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The name of the data analysis technique to estimate optimal averaging time for

achieving best resolution for a sensor output 1s:
A Weibull distribution

B. Arrhenius plot
C. Allan variance
D. None of the above
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In the low noise vs low power trade-off case study of the accelerometer used as
tilt sensor, the specification to choose the most suitable sensor 1s:

A Energy consumption

B. Power consumption

C. Averaging time

D. RMS noise

The random vibrations causes vibration rectification in an accelerometer
causing a shift in:

A RMS noise

B. Offset

C. Bandwidth

D. Sensitivity
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In an application of an active sensor, which circuit may be used for maximizing
the signal to noise ratio of the sensor output:

A Trans-impedance amplifier

B. Auto-zero amplifier

C. Chopper amplifier

D. Lock-in amplifier

Which of the following 1s a highly linear capacitive transducer?
A Comb-drive
B. Cantilever resonator
C. Folded flexure beam
D. Gap-closing capacitive actuator
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Which of the following forms the operating principle of MEMS gyroscopes
discussed in the course?

A Euler force

B. Centrifugal force

C. Coriolis force

D. None of the above

Sampling an analog sensor output at less-than Nyquist sampling rate results in
which of these errors:

A Higher noise due to out-of-band signals

B. Non-linear output due to mixing

C. Reduced sensitivity due to sub-sampling

D. All of the above
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Which of the following 1s an invalid boundary condition for a MEMS beam
structure?

A Fixed

B. Guided

C. Free

D. Bonded

The spring constant of a cantilever beam fixed at one end and subjected to a
point load at the other end 1s given by: (Young’s modulus = E, width ='W,
height = H_ length =L)

A EWH¥12L17

B. EWH/4L?

C. EWHY/6L?

D. EWHY/L?
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Which of the following circuits was introduced as a read-out circuit for a
capacitively transduced accelerometer?

A Lock-in amplifier

B. Switched-capacitor integrator

C. Chopper amplifier

D. Comb-drive

A lock-in amplifier utilizes which of the following principles:
A_ Phase sensitive detection
B. Synchronous demodulation
C. Narrow band filtering
D. All of the above
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Which MEMS ftransduction principle was not discussed in this course:
A Capacitive transduction
B. Thermal transduction
C. Piezoelectric transduction
D. None of the above

For a distribution of measurements with mean M and standard deviation S, the
convention for the “typical’ specification 1s:

A M+ 58

B.M* 558

C. Mz 38

D Mz 5§
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Question Numbers : (14 to 15)
Question Label : Comprehension

t=0 =
R =1kQ s
S;I(\c AAA Vid 07} =1V

Veg = 2V T~ C=1pF

Figure 1. Capacitor charging.

In Figure 1, the capacitor C 1s charged to 1V at time t=0(-). Switch S closes at
time t=0. What is the energy drawn by the voltage source Vrs from time t = 0F
to time t = w?

A 4p]

B. 2p]

C. 1p]

D. 0.5p]
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In Figure 1, the capacitor C 1s charged to 1 V at time t = 0~ Switch S closes at
time t=0. What 1s the total charge stored on capacitor € at time t = oc?

A 6pC

B. 4pC

C. 2pC

D. 1pC
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Vi
Vim + Vis/2
Vewm - Vis/2

Vem

Figure 2, Traditional single ended 3-bit SAR ADC,

What 15 the value of Vx during MSB comparison?
A Ven—Va
B. Vem + Vin
C. 2Vem— Vi
D. 2Veu + Vin
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“What 1s the value of LSB in terms of Vrs?
A Vrs/2
B. Vrs/4
C. Vrs/8
D. Vrs/lé

Constder Vrs =2V, Ve =1V, Co =5 {F. Large signal DC mnput Via=1.6 V 18
applied. Find the value of Vx during each bit conversion (B2 B1 Bu) of the 3-bit
SAR ADC shown in Figure 2.

A Vyp:=16V, Vxp1=11V, Vxge=09V

B. Vixp2=04V, V=11V, V=083V

C. V=04V, Vxp1=09V, Vxeo=065V

D Vxg:=04V, Vxp1=09V, Vxeo=1.15V
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Correct Marks : 1 Wrong Marks : 0

With increase in sampling frequency of a 3-bit SAR ADC, the percentage of total
power consumed due to leakage 1n digital circuat:

A decreases.

B. remains same.

C. increases.

D. depends on SAR control logic.
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Consider Vrs =2V, Co=51{F Vxattime T1s Vx{T} =04 V.

1\'r|.'5
Q-{‘I‘}_‘LC] o e
SOF ] " 2T}, ;T R(2T}
4 T—2T . *Vx
WM, o ' —=

T Co=2C=200

Time T Time 2T

Figure 3. Single capacitor switching.

