5C-F21 Midterm 2 A

CLAIRE HATHAWAY

TOTAL POINTS

28 /35

QUESTION 1
10 pts

11 1/1
v - 0 pts Correct

-1 pts incorrect

1.2 1/1
v - 0 pts Correct: from largest to smallest, **VI, IV, llI
=1, V = 1I*. The given capacitance values are all
_after_ the dielectrics have been slotted in. The
given area is not useful to this problem; if we didn't
know $$C$$ beforehand, then we would use area
and distance to solve for it. However, we're already
given $$C$$, so then we use $$C = Q/V$$ to see
that higher $$C$$ means higher $$Q$$. Thus, the
correct order is putting these capacitors based the
value of $$C$$'s.

-1 pts Incorrect

1.3 0/1
- 0 pts Correct
v -1 pts incorrect
o correct answer is A, bulb 3 gets brighter- resistors
1and 2 are now in parallel; consider the effect this

has on the voltage across 3

14 1/1
v - 0 pts Correct

-1 pts incorrect

15 1/1
v - 0 pts Correct

-1 pts incorrect

16 1/1

v - 0 pts Correct (b)
-1 pts incorrect (a)

-1 pts incorrect (c)

17 1/1

v - 0 pts Correct: B. With lower $$R_{eq}$$ due to
resistors in parallel, there is more current in the
system (from $$V = IR$$). Thus, with $$P = IV$S$,
circuit 2 would dissipate more power overall.

-1 pts Incorrect

18 1/1

v - 0 pts Correct: A. For capacitors in parallel, we
know that the charge on both sets of plates must be
the same $$Q_1=Q_2%$%. Using $$Q = CV$$, we
see that lower $$C$$ corresponds to higher $$V$$.

-1 pts Incorrect

19 1/1

- 0 pts Correct: A. When we put batteries in series,
the total voltage is the sum of their individual
voltages, $$ V_{tot} = V_1+ V_2$$. Batteries in
parallel, however, just produce the same total voltage
across the system ($$V_{tot} = V_{bat}$$). Higher $$
V_{tot}$$ means higher current $$1$$ being drawn
out from the batteries from $$V_{tot} = IR$$. Higher
$$1$$ means higher power $$P = IV$$ being drawn
out of the batteries, and thus circuit A is discharged
faster.

v - 0 pts Incorrect

110 1/1
v - 0 pts Correct: 100 $$\Omega$$ resistor. The
voltage drop across a resistor $$R$$ is $$\Delta
V_R =1R$$. We also know both resistors experience

the same current $$1$$ because they're in series, so



we can directly say $$\Delta V_R \propto R$$, and - 0 pts Reasoning: Bulb 1 breaking causes the loop

therefore $$\Delta V_{100} > \Delta V_{30}$$. containing bulb 1 and 3 to receive no current, and
-1 pts Incorrect thus** bulb 3 would go out **as well (decrease in
brightness).
QUESTION 2 - 1 pts **Bulb 1's brightness decreases*™ because it
25 pts is burned out (given from the problem).
- 1 pts The resulting circuit is just bulbs 2 and 4 in
21 8/8 .
series
v -
0 pts Correct -1 pts Thus, the new $$R_{eq)$$ is greater than
- 1 pts Incorrect use of resistance formulae before

- 1pts Incorrect use of Ohm's law - 1 pts With Bulb 1 and 3 removed from the circuit,

- 1pts Computational error the overall resistance of the circuit increases. From
$$V = IR$S$, the total current that the battery outputs
is decreased.

-1 pts Using $$P = 1"2 R$$, **bulb 4 decreases in

brightness** because the total current decreases.

- 1 pts Incorrect answer

- 3 pts Did not consider equivalent resistance
- 1 pts Incorrect use of resistance formulae

- 1 pts No justification for use of forumulae

-1 pts Incorrect use of resistance formulae ) . .
P . l Y - 1 pts There is no longer a "junction" before bulb 2

for the current to split, i.e. $$I_1=1_2 +1_3%$$
_doesn't_ happen with bulbs 1 and 3 out of the

- 0.5 pts unit error

2.2 10/10
v - 0 pts Correct

picture. Thus, bulb 2 receives "all" of the current, and

has more current than it had before. From $$P = 1"2
- 3 pts Ignored the voltage drop over $$R_4$$ and

