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Technical support during examination: Orakel support services
Phone: 73 59 16 00

If you experience technical problems during the exam, contact Orakel support services as soon as possible
before the examination time expires. If you don’t get through immediately, hold the line until your call is

answered.

OTHER INFORMATION

Make your own assumptions: If a question is unclear/vague, make your own assumptions and specify them
in your answer. Only contact academic contact in case of errors or insufficiencies in the question set.

Saving: Answers written in Inspera Assessment are automatically saved every 15 seconds. If you are working
in another program remember to save your answer regularly.

Cheating/Plagiarism: The exam is an individual, independent work. Examination aids are permitted, but make
sure you follow any instructions regarding citations. During the exam it is not permitted to communicate with
others about the exam questions, or distribute drafts for solutions. Such communication is regarded as
cheating. All submitted answers will be subject to plagiarism control. Read more about cheating and
plagiarism here.

Notifications: If there is a need to send a message to the candidates during the exam (e.qg. if there is an error
in the question set), this will be done by sending a notification in Inspera. A dialogue box will appear. You can
re-read the notification by clicking the bell icon in the top right-hand corner of the screen. All candidates will
also receive an SMS to ensure that nobody misses out on important information. Please keep your phone
available during the exam.

Your answer will be submitted automatically when the examination time expires and the test closes, if
you have answered at least one question. This will happen even if you do not click “Submit and return to
dashboard” on the last page of the question set. You can reopen and edit your answer as long as the testis
open. If no questions are answered by the time the examination time expires, your answer will not be
submitted.

Withdrawing from the exam: If you become ill, or wish to submit a blank test/withdraw from the exam for
another reason, go to the menu in the top right-hand corner and click “Submit blank”. This cannot be undone,
even if the test is still open.

Accessing your answer post-submission: You will find your answer in Archive when the examination time
has expired.
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The 2 complement representation of the decimal number -213 is:
Select one alternative:

1010111
1101011
11010101
100101011

110101

(2 points for correct answer)

Maximum marks: 2

2/13



2

TFY4190_v2021

pP2v2TFY4190v2021
Vi B
: s D
| R |
52 . _
x Vo

sS4 e&——

The DAC circuit shown above consists of resistors with resistances R and 2R as indicated, switches S1 to S4,
and an ideal operational amplifier. The reference voltage is V; and the output voltage is V. Currents |y and I
are indicated in the figure.

What is the ratio 14/l between currents |1 and I,?

Enter the answer here:

What is the analogue output if switches S1, S2, and S3 are in the lower positions, and switch S4 is in the upper
position? Assume a reference voltage V;of 5 V.

Enter the answer here: V.

(2 points for each correct answer)

Maximum marks: 4
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A single precision binary number consists of 32 bits. The MSB gives the sign, the next 8 bits the exponent,
and the 23 remaining bits give the fraction. A bias of 127 is used for the exponent.

What is the decimal value of the single precision number given in hexadecimal form by C2380000 ?

Enter the answer here:

(2 points for correct answer)

Maximum marks: 2
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A physical quantity is measured 10 times. The results are:

5.1, 5.2, 5.0, 563, 4.9, 51, 5.2, 5,0, 4.8, 5.0 (in arbitrary units).
What is the precision in % for the second measurement (value 5.2) ?
Select one alternative:

98%
97%
96%
95%

99%

(2 points for correct answer)

Maximum marks: 2
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Assume the following time dependent signal y(t) = sin(wt).

Find the RMS (root mean square) average of the signal.
The RMS average is:

0.67
0.83
0.71
0.5

0.64

Find the rectified average of the signal.
The rectified average is:

0.67
0.71
0.64
0.83

0.5

(1 point for each correct answer)

Maximum marks: 2
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The figure above shows a generator circuit that transmit a high frequency signal on a transmission line of
characteristic impedance Zj. At the end of the line is a load impedance Z;, = 10002 — 2300€2.

Which statement is correct?
Select one alternative:

the voltage signal is a maximum at the load
the voltage increases when moving away from the load
the voltage decreases when moving away from the load

the voltage signal is a minimum at the load

The voltage standing wave ratio (VSWR) at the load is given by VSW R = 4.
What is the magnitude of the reflection coefficient at the load?
Select one alternative

04
0.5
0.6
0.7

0.8

(2 points for each correct answer)

Maximum marks: 4
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The input circuit of an amplifier can be considered to consist of a B = 10M €2 resistor in parallel with a
C' = 100pF capacitor as shown in the figure above. A power line of frequency f = 50H z and peak to
peak voltage V' = 320V results in a noise voltage of V)y = 1V at the input of the amplifier due to capacitive

coupling.

