21S-PHYSICS1C-1 Alternate Final exam

DARREN ZHANG

TOTAL POINTS

60 /60

QUESTION 1
1Problem 110/10

v + 2 pts (a) Correct Biot-Savart's law

v + 1 pts (a) Correct argument

v + 2 pts (b) Taking cross product correctly
v + 2 pts (b) Correct integration of B

v +1 pts (b) Correct direction

v + 2 pts (c) Correct limits

QUESTION 2
2 Problem 2 10/10
v + 1 pts (a) Seed value
v + 2 pts (b) Correct formula for the magnetic flux
v + 1 pts (b) Correct flux at $$t=0$$
v + 1 pts (c) Correct time-dependent flux
v + 1 pts (c) Correct formula for EMF
v + 1 pts (c) Correct result
v + 2 pts (d) Correct expression for the maximum
voltage

v + 1 pts (d) Correct numerical value

QUESTION 3
3 Problem 3 10/10

v + 1 pts a) correct answer $$\lambda = c/f =
469\textrm{ m)$$

v + 1 pts b) energy per second per area = maximum
average power over total area

v +1pts b) area is $$ 2 \pi R*2 $$

v +1 pts b) final result is $$50 \textrm({
kW}/(2\pi\cdot100”2\textrm{ m}*2) = 0.796 \textrm(
W/m)2$$

v +1ptsc) $$E_0=\sqrt{2\mu_0Ocl}=
\sqrt{2l/\varepsilon_0 c}$$

v + 1 pts c) $$E_{\mathrm{rms})} = E_O0N\sqrt{2}$$

v +1 pts c) correct answer $$E_{\mathrm{rms}} = 17.3

\textrm{ N/C} $$

v + 1 pts d) $$V_{\textrm{rms}} = E_{\textrm{rms)}d$$
where $$d$$ is length of antenna

v + 1 pts d) for 100m, $$V_{\textrm{rms}} = 1.73
\textrm{ V}$$

v +1 pts d) for $$C$$ km, $$V_{\textrm{rms}} =
1.73/(C \cdot 10) \textrm{ V}$$

QUESTION 4
4 Problem 4 10/10

v + 1 pts a) use thin lens equation

v +1pts a) use $$f =f_2%$$ and $$s' = \infty$$
v +1pts a) $$s_2 = 10\textrm{ mm)$$

v + 1 pts b) use thin lens equation

v +1pts b) $$f=f_1$$ and $$s'=d - s_2%$$

v +1 pts b) correct value

v + 1 pts c) reasonable equation

v + 1 pts c) correct equation $$M = (25 \textrm{
cm))s_1/(f_1f_2) $$

v + 1 pts c) correct value

v +1 pts d) image is inverted

QUESTION 5
5 Problem 510/10

v + 1 pts a) strong reflection = constructive
interference

v + 1 pts a) there is a relative phase shift

v + 1 pts a) $$2t = (m+1/2) \lambda$$

v + 1 pts a) $$\lambda = \lambda_0/n_2%$$

v + 1 pts a) $$\lambda_0 = 413 \textrm{ nm}$$
v + 1 pts b) weak reflection = destructive interference
v +1pts b) there is a relative phase shift

v + 1 pts b) $$2t = m \lambda$$

v +1 pts b) $$\lambda = \lambda_0/n_2%$$

v +1 pts b) $$\lambda_0 = 620 \textrm{ nm}$$



QUESTION 6

6 Problem 6 10/10
v +1 pts a) $$\Delta m = 2.80 \cdot 10°{-30} \textrm{
kg)$$
v + 1 pts b) use energy conservation
v +1 pts b) sum of kinetic energies = $$\Delta m
\cdot c"2 $$
v + 1 pts b) numerical value $$2.52 \cdot 10*{-13}
\textrm{ J}$$
v +1pts c) $$K = (\gamma-1)mc"2 $$
v + 1 pts c) solve for $$\gamma = K/mc”2 + 1$$
v +1 pts c) correct numerical values $$\gamma_p =
1.00$$, $$\gamma_e = 2.04%$$ and $$\gamma_n =
\infty$$
v +1 pts d) use that $$\gamma = 1\sqrt{1-v2/c"2}$$
v +1 pts d) solve correctly for $$v = c\sqrt{1-
1\gamma”2}$$
v +1 pts d) correct numerical values $$v_p \approx
0$$, $$v_e \approx 2.61 \cdot 1078 \textrm{ m/s}$$,
$$v_n=c$$
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Academic Integrity - A Bruin’s Code of Conduct:

