PHYSICS 211 (SP23)
HW 5
For full credit, show all calculations with answers in standard units (kg, m, s, C, N, J) unless otherwise specified. If no calculations are required, give logical justification for your answer. Answer each question as completely as you can. Please read the questions carefully as many contain multiple parts. Watch your units! No work means no credit.

1. An NPN transistor with three terminals labeled E, B, and C is connected in the following illustrated circuit.
a. Calculate IE.
b. Calculate VC and VE.
c. If terminal B is 0.6 V more positive than terminal E, calculate the ratio of R1 and R2, assuming IE is very large compared to the 20µA flowing into terminal B. 
d. Calculate the approximate power dissipated in the transistor.
[image: ]
2. Write a simple formula for each of the following:
a. Express the relationship between IC, IB, and IE in a BJT.
b. Write an expression for IC and a function of IB and ⍺.
c. Write an expression for IC and a function of IB and ꞵ.
d. Write an expression for IC and a function of IE and ⍺.
e. Write an expression for IC and a function of IE and ꞵ.
f. Write an expression for IB and a function of IE and ⍺.
g. Write an expression for IB and a function of IE and ꞵ.

3. Fill in the blanks: The base voltage of an “on” NPN BJT is always approximately _______ V more ____________ (positive or negative) than the emitter.




4. Consider the illustrated circuit in which a mechanical switch is used to turn on a small control current that activates the transistor “switch" that enables a much larger current through the lamp. The lamp was designed for 1 V, 0.1 A operation; for the purposes of this exercise consider the lamp as a simple resistor with Rlamp = 100 Ω, and assume that ꞵ = 100 for this transistor. Fill in the following table given the base current IB, the collector current IC and the voltage at the collector VC for the indicated values of R. For which resistor(s) will the lamp be powered as designed?

[image: ]



5. Consider the simple common-emitter amplifier with the input voltage Vin = 1.59 + 0.33cos(ꞷt), i.e., a signal that oscillates between 1.59 - 0.33 = 1.26V and 1.59 + 0.33 = 1.92 V.
a. Use a simple model of transistor to calculate Vout when Vin = 1.26 V.
b. Use a simple model of transistor to calculate Vout when Vin = 1.92 V.
c. Using the results you obtained in the previous parts of this problem determine the voltage gain for AC signals (Vout=Vin).[image: ]













6. For the cascaded current mirror shown, all transistors have Vt = 0.6 V, µnCox = 160 µA/V2, L = µm, and VA = 10 V. Widths W1 = W4 = 4 µm, and W2 = W3 = 40 µm. The reference current IREF is 20 µA. 
a. What is the resulting output current?
b. What are the voltages at the gates Q2 and Q3?
c. What is the lowest voltage at the output for which current-source operation is possible?
d. What are the values of gm and ro of Q2 and Q3?
e. What is the input resistance of the mirror?
[image: ]
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