Find the capacitance CS between the power line and the input circuit.
Select one alternative:

0.62 pF
1.04 pF
0.89 pF
0.52 pF

1.24 pF

(4 points for correct answer)
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Maximum marks: 4

A 16 bit ADC has operating range from -15 to +15V. The output signal is given in 2 complement binary format

in hexadecimal representation V,,: = 9DES3.

What is the resolution of the ADC?

Enter the answer here: mV.

What is the input voltage?

Enter the answer here: V.

(2 points for each correct answer)

Maximum marks: 4
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Convert decimal 4038.356 to hexadecimal format.
The answer is given by:
Select one alternative:

FC6.5B22...
FC6.6011...

FC6.5B30...
FC6.5C1E...

FC6.4FF3...

(2 points for correct answer)

Maximum marks: 2
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A sound signal has bandwidth from 10 to 24000Hz. Only frequencies up to 18000Hz are of interest for a
particular application. Assume that a digital sampling is to be done of the signal.
What should the minimum sampling frequency be to avoid aliasing?

Select one alternative

36000 Hz
24000 Hz
18000 Hz

48000 Hz

What should the cut-off frequency be for the low-pass filter?
Select one alternative

24000 Hz
18000 Hz
48000 Hz

36000 Hz

(1 point for each correct answer)

Maximum marks: 2
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A disturbance in form of a sharp voltage pulse (delta pulse) is impinging on a system of transfer function F(s)

as shown above. The transfer function of the measurement system is given by: F(s) = (s—i—l)s(s+2) :

How large is the effect of the disturbance on the output signal y(t) aftert = 0.5s ?

Enter the answer in % of the maximum disturbance: %.

(4 points for correct answer)

Maximum marks: 4
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A high frequency pulse train enters a transmission line as shown in the figure. At the end of the transmission
line is a complex load that consists of a serial coupling of a resistor and a solenoid. Find the reflection
coefficients at the load. Give the answer in amplitude and phase angle. Assume loss-less transmission line.

The amplitude of the reflection coefficient is:

The phase of the reflection coefficient is: © (degrees).

(2 points for each correct answer)

Maximum marks: 4
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PID system

A PID regulated system is shown in the figure above.
1
0.01s3+s+1
Assume proportional control and harmonic signal and find the angular frequency where the regulated system
starts to oscillate.

The transfer function of the system is given by G(s) =

Enter the answer here: rad/s.
Find the period of the oscillations at this point.

Enter the oscillation period here: S.

(1 point for each correct answer)

Maximum marks: 2
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A harmonic signal u(t) = 5coswt [V ] is to be sampled by using a 14 bit ADC. The frequency of the signal is

given by f = 1kH z. The signal should not increase by more than 25% of the resolution between samplings.
Find the maximum sampling time that may be used for digitizing the signal.

Enter the maximum sampling time here: ns.

(2 points for correct answer)

Maximum marks: 2
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A battery of voltage Vg and a switch S generates a step voltage Vg = 6V at the start of transmission line 1.
Impedances are given by Zg = 752 and Z; = 75f).

What is the voltage Vg of the battery ?

Enter the voltage here: V.

Ve

6V

AV | .

fl t2 t

How Vg varies with time is shown in the figure above.
Find the line impedance of transmission line 2.

Enter the line impedance Z; here: Q.
Use the curve above to estimate the size of the load at the end of transmission line 2.

Enter the value of Z|_ here: Q.

(2 points for each correct answer)

Maximum marks: 6
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We want to sample the signal u(t) = sin(wt). The angular frequency w = 56520 rad/s. We will use
sampling frequency fs = 25 kH z.

Which of the following frequencies may be reproduced in the sampled signal in the absence of a low-pass
filter?

Select one or more alternatives:

18000 Hz
30000 Hz
40000 Hz
50000 Hz
20000 Hz

25000 Hz

(2 points for each correct answer, -2 points for each wrong answer, minimum score is 0 points)

Maximum marks: 6
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Consider a semiconductor junction of resistance R = 100k£2 which is at temperature T' = 300K. A
frequency dependent current I = 1n A of bandwidth A f = 1000 H z flows through the junction.

Find the ratio between the thermal and shot noise currents Ithermal/Ishot-

Enter the answer here:

(2 points for correct answer)

Maximum marks: 2
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A current flows through a resistor shaped as a cylinder of resistivity p, length L and radius r, as shown in the
figure above.

Use Gauss' law of error propagation to estimate the uncertainty in the dissipated power in the resistor when the

relative uncertainties in dimensions are given by % = (0.02 and AL—L = 0.01. The relative uncertainty in
the current measurement is % = 0.005.