UCLA is a community of scholars committed to the values of integrity. In this community, all members including
faculty, staff, and students alike are responsible for maintaining the highest standards of academic honesty and
guality of academic work. As a student and member of the UCLA community, you are expected to demonstrate
integrity in all of your academic endeavors. When accusations of academic dishonesty occur, the Office of the
]?ean of Students investigates and adjudicates suspected violations of this student code. Unacceptable behavior
mcflude cheating, fabrication or falsification, plagiarism, multiple submissions without instructor permission,
using unauthorized study aids, facilitating academic misconduct, coercion regarding grading or evaluation of
f:oursework, or collaboration not authorized by the instructor. Please review our campus’ policy on academic
integrity in the UCLA Student Conduct Code: https://deanofstudents.ucla.edu/individual-student-code

If you engage in these types of unacceptable behaviors in our course, then you will receive a zero as your score
for that assignment. If you are caught cheating on an exam, then you will receive a score of zero for the entire
exam. These allegations will be referred to the Office of the Dean of Students and can lead to formal disciplinary
proceedings. Being found responsible for violations of academic integrity can result in disciplinary actions such
as the loss of course credit for an entire term, suspension for several terms, or dismissal from the University. Such
negative marks on your academic record may become a major obstacle to admission to graduate, medical, or
professional school.

We cannot make exceptions to our campus’ policy on academic integrity, and as we hopefully have communicated
effectively here, penalties for violations of this policy are harsh. Please do not believe it if you hear that “everyone
does it”. The truth is, you usually don’t hear about imposed disciplinary actions because they are kept confidential.
So our advice, just don’t do it! Let’s embrace what it means to be a true Bruin and together be committed to the
values of integrity.

By submitting my assignments and exams for grading in this course, I acknowledge
the above-mentioned terms of the UCLA Student Code of Conduct, declare that my
work will be solely my own, and that I will not communicate with anyone other than
the instructor and proctors in any way during the exams.

,/ P '- / = PR ”

Signature Date
Print Name UID



I (10 points) A wire of finite length [ carries a current I as shown below.
a) (3 pts) Show that for points along the +x axis such as point G below, there is no
magnetic field.

b) (5 pts) Find a formula for the magnetic field at point H at (0, y) in the diagram below.
A possibly relevant integral is listed below.
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1Problem 110/10
v + 2 pts (a) Correct Biot-Savart's law
v +1 pts (a) Correct argument
v + 2 pts (b) Taking cross product correctly
v + 2 pts (b) Correct integration of B
v + 1 pts (b) Correct direction
v + 2 pts (c) Correct limits
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IT (10 points):

a) (1 pt) Determine your individual seed value C for subsequent problems in this exam
as follows: C is one plus the absolute value of the difference between the last two

digits of your student ID number. [For example, if your student ID is 0037623, your
seed value willbe C =1+ abs(2—-3)=1+1=2]

My student ID number SID= — E ('

1

My individual seed value C=

A circular coil with diameter  and N loops of wire is the central part of a simple
generator. The axis of rotation of the coil is the x-axis, and it rotates at constant frequency

fn a constant magnetic field B that is parallel to the z-axis, and at time t = 0 the loops of
the coil are in the x — y plane.

b) (3 pts) In terms of the variables above, what is the flux through the coil at time t = 0?

