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Homework 1 Solutions
Problem 1.1. Digital Samples

Let’s let A = 1. Since we’re sampling at 40,000 samples per second, each sample approximates 1/40,000 seconds of the original signal. Therefore we should calculate v(t) for values of t at 1/40,000, 2/40,000, 3/40,000, etc. Similarly for part b we should calculate v(t) for values of t at 1/1,000, 2/2,000, 3/4,000, etc.
	(correction: the bars in the graph should be centered over the sample points, but Excel is finicky)
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c) Estimate, very approximately, the minimum sampling rate needed to assure that the output resembles the input.
As an estimated measure, one could choose a sampling rate that would sample the signal at least four times per cycle (at sin(0), sin(π/2), sin(π), sin(3π/2), sin(2π)). 

(Note: other solutions that have different criteria for what it means to “resemble” the output graph are valid as well. Approximate solutions are acceptable.)

We can calculate the number of samples needed such that we can obtain a bar graph that has samples centered at peaks of v(t). 
 [1 / (samples per second)] * 10,000 = π/2 (quarter cycle) => samples per second = 20,000/π = 6366 samples/sec

[image: image3.emf]Minimum Sampling Rate

-1.5

-1

-0.5

0

0.5

1

1.5

1 2 3 4 5 6 7 8

time [1/6366s]

v(t)


Problem 1.2. Charge and Current

a) Find the number of atoms in the sample.

Density ρ = 1022 atoms per cm-3
Volume V = 1mm x 1cm x 1cm = 0.1cm x 1cm x 1cm = 0.1cm3
Number of atoms = ρV = 1022cm-3 x 0.1cm3 = 1021 atoms
b) Find the net charge of the sample.

Net charge = Number of atoms x (% of atoms with an extra electron) x Electron charge

= 1021 x .00001 x (-1.6x1019C) = -0.0016C.

Net charge = -0.0016C
c) Find the current flowing in at a constant rate required to neutralize the sample in 1s.

Since we have an excess of negative charges, we need a flow of positive charges to cancel these out. The problem is asking for the current flowing in. By convention (positive charges flow in the direction of positive current), we need a positive amount of current to neutralize the sample.

I = Δq/Δt = 0.0016C / 1s = 1.6mA = I
d) Find the current flowing out at a constant rate required to neutralize the sample in 1 ps.
We need negative charges leaving in order to neutralize the sample. Since the direction of positive current denotes positive charges moving along that direction, we need a negative amount of current flowing out of the sample. 
I = Δq/Δt = -0.0016C / 1ps = -1.6 x 109A = I
Problem 1.3. Kirchhoff’s Laws and Power:
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1.3 Kirchhof's Laws and Power: Circuit P1.3 is shown below.
a) Use KCL at node C to find Ig; and then Vc.
b) Use KCL at B to find Ig, and then Vg,
¢) Use KVL to find the voltage on the current source
d) Find the power into the voltage source
¢) Find the power into the current source
) Show that the sum of the power for all elements in the circuit is zero.
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a) Use KCL at node C to find IR2 and then VC.
According to KCL, whatever current that flows into one end of a wire must flow out the other. More generally: the net current flowing in or the net current flowing out of a node must sum up to zero. 

Therefore, IS2 + IR2 = 0 => IR2 = -1mA
To determine VC, we need to understand the voltage-current relationship for a resistor. Ohm’s law states that V = IR, where V is the voltage dropped across the resistor, I is the current that flows through it, and R is the resistance. The conventions for determining the direction of I and the sign of V should be remembered as follows:


[image: image5.emf]
Let VAB = VA – VB and VBA = VB - VA
If we define our current through the resistor as I1 then I1 = (VA – VB) / R

If we define our current through the resistor as I2 then I2 = (VB – VA) / R
Direction matters! Just remember: when taking the differences in voltage, the first voltage you choose corresponds to the beginning of the arrow, and the second voltage you choose corresponds to the ending of the arrow.


To calculate VC let’s go back to the previous expression we wrote: IS2 + IR2 = 0
Note that IR2 = (VC – 0V) / R2 => IR2 = VC / R2
Substituting into our original expression, we obtain: IS2 + VC/R2 = 0

We know IS2 and R2 thus we can solve for VC = -2V
b) Use KCL at B to find IR1 and then VB. 
We can apply the same method used in part a to calculate IR1 and VB. 
IR1 + IS2 = 0 => IR1 = -IS2 = -1mA = IR1
IR1 = (VA – VB) / R1
Note: VA = VA – 0V = VS1
Therefore, IR1 = (VS1 – VB) / R1
IR1 + IS2 = 0

(VS1 – VB) / R1 + IS2 = 0
We can solve VB = 6V
c) Use KVL to find the voltage on the current source VS2.
Note that VS2 = VBC = VB - VC
Starting at the ground potential, we can sum the voltage drops as we go around the loop:

(VC – 0V) + (VB – VC) + (VA – VB) + (0V – VA) = 0
VC + VS2 + VA – VB – VA = 0

VS2 = VB – VC = 6V – (-2V) = 8V = VS2
d) Find the power into the voltage source.
When calculating power, it is important to remember the proper conventions in order to ensure your signs are correct. 
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Let VAB = VA – VB and VBA = VB - VA
If we define our current through the shown element as I1, then P = (VA – VB) x I1
If we define our current through the shown element as I2, then P = (VB – VA) x I2

If P > 0, then the element is absorbing power.


If P < 0, then the element is releasing power.

To calculate the power on the voltage source, consider the current flowing through it and the voltage drop across it. Following the conventions outlined above, we obtain:
P = VI = (VA – 0V) x IS1 = (5V)(1mA) = 5mW = P
(Since P is positive, the voltage source is absorbing power; therefore, the power flowing into the voltage source is +5mW)

e) Find the power into the current source.
We can apply the same method in part d here:

P = VI = (VC – VB) x IS2 = (-2V – 6V)(1mA) = -8mW = P
f) Show that the sum of the power for all elements in the circuit is zero.
All we need to do is calculate the power for the resistors.
For R1, P = (VA – VB) IR1 = (5V – 6V)(-1mA) = 1mW = P
For R2, P = (VC – 0V) IR2 = (-2V – 0V)(-1mA) = 2mW = P
If we sum all the powers, 5mW + (-8mW) + 1mW + 2mW = 0W
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