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40 μH

22 nF

220 μH 10 mH 22 Ω

40 μH 220 μH 10 mH 22 Ω

Name & CWID

If the circular paths followed by the electron and proton have the same radii, what is the ratio of their

speeds?

y

x

proton electron

� 4. Copper telephone wires were originally designed to carry speech only, using a band of frequencies

from 300 Hz to 3400 Hz through a system called the PSTN (Public Switched Telephone Network). The

ADSL (Asymmetric Digital Subscriber Line) uses frequencies very much higher than this speech band

to carry fast data traffic using frequencies between 25 kHz and 1.1 MHz. To ensure that the higher-

frequency transmissions do not interfere with normal phone electronics, filters like that shown below

must be installed on all lines to separate data and voice signals.

(a) Is the filter below allowing speech (low frequency) or data (high frequency) to the output?

(b) Explain your reasoning for part (a).

(c) Inductors add in series to form an equivalent inductance Leq = L1 + L2 + . . .. Estimate the cutoff

frequency of this filter by considering only the upper set of three inductors and the capacitor. Based on

the explanation above, you should find the cutoff to fall between the voice and data bands . . .

40 μH

22 nF

220 μH 10 mH 22 Ω

40 μH 220 μH 10 mH 22 Ω

� 5. An automobile travels at 88 km/h along a level road. The vertical downward component of the

Earth’s magnetic field is 5.8 × 10−5
T. (a) What is the induced voltage between the right and left door

handles separated by a distance of 1.8 m? (b) Which side is positive, and which side is negative?

� 6. Two inductors L1 and L2 are connected in parallel to a battery. These two inductors act as one

equivalent inductance Leq. To find Leq we first notice that because they are connected in parallel, the
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y

time

y0
2A

A

wavelength λ

T = Period = how long per cycle

T = 1/f     or     f = 1/T

frequency - wavelength - velocity:

λf = v = velocity of wave propagation     
or    vT = λ     …. travel one wavelength per period

simplest wave:
f(x, t) = A sin

(

2πft −
2π

λ
x

)

λ characterizes 
SPATIAL variation

f characterizes 
TIME variation



Characteristics of waves

they have Crests & Troughs 
- intensity varies periodically. “vibration”

Longitudinal Transverse
vibrations  are 

PERPENDICULAR
to propagation

vibrations  are 
PARALLEL

to propagation

string, EM waves sound
time

vibration

propagation

amplitude

propagation

vibration
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