¢) (3 pts) Write down an equation for the induced electromotive force (EMF) from the
coil as a function of time, &(t).

d) (3 pts) If the diameter of the coil is d = C cm (your seed value C calculated above),
the coil consists of N = 200 turns of wire, and the magnetic field strength is 0.500
Tesla, find the revolution frequency fthat generates a maximum voltage of 40.0 v.

9 \/‘, ®@ @ @ @ ® e © ® e

_f M- E AN:- b 7,';» I\\/ L= 4 i Iy
i Il to drq veos

rat £z0)
/

¥ - t ety B - A‘ e
7 P 2
vV

= st g
_‘1‘_M("I)'~ NEAcost = o5

4 L ({ ): _‘\__ti,_ w (-S!A'r(" & J)
3t 7

| P 42 Y NBr d2lxf en(2ndt )= NB=*d*f 5in(2"ié)
c ()~ 3q i) = NExd*w sifwd) = NBm 2 =
A€ 4
C; J:l}(m N"( g CIS‘,
A:O.qu
NBrrdeE
gm‘\)( s 7.

’S: _ LEmox . ol . . ' ,-1: EO.UHZ e E/H¢
N " 200 (05) (n*)(e.09)



2 Problem 2 10/10
v + 1 pts (a) Seed value
v + 2 pts (b) Correct formula for the magnetic flux
v + 1 pts (b) Correct flux at $$t=0$$
v + 1 pts (c) Correct time-dependent flux
v + 1 pts (c) Correct formula for EMF
v +1 pts (c) Correct result
v + 2 pts (d) Correct expression for the maximum voltage

v + 1 pts (d) Correct numerical value
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III (10 points): The maximum average power authorized to AM radio stations in the U.S. is 50
kW. Assume that the EM waves are emitted uniformly in the hemisphere above the horizon

(nothing downward), and that the frequency f of the radio station is 640 kHz. For such a radio
station:

a) (1 pt) What is the wavelength of the radio waves?

b) (3 pts) How much energy per second crosses a 1.0 m? area above the horizon at a
distance 100 m from the broadcasting antenna.

¢) (3 pts) What is the RMS magnitude of the E field at this point? .

d) (3 pts) What are the RMS voltages induced in an antenna above the horizon that is
10.0 cm long at 100 m distance, and at C (seed value) km distance? [Assume that the

charges and currents induced in the antenna do not significantly alter the EM wave
from the AM radio station.]
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3 Problem 3 10/10
v +1 pts a) correct answer $$\lambda = c/f = 469\textrm{ m}$$
v +1 pts b) energy per second per area = maximum average power over total area
v +1pts b) area is $$ 2 \pi R*2 $$
v +1 pts b) final result is $$50 \textrm{ kW}/(2\pi\cdot100*2\textrm{ m}*2) = 0.796 \textrm{ W/m}*2$$
v +1pts c) $$E_O0 = \sgrt{2 \mu_O c I} = \sqrt{2l/\varepsilon_0 c}$$
v + 1 pts c) $$E_{\mathrm{rms})} = E_0/N\sqrt{2}$$
v +1 pts c) correct answer $$E_{\mathrm{rms}} = 17.3 \textrm{ N/C} $$
v + 1 pts d) $$V_{\textrm{rms}} = E_{\textrm{rms}}d$$ where $$d$$ is length of antenna
v + 1 pts d) for 100m, $$V_{\textrm{rms)} = 1.73 \textrm{ V}$$
v + 1 pts d) for $$C$$ km, $$V_{\textrm{rms}} = 1.73/(C \cdot 10) \textrm{ V}$$

Page 1



IV (10 points): A microscope has two lenses: an objective lens with focal length f; = C mm

and an eyepiece with focal length f, = 10.0 mm. The two lenses are separated by distance d =
100 mm. The user focuses her/his eye at infinity.

a) (3 pts) How far is the eyepiece from the image formed by the objective lens?

b) (3 pts) How far is the object to be viewed from the objective lens?

