PHYS 2020: College Physics 11
Midterm Number 1, Spring Semester 2008
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DO NOT OPEN THIS EXAM UNTIL YOU ARE TOLD TO START!
Welcome to Midterm 1! Take a deep breath, relax. You know how to do physics - this is simply
covering material you already know how to do.

INSTRUCTIONS:
> You must show your work for full credit!
> Circle your final answers; make sure all your answers have been labeled with units!
> If you have questions, ask!

You may find some of the following formulae useful:

Charge, Forces & Fields

F
Fcou,:k@'i—qﬂ E= Coul:k'q—é’ Eroy = E1 +Ey + ...
r lg2] r
®=FE-A-cos§  (Electric Fluzr) @ = Lenc (Gauss' Law)
€o
Electric Potential
Up = ol el v Ve _plal V=E-d
ol =

A E,
ng 0:603 C:HCO E:7

_ 1 1Q?

U = 5QV = 50V = 2%
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Circuits

AQ _ 3 £
T=3 V=I-R r=0(5)
9 V2
1 1 1
Req:R1+R2+... Req R_1+§2_+
1 1 1
Ceq—01+C2+... C—el]*_c’_l+c_2_+_
Lin = Iy (Junction Rule) E:E AV (Loop Rule)
&
= ( _ ot — _—t/T _ (< —t/7 _
0t =Ce(1=c7) = Q(1-e7) 1) (R)e r=RC

Some useful unit conversions and constants may be:

e=1.60x 107" C | k=899 x 10° N m?/C? | ¢, = 1/(47k) = 8.85 x 107!2 C2/(N m?)

Good luck, and May the Force be with youl!
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1) [30 pts total] TEST CHARGES!

You carry a ¢ = 107 C test charge around in your pocket for exploring electricity you encounter. One
day while leaving physics class, you come across an electric blob with a charge @ = 1.5 C. Pulling out
vour test charge, you probe the blob from 2.7 meters away.

a) [10 pts] What force is felt by your test charge?

‘ (b) 5.0N (c) 1.85 x 109 N (d) 2.0 N

F= k9o _ (5021008 (15790 (1se) _
e (ZFm) 2

= .8SN

b) [5 pts] What electric field does the test charge see?

(a) 1.85 N/C (b) 5.0 x 10° N/C ¢) 1.85 x 10° N/C (d) None

¢) [10 pts] What potential energy does your test charge have?

(a) 1.85J (b) 5.0 J (c) 5.0 x 1072 J (d) 2.0J

U= ke - (5904007 BE) D90 _ 503
(2:Fm)

d) [5 pts] What potential is seen by your test charge?

—
(a) 3.3 J/C (b) 1.85 x 10° J/C (c) 1.3J/C d) 5.0 x 10° J/C >

V=Ve =503 - 5px6?7V = S“Ox'oqzr
q, 10C
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(2) [20 pts total] Consider the arrangement of charges shown below. Draw the electric field diagram
and equipotentials for the charges below if ¢; = ¢» = —¢ and g3 = +2¢. Be sure to indicate where the
potential is negative and where it is positive.

Negakive equipetentrals arvad (2 chormes
Qositire eq/uipohﬂ\)-o"a\s ocovnd &) Chowoes

A eguipstertials () L Yo Efieds (—)
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3) [30 pts total] SPARK PLUGS!

Spark plugs in cars generate sparks that jump across two metal terminals separated
by a small distance; the spark ignites the fuel in the vicinity of the spark plug, and
the small explosion drives the pistons in your car. This is what makes your car ‘go’.
The spark plug in my beloved Yugo has a 0.635 mm gap. An electric field of 3.0 x 10°
V/m is required to ignite the fuel.

a) [10 pts] What potential difference is needed to ignite the fuel?

Polential rs related fo E-fre\d b’%‘
V=Ed = (3:0x10° X Y(0,635%/07m)

= (Ans)

b) [10 pts] What happens to the electric potential across the spark plug if the gap
is 1ncreased? Ezplain. [Assume the electric field remains constant.]