R$$, **bulb 2 _increases_ in brightness**.
considered $$R_{123}$$ as if connected directly to

the battery Incorrectly concluded that **bulb 3 stays as a
- 2 pts Ignored that the current splits between part of the circuit*. Bulb 1 burning out effectively
$$R_{13)1$$ and $$R_2%$% creates a disconnection at that spot in the circuit,
- 1 pts Ignored voltage split between $$R_1$$ and thus causing _no_ current to go to that loop of
$$R_3%$ the circuit. To not completely cascade off of that
- 0.5 pts small errors mistake, here is the rubric based on if bulb 3
- 0 pts Correct (mistakes carried over from part a) stays connected somehow:

- 5 pts Only applied $$P = IV$$ (or a variant of it) to

the circuit without calculating the any of the voltage

v -1 pts For concluding bulb 3 stays connected

- 1 pts (Did not mention): **Bulb 1's brightness

or current splits decreases* (completely dim), as it is burned out

- 1 pts Made a significant error calculating the v -1 pts (Did not mention): With bulb 3 still in parallel

current split between $$R_{13)$$ and $$R_2$$ with 2, the overall resistance of the circuit

+ 2 pts Partial credit for calculating current split

_decreases_
$$R_{13)$$ and $SR_2$$ v -1 pts (Did not mention): Overall current in the
system would _increase_ as a result.
23177 v -1 pts (Did not mention): *Bulb 3 gets brighter.**
- 0 pts Completely Correct! From $$1_3 = \Delta V/R_{eq13}$$, which is the
Correctly concluded that **bulb 3 goes out**, but current only on bulb 3's loop of the circuit, we see

did *not** use the fact that: that the current drawn by that section of the circuit is



increased if $$R_{eq13)$$ decreases. More current
and $$P = 1"2 R$$ means brightness in 3 increases.
v -1 pts (Did not mention) **Bulb 4 gets brighter.** By
having the total resistance $$R_{eq}$$ decreased
by removing bulb 1, we know that the total current
increases from $$I = V/R_{eq} $$. Bulb 4 receives
the total current, as the split currents ($$1_1$$ and
$$1_2%$% from $$1 =1_1+1_2%$9$) recombine at the
junction just before it. Thus, from $$ P_4 =112
R_4%$$, we would know that the brightness of 4
increases.

v -1 pts (Did not mention) *Bulb 2 gets dimmer**.
Although the total current increases, the total
current is still split right before bulb 2. We'd rather
use $$P = \Delta V"2 /R$$ in this case rather than
explicitly finding the current for $$P = 12 R$$. To
show that the power decreases mathematically, you
would **i)* Find the new total current $$I1$$, **ii)**
Find $$\Delta V_4 = IR_4%$$ **iii)** Find $$\Delta V_2
=\Delta V_3 = V_{bat} - \Delta V_4$$ **iv)** Find $$
P_2 =\Delta V_2 "2 /R_2%$$. You could stop at step
**i)**; the moment you know that $$\Delta V_4%$$ is
greater than before, you know that $$\Delta V_2$$
would have to decrease. As a result, bulb 2 would be

dimmer.
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Problem 1

(each multiple-choice question has only one correct answer)

(10 poinrts)

P (onsteont Y

1. A parallel plate capacitor is charged and then stays connected to the battery. What happen&, to the
charge on the positive plate if you push the plates closer together?

(a) It decreases.
. TCz ¢, A Te=Q@1
@ It increases. —CT _\./-
1 |
(c) It stays the same.

2. Six parallel-plate capacitors of identical plate separation have different plate areas, different dielectrics
between the plates, and different capacitances. All six capacitors are connected to batteries with the

SAWwe \f same potential-difference. Rank the capacitors on the basis of the charge stored on the positive plate
largest to smallest).
| 1] i v \") Vv
A=8cutf]| [A=1em?) |A=apf? ) [a=2cm? ] [4=4
C =2nF C nF C nF /-4nF Cc nF
7
A=2
Iavacsl' G=8aF | VI
VI> WV > = > il =V
. . <z
3. What happens to the brightness of bulb 3 when you close t\he switch? § P: l— NPijigr
1 how sew€?d g

‘70«\0. el 3
. Seww s
(a) Bulb 3 gets brighter. " W1 us € Y Tie ¥ o
b} )Bulb 3 gets dimmer. vV so 1€55 R 17
M The brightness of bulb 3 does not change. APy h olec |

4. Consider the three circuits shown below with identical resistors and batteries. Which circuit drains

the battery the fastest?
ngaufl d'a‘lh
‘ l I \ l_'\ANJI-:MA_I fastev
i L
L : ©

bl¢ bokn fuit v
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5. You connect a 25  and a 50 Q resistor in parallel to a battery. Which resistor dissipates more power?

—
The 25 Q resistor. Vv \L
wonsronk

(b) The 50 Q resistor. N 3 her |

(c) Both dissipate the same power.