¢) (3 pts) What is the angular magnification of this microscope? Assume the average
value for the near point of the human eye is 25 cm as assumed in the textbook.

d) (1 pt) Does the user see objects upright or inverted?
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4 Problem 4 10/10
v + 1 pts a) use thin lens equation
v +1pts a) use $$f =f_2%$$ and $$s' = \infty$$
v +1pts a) $$s_2 = 10\textrm{ mm}$$
v + 1 pts b) use thin lens equation
v +1pts b) $$f=f_1$$ and $$s'=d - s_2%$$
v +1 pts b) correct value
v + 1 pts c) reasonable equation
v + 1 pts c) correct equation $$M = (25 \textrm{ cm})s_1'/(f_1f_2) $$
v +1 pts c) correct value

v + 1 pts d) image is inverted
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V (10 points): An exceedingly thin glass bubble is blown; the index of refraction is n = 1.55.
There is air inside and outside the bubble. The bubble is 200 nm thick. Assume the range of
visible light is 380-700 nm.

a) (5 pts) What wavelength(s) of visible light will show the strongest reflection from the
near side of the bubble at normal incidence? [Don’t worry about the reflection from
the far opposite side of the bubble.]

b) (5 pts) What wavelength(s) of visible light will show very little reflection from the
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5 Problem 510/10
v + 1 pts a) strong reflection = constructive interference
v + 1 pts a) there is a relative phase shift
v +1pts a) $$2t = (m+1/2) \lambda$$
v +1 pts a) $$\lambda = \lambda_0/n_2%$$
v + 1 pts a) $$\lambda_0 = 413 \textrm{ nm}$$
v + 1 pts b) weak reflection = destructive interference
v +1pts b) there is a relative phase shift
v + 1 pts b) $$2t = m \lambda$$
v + 1 pts b) $$\lambda = \lambda_0/n_2%$$
v +1 pts b) $$\lambda_0 = 620 \textrm{ nm}$$
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VI (10 points): A free neutron is an unstable particle: it decays (in about 15 minutes, on
average) to a proton, an electron, and a neutrino.

The masses are (values changed from the actual ones for testing purposes):
e Neutron m, = 1.6900 x 10727 kg
Proton m, = 1.6863 x 10727 kg
Electronm, = 9 x 1073 kg
The mass m,, of a neutrino, while not zero, is exceedingly small, more than a million
times less that the electron mass. The precise value is actually not yet known.

a) (1 pts) What is the difference in mass Am between one free neutron and the sum of
masses of the particles it decays into?

b) (3 pts) What total kinetic energy is produced by the decay of one neutron?

¢) (3 pts) If the neutron is at rest when it decays, and the kinetic energy is shared equally
by the three particles, what are the gamma factors of the proton, electron, and neutrino
(Vp» Ye: Yo, TeSPECtively)?

d) (3 pts) What are the speeds of the proton, electron, and neutrino (v, ve, Vo,
respectively)?
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6 Problem 6 10/10
v +1 pts a) $$\Delta m = 2.80 \cdot 107{-30} \textrm{ kg}$$
v + 1 pts b) use energy conservation
v + 1 pts b) sum of kinetic energies = $$\Delta m \cdot c"2 $$
v +1 pts b) numerical value $$2.52 \cdot 10°{-13} \textrm{ J}$$
v +1pts c) $$K = (\gamma-1)mc"2 $$
v + 1 pts c) solve for $$\gamma = K/mc"2 + 1$$
v + 1 pts c) correct numerical values $$\gamma_p = 1.00$$, $$\gamma_e = 2.04$$ and $$\gamma_n =
\infty$$
v + 1 pts d) use that $$\gamma = 1\sqrt{1-v*2/c*2}$$
v +1 pts d) solve correctly for $$v = c\sqrt{1-1/\gamma*2}$$
v +1 pts d) correct numerical values $$v_p \approx 0$$, $$v_e \approx 2.61 \cdot 10”8 \textrm{ m/s}$$, $$v_n
=c$$
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