Quiz 1 Bonus Practice PHY 007B, Spring 2026

Model water tower

Jackson constructs a model of a water tower, connecting the bottom of the reservoir to a pipe
that expels the water elsewhere. The water exits at a height (hexit) that is smaller than the height
of the tower (htower). The pressure at the bottom of the reservoir is fixed (Preservoir), and is at least
as large as atmospheric pressure. The pressure at the exit is atmospheric. The pipe has a constant
area (A), and some resistance (R). Jackson can modify the model by changing the heights, the
reservoir pressure, the area, and the resistance.

htower

} hcxit

(a) Which of the following modifications would double the flow rate within the pipe?
O doubling hiower O halving heyit O doubling Preservoir (O halving A & halving R

Using the Energy Density Equation to compare the point at the bottom of the reservoir to the
point where the water exits the pipe, one finds

(Patm - Preservoir) + pg(hexit - htower) =—IR.

Solving for I, one finds
7= (Prcscrvoir - Rutm) + pg(htowcr - hcxit)
= R .

Though all options listed would increase I, only halving R would exactly double it.

(b) Which of the following modifications would increase the speed at which water exits the pipe?

X increasing Aiower |J increasing heyi; X increasing Pregervoir ] increasing A [ increasing R

Increasing the height of the tower or the pressure of the reservoir increases the flow rate by increasing
the amount of energy that AFEy;, must account for; with the increased flow rate, the speed must be
higher as well.

Increasing the area, while keeping the flow rate constant, would decrease the speed. The re-
maining options decrease the flow rate, and so would decrease the speed as well.
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(¢) Suppose Preservoir = Patm. Which of the following is plots could depict the flow rate on the
vertical axis plotted against the exit height on the horizontal axis, with all other parameters held
fixed?

o‘ OVOQ‘ ®}\o‘

Similar to the previous parts, one may recognize that increasing the exit height should decrease
the flow rate: with the fixed resistance, decreasing the change in energy density implies that the
flow rate must go down so the thermal energy change matches. When the exit height is zero, there
is a pressure difference and so there must be some non-zero flow rate. This leaves only the fourth
and fifth options, of which the fifth is correct as the formulas for energy density are all linear in
height.

One can also identify these properties directly from solving for the flow rate as done above,

I = (R'eservoir - Patm) + pg(htower - hexit)
= 7 ,

which is a linear function of heyis With negative slope and non-zero y-intercept.

(d) With Preservoir = 2Patm, Prower = 2Rexit = 20 m, A =1 m?, and R = 10° J-s/m", determine
the speed of the water.

vV = 0.2 m/s

Using Bernoulli’s equation, (Patm — Preservoir) + P9 (hexit — Mtower) = —I R one finds
I = (~10° +1000- 10 - (~10))/(~10%) = 0.2 m® s,

Then, v =1/A = 0.2 m/s.
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Unusual Barometer

An unusual barometer (i.e. device for measuring pressure) is constructed by having a U-shaped
pipe that is open on the left end, and closed on the right end. On the open end, water is exposed to
the pressure of the room it is in. On the closed end, some fixed amount of an ideal gas is stored at a
constant temperature. Recall that the volume of an ideal gas is inversely proportional to pressure,
e.g. doubling the pressure requires the volume to be halved.

The pipe has a constant area. The amount of water, and the amount of air in the closed side,
is the same in the following scenarios:

e Scenario A: When the room is at atmospheric pressure, the water levels are equal, with heq
being the height of the air column on the closed side.

e Scenario B: When the room is at some unknown pressure (Pynknown ), & difference in the height
of the water levels (Ah) is observed.

P unknown

(a) What relationship does Pypknown have with Pagpy?
O Punknown < Patm O Punknown — Iatm ® Punknown > Patm O cannot be determined

In Scenario A, using the energy density equation to compare the pressures at the surface of the
water levels between the left and right sides, one determines that P,y = Pa right- In Scenario B,
the same comparison determines that Puninown = PB right + pgAh. Since the volume of the air on
the right side is smaller in Scenario B, one knows that Pp right > PAa right- Consequently,

Rlnknown - PB,I‘ight + quh > PB,right > PA,right - P‘atnn

so it is definitely larger than atmospheric.

In this case, one’s intuition would also serve them well, the pressure on the open side needs to
be higher to ‘push the water down’.

(b) Suppose, starting with Scenario A, extra water is poured into the left side. Which of the
following would be true when equilibrium is reached:

bJ The left water level is higher than before.
DJ The right water level is higher than before.
[] The water level on the left still matches the water level on the right.

[] The pressure of the air in the closed side is still atmospheric.
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Since more water is added, at least one of the water levels must go up. If only the left water
level went up, then the energy density at the surface of the left water level would increase without
the same increase happening to the right side. If only the right water level went up, then the energy
density of the right water level would increase without the same increase happening to the left side.
Since the energy densities must remain equal, that means that both water levels must go up.

Since the right water level went up, the pressure on the right side is now higher than atmospheric.
In order for the left side to have an equal increase in energy density despity the pressure not rising,
its water level must have risen further. Consequently, the water level on the left will no longer
match the water level on the right.

(c) With heq = Ah =1 m, one may deduce that the volume of the air in the closed side of the
pipe is twice as large in Scenario A as it is in Scenario B.
Use this information to determine Pynknown-

Punknown = 2.1 X105 Pa

Using the Energy Density Equation, one may determine that

Punknown = PB,right + pgAh

Recalling as in part (a) that Pa signt = Patm, with the volume of air halved in Scenario B, the
pressure must be twice as high: Pp iight = 2Patm- S0, plugging in the values

Poninown = 2Patm + 1000 -10 -1 Pa = 2 x 10° + 10* Pa = 2.1 x 10° Pa.
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