.The charge stored capacitors C) and C: at time T are Qc1{T} and Qc2{T},
respectively. Which one of the following 1s correct?

A QaiT}=21C, Q{T} =-16fF

B. Qci{T}=-2fC, Qc2{T} =-8 {F

C. QciiT}=-2fC, Qc2{T} =16 fF

D. Qci{T} =2 fC, Qe2{T} =16 fF
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.The charge stored on capacitors C1 and C; at time 2T are Qc1{2T} and Qc2{2T},
respectively. Which one of the following 1s correct?
A Qo{2T} =55C, Qcz{2T} =11 fF
B. Qc1{2T} =55 1C, Qc2{2T} =—-11{F
C. Qai{2T}=—-551C, Qc2{2T} =—551F
D. Qoi{2T} =55 1C, Q2 {2T} =11 IF

Energy consumed in switching from tune T to time 2T 1s.

A 251
B. 12517
C. 1017
D. 5Fj
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Correct Marks : 1 Wrong Marks : 0

Which of the following method 1s not helpful in capacitive SAR ADC power
saving?

A Reducing full scale of the ADC.

B. Operating digital logic at low voltage.

C. Reducing sampling frequency of the ADC.

D. None of the above.
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SAR
Logic

Digital
Output

LSB Array MSB Array

Figure 4. 6-bat spht capacitor array SAR ADC.

A 6-bit split capacitor array SAR ADC 1s shown in Figure 4. Assume we would
like to replace the 6-bit SAR ADC with an 8-bit ADC so that 4-bits are obtained
from LSB array and 4-bits from MSB array. In such 8-bit ADC, what 1s the size
of attenuation capacitor which bridges the MSB DAC and the LSB DAC, n
terms of unit capacitor C?

A Zc
3l

B. 2¢
15

¢ B
la

D=
32
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A 6-bit split capacitor array SAR ADC 1s shown m Figure 4. In an N-bit ADC
which uses split capacitor array technique, N/2-bits are obtained from LSB array
and N/2-bits from MSB array. For such N-bit ADC, what 1s the size of capacitive
DAC in terms of unit capacitor C?

N 1
AN

N-1 1
2 + 2Nz
1
2N/z-g
R
2Nz

B.
E BN b
B 2%

Split capacitor array technique (shown in Figure 4) 1s useful:
A Only for power saving.
B. Only for area saving.
C. For area and power saving.
D. None of the above.
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Consider the random process
x[n] = Acos(nw, + ¢).

This process 1s wide sense stationary (WSS) 1f
A A is a random variable with mean 0 and varianceg}; w,is constant; ¢is
constant
B. A is a constant; w,1s constant; ¢ 1s uniformly distributed over [—m, m]
C. A 1s a constant, w, 1s uniformly distributed over [-w, - &, w, + A]; @ 15
constant
D. any of the above conditions are true
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The Wiener filter 1s the optimal filter for mmimizing which of the following

error functions between desired signal d[n] and estimated signal d[n].
A. ¢ =Xko(dlil - dfil)
B. { = E{|d[n] —d[n]|}
Coc=3% (gl —dhl)I
D. { = E{|d[n] — d[n]|*}

The Wiener FIR filter 1s optimal when minimizing the mean-square error for
the following combination of signal and system condition.

A deterministic signal and LTI system

B. non-stationary random signal and LTI system
C. stationary random signal and LTI system
D

. stationary random signal and non-linear time-invariant system
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Correct Marks : 1 Wrong Marks : 0
Consider the steepest descent algorithm for updating weights
Wi = Wy + pE{e[n]x * [n])

in adaptive filters. Let R, be the input correlation matrix with eigen-values A,
and eigen-vectors v;. The condition for convergence of the algorithm 1s

A u=0

B. 4 >2/Apay

C. Dxp<2fd..

Dol i

The least mean squares (LMS) algorithm has the following weight update step.
A Wiy = Wy, + pE{e[n]x* [n]}
B. Wn41 = Wy + i Ehzoe[n —mlx™ [n —m]
C. Wpr = Wy + 1(Tay — Rewy)
D

W = wy + pefnlx” [n]
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Which of the following choice of u in LMS algorithm has faster convergence
A pu=0

B u=

"-1111111
2
C u= 2 wheredmm < A < Anax

r

D u>=

.ﬂ max
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Let x[n] be the input signal; d[n] the desired signal with mean zero; and v[n]

2

white noise signal with mean zero and variance g7,

x[n] = d[n] + v[n].

related as

Assume d[n] and v[n] are uncorrelated, and d[n] is WSS. Then the

autocorrelations are related as:
A Tyx [k] = rdd[k]

