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Physics 110 Quiz #7, May 29, 2020

Please show all work, thoughts and/or reasoning in order to receive partial credit. The quiz is worth 10
points total.

1 affirm that I have carried out my academic endeavors with full academic honesty.

A cube with an edge length of L = 0.11m and density p, = 2100%Z is

m3

totally submerged in water (p,, = 1000%) and oil (p, = 810%) as P,

shown in the figure. The cube is submerged in water to a depth of d =

0.06m while the rest of the cube is in oil. The cube is suspended by a

taut string and is at rest in the fluids. '
d

a. What is the bouyant force on the cube due to the water and the o0il? 4
—L—

w

The buoyant force is equal to the weight of the displaced fluid. Here we have two fluids displaced.
The total buoyant force is the sum of the buoyant forces from the oil and water.

FB,total = FB,W + FB,o =myg+myg = puwVpg + poVog
Where,

Faw = (10002 x (0.11m x 0.11m x 0.06m) x 9.8%) = 7.12N

Fgo = (81052 x (0.11m x 0.11m x (0.11m — 0.06m)) x 9.8% ) = 4.80N

Thus,
FB,total - FB,W + FB,O - 7.12N + 4.80N - 11.92N

b. What is the tension in the string?

Assuming a standard cartesian coordinate system and applying Newton’s laws of motion in the vertical
direction we have:

Fr — Fyw + Fg totar = ma, =0

The mass of the block is given by the product of the density and the volume.
p=2-m=pV =2100 x (0.11m)* = 2.80kg

Thus,
Fr = Fy — Fgotar = (28kg x 9.8%) — 11.92N = 15.47N



c. Seawolf class nuclear submarines have a hull crush depth of . =
approximately d = 705m. This is the depth at which the outer
hull of the submarine will get crushed by the surrounding seawater T
(P = 102 5%). What is the magnitude of the inward force on a

porthole of radius r = 0.11m at this depth? Hint, air pressure is i _
Pgir = 1.01 X 105%.

The pressure varies linearly with depth.

Pg = Pgir + pswgd

Py =101 x10°" + (10252 x 9.87 x 705m ) = 7.18 x 105
m m N m

The pressure is the force exerted per unit area, so the inward force is:

__ Fin — — 6 N 2 5
Pd = A— d Fin = PdAporthole =7.18x 10 mz X 7T(011m) = 2.7 X10°N
porthole

d. If the interiour of the sumbarine is kept at atmospheric pressure (P,; = 1.01 X 105%), what will be
the net force (magnitude and direcction) on the porthole?

The force exerted on the porthole from the inside (pointing out) is:

F
Pinsup = A"—“t > Fout = Pin subAportnote = 1.01 X 105 x 7(0.11m)? = 3839N

porthole

The net force is the difference between the forces inside and outside of the sub. Assuming that the
positive x-direction is points towards the water from the sub, we have the net force:

Fret = Fout — Fip = 3839N — 2.7 X 10°N = —2.66 X 10°N or 2.66x 10°N pointing from the water
into the sub.

e. When water flows from your kitchen faucet the radius of the stream of water gets narrower the farther
it falls from the faucet. The reason the stream of water changes in radius is most likely due to which of
the following?

1. The flow rate of the water changes as the water falls.
2. The energy of the water decreases as the water falls.
The surrounding air exerts an upward buoyant force on the water.
6 The flow rate of the water is continuous as the water falls
5. None of the above answers are correct.
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