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Figure 4-6: Equivalent circuit model for an op amp operating
in the linear range (v, < |Vic|). Voltages vp, vy, and v, are
referenced to ground.

Table 4-1: Characteristics and typical ranges of op-amp parameters. The rightmost column represents the values assumed by the
ideal op-amp model,

Op-Amp Charac Parameter Typical Range Ideal Op Amp
npUL-OULpUL fesponse 10% 10 10% (V) oo
10910 101 @ 0 R
11010082 0oQ
S5w24V As specified by manufacturer
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4.5 For the op-amp circuit shown in Fig. P4.5:

(a) Use the model given in Fig. 4-6 to develop an expression
for the current gain G; = iy, / is.

(b) Simplify the expression by applying the ideal op-amp
model (taking A — oo, R; — 00, and R, — 0).

Figure P4.5: Circuit for Problem 4.5.

4.7 For the circuit in Fig. P4.7:

(a) Use the op-amp equivalent-circuit model to develop an
expression for G = v,/ vs.

(b) Simplify the expression by applying the ideal op-amp
model parameters, namely A — oo, R — oo, and
Ry — 0.

”S(i;

Figure P4.7: Circuit for Problem 4.7.

*4.9  The supply voltage of the op amp in the circuit of Fig. P4.9
is 16 V. If Ry, = 3 k€. assign a resistance value to Ry so that
the circuit would deliver 75 mW of power to Ry..

Figure P4.9: Circuit for Problem 4.9.

#4.13  Obtain an expression for the voltage gain G = v,/ v; for
the circuit in Fig. P4.13.
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Figure P4.13: Circuit for Problem 4.13.
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4.17 Determine v, across the 10 k€2 resistor in the circuit of
Fig. P4.17.

Figure P4.17: Circuit for Problem 4.17.

4.22  The circuit in Fig. P4.22 uses a potentiometer whose
total resistance is R = 10 k2 with the upper section being SR
and the bottom section (1 — 8) R. The stylus can change f from
010 0.9. Obtain an expression for G = v, /v in terms of B and
evaluate the range of G (as B is varied over its own allowable
range).

Ug

Figure P4.22: Circuit for Problem 4.22.

4.23 For the circuit in Fig. P4.23, obtain an expression for
voltage gain G = v, /vs.
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Figure P4.23: Circuit for Problem 4.23.

4.29 Relate v, in the circuit of Fig. P4.29 to vs and specify
the linear range of vs. Assume Vp = 0.
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Figure P4.29: Circuit for Problems 4.29 through 4.31.
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4.51  Solve for v, in terms of v for the circuit in Fig. P4.51.
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Figure P4.51: Circuit for Problem 4.51.

7. P3.89 is known as a
e the current Jp controls the

*3.89 The two-transistor circuit i
current mirror. It is useful beca
current /g regardless of external connections to the circuit.
In other words, this circuit behaves like a current-controlled
current source. Assume both transistors are the same size such
that I, = Ip,. Find the relationship between Iy and IRgr.
(Hint: You do not need to know what is connected above or
below the transistors. Nodal analysis will suffice.)

10 kQ

Transistor 1 Transistor 2

Figure P3.89: A simple current mirror (Problem 3.89).
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4.61 In Problem 3.73 of Chapter 3, we analyzed a current
mirror circuit containing BJTs. Current mirror circuits also
can be designed using MOSFETSs, as shown in Fig. P4.61.
Determine the relationship between [y and IRgF.

 Tep= £ 6/44 V) ) (f/“/v...) vi. %y
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Figure P4.61: Circuit for Problem 4.61.

Teer = I, when Ma is i satuiation

Dielectric ¢
—q

Figure 5-11: Parallel-plate capacitor with plates of area A,
separated by a distance d, and filled with an insulating dielectric
material of permittivity .

&= 5. 154x \0'1417m

Table 5-2: Relative electrical permittivity of common
insulators: & = £/gp and & = 8.854 x 10712 F/m.

Material Relative Permittivity &,
Air (at sea level) 1.0006
Teflon 2.1
Polystyrene 2.6
Paper 2-4
Glass 4.5-10
Quartz 3.8-5
Bakelite 5
Mica 5.4-6
Porcelain 5:7
OXTAL 3.9
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