistance of:

1
Rleft

= 1
R2

+ 1
Rload

(Eq. 4-6)

-
+R1

Vs
Rleft

Figure 4-3.  Equivalent Circuit With Load

Rleft = R2 Rload

R2 + Rload

(Eq. 4-7)

This gives a current through R1 or Rleft of:

I = VS

R1 + Rleft

(Eq. 4-8)

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

Vout = IRleft = VS
Rleft

R1 + Rleft

(Eq. 4-9)

Putting some numbers into this:

R1 = 9000 Ω
R2 =1000 Ω
Rload = 1000 Ω
Rleft = 500 Ω

Vout = VS
5

95
= VS 0.0526315( )

(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 the right.  The bar
has uniform density ρ, length L, and a cross-sectional area A.

L

Pivot point
Cable with tension T

Figure 5-1.  Bar In Static Equilibrium

A) What is the tension, T, in the cable?
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A#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 the right.  The bar
has uniform density ρ, length L, and a cross-sectional area A.

L

Pivot point
Cable with tension T

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

If we assume that the tension T is vertical, we can put together a free 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 a direction for our coordinate
system, in this case positive is clockwise.

Pivot point

L/2

T

L

W

+

Figure 5-2.  FBD for Torques

As with a linear force/acceleration problem we write down the rotational equivalent to Newton's
Laws:

τ ii∑ = Iα (Eq. 5-1)

Since this is a static problem, the angular acceleration is zero and we have:

W
L
2

− TL = 0 (Eq. 5-2)

The weight of the bar is a function of its volume and density:

W = ρV = ρLA (Eq. 5-3)

Giving us the final result of:

T = ρLA
2

(Eq. 5-4)
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Q#6 Block Dropped on Spring

A block of mass m is dropped from a height of Ho onto a spring with spring constant k and
unstretched length L.

L

Ho
∆x

Figure 6-1.  Block on Spring

A) What is the maximum compression ∆xA of the spring?

B) If L = Ho, what is the maximum compression ∆xB of the spring?
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A#6 Block Dropped on Spring

A block of mass m is dropped from a height of Ho onto a spring with spring constant k and
unstretched length L.

L

Ho
∆x

Figure 6-1.  Block on Spring

A) What is the maximum compression ∆xA 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.

Ei + Eadded = E f + Elost

PEgi
+ PEsi

+ KEi = PEg f
+ PEs f

+ KE f
(Eq. 6-1)

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

PEg = mgh

PEgi
= mgHo

PEg f
= mg L − ∆x( )

(Eq. 6-2)

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

PEsi
= 0

PEs f
= 1

2
k ∆x( )2 (Eq. 6-3)
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Putting Equation 6-1, Equation 6-2, and Equation 6-3 together gives us:

mgHo = mg L − ∆x( ) + 1
2

k ∆x( )2
(Eq. 6-4)

1
2

k ∆x( )2 − mg∆x + mg L − Ho( ) = 0 (Eq. 6-5)

We solve Equation 6-5 via the binomial formula:

x = −b ± b2 − 4ac
2a

(Eq. 6-6)

∆x =
mg ± m2 g2 − 2kmg L − Ho( )

k
(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:

∆x =
mg + m2 g2 − 2kmg L − Ho( )

k
(Eq. 6-8)

B) If L = Ho, what is the maximum compression ∆xB of the spring?

Taking Equation 6-8 and setting If L = Ho gives us:

∆x = 2mg
k

(Eq. 6-7)

Note that this is 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:

y

x

A = 6 m

B = 5 m

C = 4 m

D  = 5 m

60°
45°

30°

30°

Figure 7-1.  Four Vectors

A = 6 m ,  60° clockwise from      x - axis

B = 5 m ,  45° clockwise from      y - axis

C = 4 m ,  30° clockwise from − x - axis

D = 5 m ,  60° clockwise from − y - axis

(Eq. 7-1)

Call their sum the vector E = 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#7 Vectors

Consider the following four vectors:

y

x

A = 6 m

B = 5 m

C = 4 m

D  = 5 m

60°
45°

30°

30°

Figure 7-1.  Four Vectors

A = 6 m ,  60° clockwise from      x - axis

B = 5 m ,  45° clockwise from      y - axis

C = 4 m ,  30° clockwise from − x - axis

D = 5 m ,  60° clockwise from − y - axis

(Eq. 7-1)

Call their sum the vector E = A + B + C + D.
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A) What are the x and y components of E?

Trigonometry gives us the components of the vectors.  Ax = Acosθ, Ay = Asinθ for example.

A = 3.000 5.196( )m

B = −3.54 3.54( )m

C = −3.46 −2.00( ) m

D = 2.50 −4.33( ) m

(Eq. 7-2)

The sum of the vectors in Equation 7-2 is:

E = −1.4996 2.40155( ) m (Eq. 7-3)

B) What angle does E make with the x-axis?

tan θ =
Ey

Ex

(Eq. 7-4)

tan θ = 2.40155
−1.4996

= −1.60146 ⇒ θ = −58.018°

θ = 58.018° counter - clockwise from − x - axis

(Eq. 7-5)
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y

x

A = 6 m

B = 5 m
C = 4 m

D  = 5 m

E

θ

Figure 7-2.  Vector Sum

Q#8 Standing Wave

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

Fundamental
1st Harmonic

2nd Harmonic

Figure 8-1.  First Two Wavelengths

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

The speed of a wave traveling on a string is:

v = fλ = ω
k

= FTension

µ (Eq. 8-1)

