
20S-PHYSICS1B-4 Midterm 1
ZACK HIRSCHHORN

TOTAL POINTS

25.25 / 29.5

QUESTION 1

14 pts

1.1  5 / 5

✓ + 1 pts Used Newtons Second Law for static

equilibrium of the buoy with buoyant force and

weight opposing each other.

✓ + 1 pts Noted that the weight of the buoy has

magnitude $$\rho_w Vg/2$$

✓ + 2 pts Noted that the buoyant force on the buoy is

$$\rho_w V_\mathrm{submerged} g$$

✓ + 1 pts Solved for $$V_\mathrm{submerged}$$ to

obtain $$V/2$$

1.2  7 / 8

✓ + 1 pts Wrote down Newton's Second Law $$F_B -

Mg = M\ddot z$$ (in terms of magnitudes) or $$\vec

F_B + M\vec g = M\vec a$$ (in terms of vectors)

✓ + 2 pts Noticed that when weight is subtracted

from total buoyant force, all that remains is the

change in buoyant force due to the change in

volume from the perturbation

✓ + 1 pts Noticed that after a small perturbation,

volume displaced and therefore buoyant force will

change relative to what it was in static equilibrium.

✓ + 2 pts Used geometry (similar triangles and

difference of cone volumes) to determine the

change in volume due to a perturbation is $$-(V/2)[1-

(1-z/h)^3]$$ or something equivalent, OR correctly

wrote down the small-$$z$$ approximation to this

expression with a correct argument about how it was

generated.

   + 1 pts Obtained the small-$$z$$ equation of

motion $$\ddot z = -(3g/h) z$$.

   + 0.5 pts Obtained partially-correct (incorrect sign)

small-$$z$$ equation of motion $$\ddot z = (3g/h)

z$$.

✓ + 1 pts Correctly deduced angular frequency based

on equation of motion written.  (Answer just needs to

be consistent with equation of motion, but note that

correct answer is $$\sqrt{3g/h}$$.

1.3  0.75 / 1

✓ + 0.25 pts Equated $$\omega$$ expression from

1.2 to $$2\pi/T$$, then solved for $$h$$.

✓ + 0.5 pts Used $$T = 1\,\mathrm s$$

   + 0.25 pts Obtained $$h\approx 0.74\,\mathrm m$$

   + 0 pts none of the above

QUESTION 2

8.5 pts

2.1  3 / 3

✓ + 3 pts Argument is air-tight.

   + 2.5 pts Argument is essentially correct with one or

two errors.

   + 2 pts Reasonable attempt but a few serious flaws

in argument.

   + 1 pts Something written but mostly incorrect.

   + 0 pts Nothing correct.

2.2  4 / 4

✓ + 1 pts Noted that for static equilibrium of the

block, tension up the ramp and weight pulling down

along the ramp need to sum to zero.

✓ + 1 pts Found that component of weight pulling

down the ramp has magnitude $$Mgh/\ell$$.

✓ + 0.5 pts Used the relation between wave speed,

tension, and mass density $$v = \sqrt{F_T/\mu}$$

✓ + 0.5 pts Used (or derived) the expression for the

frequency of the $$n^\mathrm{th}$$ harmonic $$f_n

= nv/(2\ell)$$



✓ + 1 pts Combined all of these steps together to

obtain $$f_n = \frac{n}{2\ell}\sqrt{Mgh/m}$$

   - 0.5 pts No work shown for tension solution

   - 0.5 pts Did not simplify linear mass density into

givens

   - 0.5 pts Incorrect trigonometry

2.3  1.5 / 1.5

✓ + 1 pts Used answer from before and/or similar

argumentation to find the following expression for

the linear mass density: $$\mu =

Mghn^2/(4\ell^3f_n^2)$$

✓ + 0.5 pts Plugged in values and correctly

computed $$\mu \approx 7\times 10^{-

3}\,\mathrm{kg}/\mathrm m = 7\,\mathrm g/\mathrm

m$$

   + 1.125 pts Incorrect answer, but used correct

method based on solution from 2.2

   - 0.1 pts Incorrect units

   - 0.3 pts Math error

   + 0.75 pts Incorrect calculation for mu

QUESTION 3

7 pts

3.1  4 / 6

✓ + 1 pts Correctly wrote down Bernoulli's Principle in

symbolic form as applied comparing points 1 and 2

along a streamline.

✓ + 0.5 pts Converted flow rate into speed using

$$Q = Av$$

✓ + 0.5 pts Noted that $$A_1 = \pi(d/2)^2$$ and

$$A_2 = \pi(D/2)^2$$

✓ + 1 pts Noted that only difference in heights of

points 1 and 2 matters (or set one of them to zero)

and plugged in $$H$$ accordingly.

   + 0.5 pts Made an argument as to why the pressure

to the right of the stopper equals $$p_2$$ even after

the screw is opened.

   + 0.5 pts Asserted that the pressure to the right of

the stopper equals $$p_2$$ even after the screw is

opened.

   + 0.5 pts Made an argument as to why the pressure

at the ram equals $$p_2$$ even after the screw is

opened (Pascal's Principle).

   + 0.5 pts Asserted that the pressure at the ram

equals $$p_2$$ even after the screw is opened.

✓ + 1 pts Computed the force on the ram by the fluid

(and thus the force it exerts on the object it's

crushing) by multiplying the pressure in the fluid in

contact with the ram by the ram's area.

3.2  0 / 1

   + 1 pts Plugged in all values and got approximately

right answer $$F_\mathrm{ram} \approx 412\,\mathrm

N$$.

✓ + 0 pts Plugged in values did not show

approximately right answer $$F_\mathrm{ram}

\approx 412\,\mathrm N$$.

   + 0.25 pts Found correct solution from incorrect 3.1

formula
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