Polytechnic Tutoring Center Final Review - PH-UY 2023 Spring 2021 Solutions

1. The total capacitance of capacitors in series is given by
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The charge is therefore
Q=CV =6.77(12) = 81.29 nF

Since charge is the same across a series of capacitors, the voltage at 10 nF capacitor is
therefore
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2. The energy from from each pair of particles is the same. So to remove one particle, the
energy is simply 3 times the energy between a pair.
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3. First, we want to fix flow rate.
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Then, using Bernoulli’s equation, we have
1 1 ri\* 1 ri\* dv/dt\*
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P = Py + AP = 189 kPa.

4. The current in a LR system at a given time is given by

10 =5 (e

I(3x107%) = g (1 - 6*8“0‘3)/025) =0.0236 A

The voltage at the resister given current can be computed from Ohm’s law

V = IR =0.0236(8) = 0.189 V



. We can treat this system as a combined capacitor and a combined resistor. The total
capacitance is then

(C+o)t+Cc™) = (% + %)1 = (%) S oy

The resistance is then,
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The time constant is given by

T=RC =6

. Recall the magnetic field magnitude around long straight current carrying wire is given

by

ol
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We can compute the distance from the 3/4 point to each wire given by
ry=3/4 and o =1/4

The region between the two wires experiences opposite direction of magnetic field be-
cause magnetic fields run circularly around the wire. Therefore, the magnitude of the

net field is
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. Simply apply Ampere’s Law as follows

/B -dl = poliy = (47 x 1077)(5 x 1072) = 27 x 107? = 6.28 nHA /m

. The equation for magnetic field at the center of a current carrying ring is
I
B =t
2R
Since the two currents are running in opposite direction, their magnetic fields subtracts.
Therefore, the magnitude of the net magnetic field is
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. The area of the coil is given by Ay = mr? = 2.5 x 10~% m?2. Since the area that is per-
pendicular to magnetic flux is changing due to rotation, we can model the perpendicular
area or the projection as

A(t) = Agcos(wt),  where w is the angular velocity.
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10.

11.

12.

The instantaneous change of the area is computed by taking the derivative
A'(t) = —Agwsin(wt)
Recall formula for induced voltage and formula for magnetic flux

d d
V= th (®) = th (BA(t)) = NBA'(t) = NBAyw cos(wt)
Using Ohm’s Law, we can find the current. Also, we can neglect the sign since we are
only interested in the magnitude of the current.
I V. NBAgwsin(wt)
R R
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To compute the potential difference, We only need to integrate over the z axis since the
x and y directions are unaffected by the field. Using the formula for electric field for
large plane, we obtain

(10 x 1079)(7 = 5)
Edz= | —dz= ~ 11
= / o / 2(8.85 x 10-12) 0V

The speed of the deuteron after the acceleration can be computed from conservation of
energy, where the electric potential energy is converted into kinetic energy.
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Charged particle orbits in magnetic field due to magnetic force acting as a centripetal
force. We can then equating these two forces to find the radius of the orbit

mv2
ma, = = quB.
r

/2vm 2(107)(3.34 x 10-27)
—0.0128
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We can computer number of turns N from dividing length by circumference. i.e.

Hence,

1
27(0.23)
Setting up the equation for magnetic field, we have
B 35 x 1076
B=puNl — [ = = . — 3.09A4

1N~ (4r x 10-7)(9)
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13.

14.

15.

Since they orbiting in perfect circles, we can view one as fixed, and view one particle
orbiting the other with radius equals to diameter of their path, that is 2r. The velocity
of that particle is twice as the velocity on the circle path due to same angular velocity.

k¢*  m(2v)? o w k
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We can view 2¢gv as a loop current around the center of their path. The magnetic field
is therefore

pol — poqu 2 |k
B = — I f—
2r r Hod 8mr3

8.99 x 109
= (47 x 1077 1073)2, | ————_ =2, 10°6T
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Since induced voltage depends on the change in flux. Knowing the electric flux of a
loop, we have

dss
dt

d po|I(t)|  NmRpo
dt 2R 2
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We can isolate the magnitude for the change in current.

ar| - 218] 2(10)
dt

_ _ — 1013200 A
NrRpg  1007(0.05) (47 x 10-7) /s

Potential energy is defined using dot product. Thus
U=pu-B=puBcos =200cos(30) =173 J
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