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Figure 2: Transistor circuit

Task 1.a

Figure 1 shows two basic circuits. Find an expression for IB and IC .

1



TPK4125 Mekatronikk
Solution Assignment 4

In saturation the transistor in Figure 2 has the following characteristics:

IB ≥
IC
β

VBE = 0.7V, VCE = 0.2V
β = 100

Task 1.b

Find the expression for IB and IC .

Hint: VRX = VXX − VXE

Task 1.c

Show that the following equation ensures saturation

RB ≤ βRC
VBB − 0.7

VCC − 0.2

Task 1.d

Given the component values in Table 1, find IB, IC and an appropriate value for RB

Component Value
VCC 5V
VBB 5V
RC 10 kΩ

Table 1: Component values

Task 1 Solution

Task 1.a Solution

VRB
= VBB − 0.7V

IB =
VRB

RB

=
VBB − 0.7V

RB

VRC
= VCC − 0.2V

IC =
VRC

RC

=
VCC − 0.2V

RC
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Task 1.b Solution

VRB
= VBB − VBE

IB =
VRB

RB

=
VBB − 0.7V

RB

VRC
= VCC − VBE

IC =
VRC

RC

=
VCC − 0.2V

RC

Task 1.c Solution

IB ≥
IC
β

VBB − 0.7V
RB

≥
VCC−0.2V

RC

β

RB ≤
VBB − 0.7V
VCC − 0.2V

βRC

Task 1.d Solution

IC =
5V− 0.2V

10 kΩ
= 480 µA

RB ≤
5V− 0.7V
5V− 0.2V

100 · 10 kΩ = 89 503 Ω

⇒ RB = 80 kΩ

IB =
5V− 0.7V

80 kΩ
= 53.75 µA

Task 2

Task 2.a

Consider the circuit in Figure 3. What is VOUT if VIN is a DC power supply?
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Figure 3: Inverted amplifier
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Figure 4: Active low-pass filter

Task 2.b

Consider the circuit in Figure 4. If RS is removed, then

d

dt
VOUT = − 1

R1C
VIN

What is the equivalent equation if RS is added?

Task 2.c

Using VIN = V0e
jωt, show that

VOUT = −RS

R1

V0
1 + jωCRS

ejωt

Task 2.d

Using RS = R1 = 1 kΩ, C = 1 µF and V0 = 10V, calculate VOUT for each ω as shown in Table 2.
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ω VOUT

10 rad s−1

100 rad s−1

1000 rad s−1

10 000 rad s−1

100 000 rad s−1

Table 2: Result table for VOUT

Task 2 Solution

Task 2.a Solution

On the amplifier we have that VAMP.IN− = VAMP.IN+ = 0V . This means that:

IIN = −IOUT

⇒ VIN
R1

= −VOUT

RS

⇒ VOUT = −RS

R1

VIN

Task 2.b Solution

IC + IRS
+ IR1 = 0

d

dt
CVOUT +

VRS

RS

+
VR1

R1

= 0

d

dt
VOUT = − VRS

CRS

− VR1

CR1

Task 2.c Solution

IIN + IOUT = 0

VIN
ZIN

= −VOUT

ZOUT

1

ZOUT

=
1

ZRC

+
1

ZC

=
1

RS

+
1
1

jωC

=
RS

1 + jωCRS

VOUT =
RS

R1

VIN
1 + jωCRS

⇒ RS

R1

V0
1 + jωCRS

ejωt
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Task 3
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Figure 5: Inverting summer circuit

Task 3.a

Determine an equation for the output voltage VOUT in Figure 5 given that R1 = R2 = RF = R. Is
the name of the circuit appropriate?

Task 3.b

Calculate the voltage on the negative and positive pin on the op amp, and the output voltage VOUT ,
given that V1 = 6V, V2 = 7V and R1 = R2 = RF = R = 1 kΩ.

Task 3.c

What happens to the output voltage if RF = 2R1 = 2R2

Task 3 Solution

Task 3.a Solution

I1 + I2 + IF = 0

V1
R

+
V2
R

= −VOUT

R
VOUT = −(V1 + V2)

Task 3.b Solution

Since the positive pin on the amplifier is connected to ground, then the voltage is 0V. Since there is
a connection between the out pin and the negative pin, then the negative pin will also be the same
as the positive pin. The negative pin is therefore 0V

VOUT is calculated from the previous formula, and is −13V.

6



TPK4125 Mekatronikk
Solution Assignment 4

Task 3.c Solution

Setting Rf = R and R1 = R2 = 2R.

I1 + I2 + IF = 0

V1
2R

+
V2
2R

= −VOUT

R

VOUT = −V1 + V2
2
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