The angular frequency ω, is related to the period T and the frequency f by:

f = 1
T

= ω
2π (Eq. 8-2)

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

k = 2π
λ (Eq. 8-3)

If we put these together we get:

ω = 2πkv = 2π 2π
λ

FTension

µ
= 4π 2

λ
FTension

µ (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:

FTension = 1000 N

µ = 0.1
kg

m
L = 1 m

λ = L = 1 m

(Eq. 8-5)

From the above we have:

k = 2π
λ

= 6.2832
1
m

(Eq. 8-6)

ω = 4π2

λ
FTension

µ
= 3947.84

rad
sec

= 3947.84 Hz (Eq. 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 − ωt( )
y−x direction = A− sin kx + ωt( ) (Eq. 8-8)

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

ystanding = Bsin kx( )cos ωt( ) (Eq. 8-9)

In Equation 8-9, B is the amplitude of the wave, the height of the highest points, halfway between
adjacent nodes.

C) How many nodes exist for this vibration?

As in 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 (eV) required to move a 10-16 C charge from a distance of
10-3 cm  to a distance of 10-4 cm from the surface of a charged sphere. The charge on the sphere
is 10-12 C/cm2 and the radius of the sphere is 10-2 cm?
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A#9 Electrostatics

What is the energy in electron volts (eV) required to move a 10-16 C charge from a distance of
10-3 cm  to a distance of 10-4 cm from the surface of a charged sphere. The charge on the sphere
is 10-12 C/cm2 and the radius of the sphere is 10-2 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.

Rsphere = 10−2 cm = 10−4 m

ri = 10−2 cm +10−3 cm = 1.1⋅10−4 m

r f = 10−2 cm +10−4 cm = 1.01⋅10−4 m

(Eq. 9-1)

q = 10−16 C = 625 e (Eq. 9-2)

We need to find the charge on the sphere by multiplying the surface charge density by the surface
area.

σ sphere = 10−12 C

cm2 = 10−8 C

m2

Asphere = 4πRsphere
2

Qsphere = σsphere Asphere = 1.2566 ⋅10−15 C = 7854 e

(Eq. 9-3)

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

ke = 9 ×109 Vm
C

(Eq. 9-4)

∆V = ke
Q
r f

− ke
Q
ri

= keQ
1
r f

− 1
ri

 

 
 

 

 
 (Eq. 9-5)

∆V = 9.162 ⋅10−3 J
C

= 9.162 ⋅10 −3 V
(Eq. 9-6)

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

U = q∆V (Eq. 9-7)
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U = 5.726 eV

= 9.161⋅10−19 J
(Eq. 9-8)

Q#10 Gas and Pressure

Two cylindrical containers of lengths L1 > L2 are separated by a valve.  The containers have the
same radius r and both have a temperature of 25°C.

A) If container 1 is at pressure P1 and container P2 is evacuated what will be the pressure in both
containers after the valve is opened?

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

C) 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 Gas and Pressure

Two cylindrical containers of lengths L1 > L2 are separated by a valve.  The containers have the
same radius r and both have a temperature of 25°C.

A) If container 1 is at pressure P1 and container P2 is evacuated what will be the pressure in both
containers after the valve is opened?

The volume of each cylinder is given by:

V1 = πr 2 L1

V2 = πr 2 L2

(Eq. 10-1)

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

PV = nRT

PV

T
= 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.

Ti = 25 + 273.15( ) K T f = Ti

= 298.15 K

Vi = V1 V f = V1 + V2

Pi = P1 P f = ?

(Eq. 10-3)
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The relationship between the pressures and volumes is thus:

PiVi = Pf V f (Eq. 10-4)

Pf = Pi Vi

V f

= P1πr 2 L1

πr 2 L1 + L2( ) = P1L1

L1 + L2( ) (Eq. 10-5)

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

Ti = 25 + 273.15( ) K T f = 300 + 273.15( ) K

= 298.15 K = 573.15 K

Vi = V1 V f = V1 + V2

Pi = P1 P f = ?

(Eq. 10-6)

The relationship between the pressures, temperatures, and volumes is thus:

PiVi

T i

=
Pf V f

T f

(Eq. 10-7)

Pf =
Pi ViT f

V f Ti

=
P1πr 2 L1T f

πr2 L1 + L2( )Ti

=
P1 L1T f

L1 + L2( )Ti

(Eq. 10-8)

Pf = P1 L1

L1 + L2( )
573.15
298.15

= P1 L1

L1 + L2( )1.92235
(Eq. 10-9)

C) 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 walls is the product of the pressure and the area of the wall.

For the initial case, the pressure is P1 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:

F1 each end = πr2 P1 F1 cylinder wall = 2πrL1 P1

F2  each end = πr 2 P2 = 0 F2 cylinder wall = 2πrL2 P2 = 0
(Eq. 10-10)
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For the case in part (A), we now have only a single longer cylinder.  The forces on each end piece
and of the cylinder sides are all outward of magnitude:

Feach end = πr2 P f = πr 2 P1 L1

L1 + L2( )
Fcylinder wall = 2πr L1 + L2( )Pf = 2πrP1L1

(Eq. 10-11)

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

Feach end = πr2 P f = 1.92235
πr 2 P1L1

L1 + L2( )
Fcylinder wall = 2πr L1 + L2( )Pf = 1.92235 ⋅2πrP1 L1

(Eq. 10-12)


