
3. (2 points) A 32-kHz signal has been quantized to 15-bit resolution. What is the maximum time duration
of one bit needed to transmit this data? (Assuming only 2-level binary transmission). Show your answer in
microseconds.

4. (2 points) Determine the minimum sampling rate necessary to sample and perfectly reconstruct the signal
x(t) = sinc(12345t) where t is in seconds (s). Show units of your final answer.

c = 3⇥ 108 m/s (in free space), c = 2⇥ 108 m/s (in media), 1 km = 103 m, 1 ms = 10�3 s, 1 Mb = 106 b

F{rect(t/T )} = T sinc(fT ) = T sin(⇡fT )/⇡fT

F{sinc(t/T )} = T rect(fT )

F{1� |⌧ |/T} = T sinc2(fT )

sin(a+ b) = sin a cos b+ cos a sin b, cos(a+ b) = cos a cos b� sin a sin b

sin(a± b) = sin a cos b± cos a sin b, cos(a± b) = cos a cos b⌥ sin a sin b

sin 2a = 2 sin a cos a, cos 2a = cos2 a� sin2 a = 2 cos2 a� 1

cos a = (eja + e

�ja)/2, sin a = (eja � e

�ja)/j2, tan a = sin a/ cos a

 x(f) = |X(f)|2, Gx(f) =
P

|cn|2�(f � nfo), Gx(f) = limT!1
1
T |XT (f)|2

Rx(⌧) =
R1
�1 x(t)x(t+ ⌧)dt, Rx(⌧) = limT!1

1
T

R1
�1 x(t)x(t+ ⌧)dt

cn =
R1
�1 x(t) exp(�j2⇡nfot)dt

SNR [dB] = 10 log(SNR), SNRq,dB = 6.02b+ 10.8 + 10 log(�2x/V
2
pp), SNRj = 3/(�2t + f

2
H)


