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Physics 8B — Summer 2016 — Midterm 2

Correct Answers without supporting work or justification will receive NO CREDIT, except Mult. Choice

1. (10 pts)
Using a laser and a semi-circular piece of plastic (radius, R and index of refraction, ny,s) like in lab, you shine a beam of light as
shown. You can consider n,, = 1. The dot shown is the center of the semi-circle. ***REDRAW the sketches in exam book. ***

c) (6 pts) If you raise the beam from b)
up, you eventually reach a height, H,
where the beam no longer emerges
on the other side of the plastic.
Calculate this height.

b) (2 pts) Sketch the path the light takes
as it passes through the plastic and
emerges on the other side

a) (2 pts) Sketch the path the light takes
as it passes through the plastic and
emerges on the other side
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2. (30 pts)

A 2 cm tall candle is placed at x = 22 cm. An unknown optical device (i.e. mirror or lens) is placed at x = 34 cm. You are told that this
device forms an image (with unspecified characteristics) at x = 40 cm.

a) (10 pts) IF the device is a mirror :

i)
ii)
iii)

Is the image real or virtual? Explain.

Find the focal length of the device. State whether it is converging, diverging or plane.

Draw a qualitatively accurate ray-tracing diagram for this arrangement. ***Put arrows on your rays so we know
which way they go.***

b) (10 pts) IF the device is a lens :

i)
ii)
iii)

Is the image real or virtual? Explain.

Find the focal length of the device. State whether it is converging or diverging.

Draw a qualitatively accurate ray-tracing diagram for this arrangement. ***Put arrows on your rays so we know
which way they go.***

For the above arrangement, you add a lens placed at x = 50 cm. The combined system of the unknown device (x=34cm) and added lens
(x=50cm) forms a sharp clear image of the original candle (x=22cm) on a screen at x = 90 cm.

c) (10 pts)

i)

Compared to the original candle, is the final image on screen the same orientation, inverted, or it depends on whether
the unknown device is a mirror/lens. Explain.

ii) Calculate the height (absolute value) of the final image on the screen?
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3. (20 pts)

A satellite radio transmitter with power, P, uses an LC circuit (with inductor, L, and capacitor, C) to generate its signal. The satellite
is at the origin. A space shuttle is located at (x,y) = (d,d).

a) (13 pts) At the location of the shuttle, find the frequency, wavelength, E,,, and B,y of the radio signal.

b) (2 pts) MULT. CHOICE — NO PARTIAL CREDIT

At some instant in time, the magnetic field of the signal at the location of the shuttle is directed ©

INTO the page (-z dir), what is the direction of the electric field at that same instant at the o o

ion?
shuttle location? () (E)

©)

Choices for b)

| *** For this part, just answer based on an oscillating LC circuit, don’t worry about the transmitter *** ' I

c) (5 pts) When the capaciW/B of its max charge, what fraction of the energy is stored in the inductor?
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4. (10 pts)

A long straight vertical wire at x = 0 m has a current I; = 1 A in the +y dir. A second vertical wire at x =3 m has a current [, =4 A in

the —y dir. A small charge (q = -3 C) located at x = 1 m is shot with speed v =2 m/s in the +y direction.

a) (8 pts) What is the force (magnitude and direction) on the small ball? Explain your direction.
b) (2 pts) MULT. CHOICE — NO PARTIAL CREDIT

Xx<0m

In which re-gj'on is there a location that has zero magnetic field?

ii) Om<x<3m
iii) X>3m
iv) Bothx <0Omandx>3m.
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S. (30 pts)

A square loop of side, X, and resistance, R, has the left side I,(t)
passing through the center of a very long solenoid with length, L, ¥
radius, r, and N, turns. (See perspective view and top view).
The solenoid has a current that varies in time as I, (t) = 4 — 2t o€
(Amps) in the direction shown.

|
|
l\P;pecuve View

Top View

**%* ANSWER all questions about directions based on TOP VIEW***

a) (4 pts) Mult. Choice.
i)  What is the direction of the magnetic field in the solenoi =0s?
Up the page, Down the page, Left, Right,(lnto pa;es Out of Page, Zero.
ii)  What is the direction of the magnetic field in the solenoid at t =2 s?
Up the page, Down the page, Left, Right, Into page, Out of Page

b) (5 pts) What is the direction of the induced current in the loop at t = 1s? Explain.

c) (3 pts) What is the direction of the force on the square loop att = 1s? Explain.

d) (18 pts) What is the magnitude of the force on the square loop at t = 1s? (You may assume the loop is massive enough that
the amount it moves is negligible.)
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