Enter the answer in % here:

(2 points for correct answer)

Maximum marks: 2
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Solution Exam June 10, 2021

Problem 1
-213 ->-11010101 -> (add one digit) -011010101 -> 100101011 (2comp)

Problem 2

L _ Yo _ _ =y (L Yo T =Ty = _
D=dand L= —(+L+15)= Vst ot )=t oy, = -1y, = -4375V

Problem 3

Hex C2380000 = 1|100 0010 0|011 1000 0000 0000 0000 0000

Sign -, exponent 1000 0100 = 128+4 -bias 127 =5, fraction = 0.25+0.125+0.0625 = 0.4375
Number = - 2° x 1.4375 = 46.00

Problem 4

<x>=5.070, Precision = 100(1-(5.2-5.060)/5.060) = 97.23%

Problem 5

_lT'Z _2%.2 _iZTL’.Z _l_
RMS average = /Tfo sin?wtdt = \/ano sin?wtdt = /ano sin?xdx = |- = 0.707

T
i =2 (2 — @1l T_ 2 _
Rectified average—TfO2 sinwtdt = = [—cosx|§ = —= 0.637

Problem 6

The voltage decreases when moving away from the load (negative imaginary part of load
impedance)

V(d) = BelPA(1+ Tze /289) = BelPd(1 + |Iy|e/1e1-2h0)

cos(—|@| — 2Bd) decreases as d increases

VSWR-1
VSWR+1

_ 1-ITg|
1+|Tg|

VSWR = [z

Vimin

=0.6

=> |Ix| =
Problem 7

[ V-Vy Vy(1+jwRC) _ Vy  jwRCs o Vn|?  (wRCs)?
-1 T R "7 Vv T 1+4jorC T vl T 1+ w?R2C?
JwCs

vyl |1
C, = |2|= f— R2(C? = 1.04pF
$ ‘V‘R a)2+ p




Problem 8

] 15— (—15)V
Resolution = =1 = 0.0004578V

Hex 9DE3 = 1001 1101 1110 0011 -> - 110001000011101 = - 2¥+21342%9424423422420 = -25117
Input voltage =-25117 x 0.0004578 V =-11.499 V
Problem 9

Convert 4038.356 to hexadecimal.

4038/16 =252 + 6/16 0.356*16=0.696 + 5
252/16 =15+ 12/16 0.696*16 = 0.136 +11
15/16 =0+ 15/15 0.136*16=0.176 + 2
0.176*16 =0.816 + 2
=>FC6 0.816*16 = 0.056 + 13

=>5,11,2,2,13, = 5822D...
Problem 10
Nyquist fs = 48kHz, feyt-orf = 18kHz

Problem 11

s
R =land F =
() =1and F(s) = ey 542
From Laplace table y(t) = f(t) = 2e7?* — e~ => y(0.55) = 0.13 = 13%
Problem 12

Z,—Zy 14+ (A+pGAG-,H_5 .3

[ = = = = I
R 7 %7y 4+) @G+pG—-pn 17 7117
v25+9 3
|FR| = T = 0.343 and <4[y = tal’l_lg = 30.96°
Problem 13
_ 1 s=jw _ 1 _ 14j(0.01w3-w)
G(s) = 0.01s3+ s+1 G(w) = 1+j(w—=0.01w3)  1+(w-0.01w3)?2

£G(w) = tan™1(0.01w3 — w) since tan(180°) = 0, we get »(180°) = 10 rad/s

2w
wTy =2n = T, == 0.628s

Problem 14
AV AV, 22
i 514 _ 1
av — 5w =10 _ resolution _ 214 — 1
(At)max @ nf 4t 4t
1

_ 21E_q _ 109 « —
T——4n_10005 486-107°s = 4.86ns



Problem 15

Vs Zo + 7,
¢ zo+z, 1t B Z

Ve =12V

The reflection coefficient must be -1/3.

Z, — 7, 1
F12 = ZZ + Zl = —§ => 3(22 - Zl) - _(ZZ +Zl) => Zz = 0521 = 37SQ

The load impedance Z, must be 0 (shorted).

Problem 16

u(t) = sin(wt) = sin (2ft)

u, (t) = sin(2nf nty) = sin(2nf ntg + m2n) = sinr[nf + mf;lz)

There multiples of f and fs may be present in the sampled signal without using a low-pass filter.

Problem 17

’4k TA
Ithermai = BTf =1.287-10"11 4 =12.87 pA

I
Lpot = +/2el Af =0.566- 10713 4 = 0.566 pA => _thermal _ 22.75
Ishot

Problem 18

L
P=RI*= p—212

r

dP _dL _dr  _dI

P L r+l

L r

Gauss => = = \/(&)2 + (2 5)2 + (2 %)2 =0.012 + 4-0.022 + 4-0.0052 = 0.042 = 4.2%