Sire V=E'A -S— E=cConsT then i€ A Tnoreases
W must inereas

i€ 4 dacreases
] st decrtase

c) [10 pts] When your spark plugs go out (the gap size grows as the metal in the plug deteriorates),
the required potential to make a spark changes. If the gap has grown to 1.27 mm, what is the electric
field when 3600 V is applied across the spark plug? Does the plug ignite the fuel?

E“?it\z}\ S N\Alu)\ Yo ?Okd\srl\a\bta

Vagd —» E=Y = 3600V 17506 ¥
& 1123 %107m M

(ans)

will NO rqnide. I'm shanded
cw\ } to scheol to give YoU
He m d‘\-?/r ‘l V)

L
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(4) [30 pts total] You decide that combining your excellent physics education in electricity with your
own entrepreneurial ambitions will be the best way to become independently wealthy. To this end, you
invent a simple hand-warmer for skiing which dissipates energy through a series of resistors, as shown
below.

R1

R3
R

MWW

Here, R} = 122, Ry = 4Q and Rz = 19.5¢).
(a) [10 pts] What is the equivalent resistance of resistors Ry, Ry and R3?
R, B2 anch Ry axe in porallel oot
| :..L.)._._L .—L.—_ ) +) +—]—:0'585

————

Req R, ' 2, 3 na’ 4’ dse T

—
50/ Req = ZibosL
= (Ans)

(b) [10 pts] The battery provides an EMF of £ = 24.0V. If the current through the battery is 2.5 A,
what is the size of the resistor R?

The baNery 5225 a SINGLE Fesistante Lovdha cireuid, Whida s RN
series with Reg, or: Ry =R+ Req = cesishante batlery sees

Using Ohm’ Law

= - R=£ _
VaIRg > £=TRs=L(Rikeg) —> PFRe3=Eo = R=%

Req

H

—
Soyy = 240N 2= 9b-~2.45 T F1.0s2
2.5 A 1 (AWs)

(c) [10 pts] How much power is dissipated by the resistor R?

The Tesishy Seas Yre Savme current as the ba'\-}-br\/, 50 P o wer i

P= I2R = (258 (7.07) '—Es.gw (Ans)

PHYS 2020 — Midterm 1 6



e

(5) [30 pts total] SPOCK-O-TRON 3000

Now that vou have taken PHYS 2020. you can be trusted to use real physics equipment for a variety

of purposes, like heating up your lunch.

Throw out your silly microwave, and consider using a linear particle accelerator to heat your food.
The Spock-o-tron 8000 accelerates protons from rest to v = 2 X 108 m/s. Protons have a mass of
m = 1.673 x 10727 kg.

(a) [15 pts] What is the potential difference V' in the accelerator?
. Ve gV

At one end, (s¥act) Fhe protons howe potential Rrargy
A P other (end) the protoms Nowe AW\ KIreHL srewy KF.:.%“W?_

Cméerv\‘hgw%‘. Vegp = Kes
SOI/%’q"V = _Z!N\‘(L = V= ._\EW\VZ

.
50//v = (\-‘o”r‘&uo'ukg)(z*wh’%\ -[ 4.0 %105V
(reox1d™C) ) (Avs)

(b) [10 pts] It takes 1.3 x 10° J of energy to heat up a piece of lasagne for lunch. If you heat your
piece by putting it at the end of the accelerator and bombarding it with protons, what current I is
required to heat your lunch up in 45 seconds?

The Power rueded is P =4FE - L3053 _ 2890 W
At 4575

Qc-wu(‘ \S \‘Q.\A\"A Yo LUT‘M‘\'MVO\.\_% b‘%s‘ P:IV

—
> s P oo ZBIOW - (g xlo’elﬂ
Vo aaxodV (AnS)

(c) [5 pts] What power must the accelerator sustain to heat your lasagne in the prescribed time?

As noted obove® P:AE{; - L3IwWodd {28"10‘\/\7[ .
e 455 ~ — (.AN.S)
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