~ @ tonistant

_6.-A parallel plate capacitor is charged with a battery and then ;:lisconnectedi_ H you fll the space between
the plates with a dielectric (K=20) the energy stored in the cap

(a) increases. L E. - Q

decreases. ° :“(Z_ A

(c) stays the same

7. Which of the two circuits shown dissipates more total power?

—~— oy qull{‘l petrter bjc eulh
&3V 100w see fFull vol('ol?-e?
TP\ RrRY 100 W
— i
|
Circuit 1 Circuit 2

(a) Circuit 1 dissipates more power.
dec | wnity

ircuit 2 dissipates more power.
c\<t¢ F

(c) Both circuits dissipate exactly the same power.

& A 10 uF nd a 20 pF capacitor are connected in series to a 12 V battery. Which capacitor has the
% larger voltage between the plates?

The 10 uF capacitor. 1 C= 9'
(b) The 20 uF capacitor. AV

M Both capacitors have exactly the same voltage between the plates.
same T
10 uF 20 F ' o

12 Vv



9. Consider the two circuits shown w1th two identical and fully charged batteries. Which circuit discharges
% the batteries faster?

Circuit A Circuit B
100 : 100
dAAYA NN

I|§v
ﬁl= {l : 9V
oV 9V Lo

(a) Circuit A discharges the batteries faster. <

CC(V‘- use bohn sivmvu Llaneousiy R H'wae
@Circuit B discharges the batteries faster.

S T VIV I XV S

(c) Both circuits discharge the batteries exactly the same. Jewea  owity U Fne Fo rvmm

ocut+ 187

——

. o
10. Consider the circuit shown with two different resistors. Which resistor has the larger voltage drop>
(i.e. potential difference between its ends)?

TN ’ wnte 6w

VWS M answey
: : @ 30 Q
100 -~ has
\m(acv vowucje Vv consrant |
dvop i'L
N= k']
(a) It incregsés.
(b) It decreases. V =100- | & b"fyjcv
It stays the same. V= 30-|
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Problem2 (25 points)

The circuit shown below consists of 2 9 V battery and four light bulbs R;=Rs=R3=R4=300 £,
=

J_.
1 ; %2 %4
Vgl

(a) Calculate the total current provided by the battery /8 points]

Rig = 300 L +300-% ~ 600
13 z
4
N R L -
. S —_ = ((000\) +(§m) = 0.005 —>» El3’)_ = 200 SN
157 % 2(51

\3245 Req = 200 + 300 = 500

1= X . qv
== — =[o.013A
500 0 '

(b) Calculate the electric power dissipated in R3.  [10 points]

1324: R=5004+, 1=0.013A, Y=qQVv V= I'r

3.6 = (0.018) (200)
5.4° (0.018)(300)

132 R= 200, 1200134 V=36V
TIR=300a,1- 00138  v= 54
|=—;- 0.00= 2:©

13: R =600 | 1=0.006 | yz3.(V beo
3.6
* R= 300 n. z - 001z = —
Z 300 1= 0,612 , v=3.V 300
‘;R=300JL|):0,00(‘,. vz 1.8V V2i-R
3: Rz 300 N 110,606 , vz 1.8 V 1.3 = [6-006) 300

[

3 = 1'V = (0.006)(1-8) = [0.0103 W

(continued on next page)
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(c) What happens to the brightness of each bulb if bulb 1 burns out (i.e. the filament breaks)? Explain
your answer.  [7 points]

%n;’ 32 = 190 - 432%? Req= 450 -
+ P=1Vv

4: 300N, 0.00A, 6V P02 W
fotal | = g.07 A 39

v
3. 300 | 0.00A » 3v P,z 0.0 W
2. 300 1 ©.01A . 2V

Wt vuyp 1: P4s=0.0971 ‘ P3 = O.CHOS' F.L: 0.04%2

16 bulb | buins out bulb 4 and 3 will ‘J“’ clivavney  apyq
bulb 2 will 3{& bviﬂmtcv.

Bulb 3 % 4 wee ' SEVIES with bulb | and by losing it
fhe [Req ctweases so usrna Pz 1R we Kviow Haat i R

deweases, S0 dACEs P whvc  lowers b»iﬁhhne:s,

Bvib 2 was parall€ét to | 33 pur now woviel onty be ,
v
paraliel o 3 S0 e Req decienses ant witih P= &

we lknow Mat oiecw(’,oufncj R ineveuses P whnith

inaeases bV\'cJVlhntss )

1504 0.01A, 2V % 0.03 W witheuk

Pﬂulb 1