] Tdd [k] + Typ ['If]
| = rgqlk] + o
]

Ty lk] = Jded[ ]

Tyx LK

B. 1l
£ walk
D. 7yl

The LMS filter 1s

A linear, time-invariant

B. linear, time-variant

C. non-linear, time-invariant
D. non-linear, time-variant
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By choosing 0 < p < 2/A4,,,,Where 4., 1s the maximum eigen-value of R,
the LMS algorithm

A converges only for WSS signals

B. converges both for WSS and non-WSS signals independent of the initial
weight vector

C. converges both for WSS and non-WSS signals depending on the initial
weight vector

D. will not converge

For the WSS scenario, the mimmum mean-square error {,,;,, Will be obtained
by using the steepest descent algorithm. In this case the LMS converges and

obtains the error ;.

A (us =0

B. (ums = Cmin
C. {4ms = (min T+ €. where € 13 a small value.

D. Can not be determined the question.
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The RLS solves for the weight vector w,, using

R, [n]wn = Tdx [’H]

A_ R.[n] is the statistical autocorrelation matrix E{x[n]x" [n]}

B. R.[n] is the deterministic autocorrelation matrix x[n]x" [n]

C. R.[n] is the statistical autocorrelation matrix E{¥ ", x[i]x" [i]}
D ]

. R [n] 1s the deterministic autocorrelation matrix 1= x[i]x" [i]
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Considering LMS and exponentially weighted RLS adaptive filters, which one
of the following statements 1s FALSE_

A Both perform well for non-stationary signal conditions

B. Performance of LMS will be better than RLS

C. Performance of RLS will be better than LMS

D. Computational complexity of LMS is less than that of RLS

The name of the pedagogical technique used throughout the lectures delivered
by Prof. Vikram M. Gadre 1s:

A Think, Inhale, Pair and Exhale

B. Think Reflect, Share Pair

C. Think Inhale Pair, Exhale and Share

D. None of the above
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In this technique, one 1s NOT encouraged to talk to anyone around in the
A Think Phase
B. Inhale Phase
C. Pair Phase
D. Exhale Phase

In this technique, one IS expected to discuss locally with one or more partner(s)
in the

A Think Phase

B. Inhale Phase

C. Pair Phase

D. Exhale Phase
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In this technique, the entire class participates together and focuses attention on
the respondent(s), in responding during the

A_ Inhale Phase

B. Pair Phase

C. Exhale Phase

D. Share Phase

When given an opportunity to explain the ideas of their group to the whole class,
different groups i1dentified some or all of the following transforms:

(1) Laplace Transform

(11)  Fourier Transform

(111) Z-Transform

(iv) Hankel Transform

(v)  Hausdorff transform

(vi) Wavelet Transform
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Dr. Sanjeev Ahuja and Raja 1dentified the following transforms:
A. (1), (1), (i), (v)
B. (1), (11), (111), (1v)
C. (1), (111), (av), (v)
D. (1), (1), (1), (v)

Prof. Devi from KC College and Dr. Swati Lavand identified the following
transforms:

A (1), (11), (111), (v) only

B. (1), (1), (111), (iv), (v)

C. (1), (1), (111), (v), (vi)

D. (1), (i1), (111), (1v) only
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A Discrete Sequence 1s a mapping from

The set of integers to the set of complex numbers
The set of integers to the set of integers

The set of complex numbers to the set of integers

oOowp

The set of real numbers to the set of complex numbers

A Discrete System 15 a mapping from

A The set of sequences to the set of complex numbers
The set of complex numbers to the set of sequences
The set of complex numbers to the set of wrrationals

o0w

. The set of sequences to the set of sequences
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A two-point moving average 1s best described by:
y[n] =05 {x[n] + x[n— 1]}

y[a] = 0.5 {x[n] - x[a— 1]}

y[n] = cube root of {x[n] x[n— 1]}

y[n] = 0.25 {x[n] x[n - 11}

gowp

The sequence x[n] = n for all integer n 1s given as the input to a 2-point moving
average. The output y[n] for this sequence x[n] would be the sequence y[n] =
A x[n]+05
B. x[n]-0.5
C. 0.5 x[n]
D. nx[n]
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The following CANNOT be a property of the two-point moving average:
A Suppression of relatively slower variations in the sequence in
comparison to faster ones
B. Suppression of relatively faster variations in the sequence n comparison
to slower ones
C. Identification of trends across samples
D. Removing unwanted fluctuations

A 3-point moving average would give a zero output to the following mnput
sequence:
A x[n] =cos (mn/5)
x[n] = cos (2an/3)
x[n] = cos (mn/2)
. X[n] = cos (mn/4)

OO w
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