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Learning objectives

The learning objectives for this section are:

• represent basic signal manipulations in terms of block diagrams

• translate a block diagram into a mathematical formula
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Block diagrams

In Signals and Systems we look at engineering problems from a “boxes
and arrows” perspective:

• arrows are like wires that carry signals

• boxes are systems that transform signals

We can represent these in diagrams that show how signals are being
processed and manipulated by systems.
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Gain

↵
x(t) y(t)

↵
y[n]x[n]

A gain is just scalar multiplication. We call this a gain even if |↵| < 1
(which is an attenuation).

y(t) = ↵x(t) (1)
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Addition

x1(t)

x2(t)

y(t)

x1[n]

x2[n]

y[n]

An adder just sums its inputs:

y(t) = x1(t) + x2(t) (2)
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Combining them

↵1

↵2

x1(t)

x2(t)

y(t)

We can combine adders and gains:

y(t) = ↵1x1(t) + ↵2x2(t) (3)

y[n] = ↵1x1[n] + ↵2x2[n] (4)
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Combining them

y[n]

x1[n]

x2[n]

↵1

↵2
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Delay

x(t) x(t � ⌧)delay(⌧)

Delays are also important components of block diagrams.

• Generically we can write a delay of ⌧ as delay(⌧).

• We will see that �(t � ⌧) describes a CT system that delays its
input by ⌧ .

• For DT we write a delay of k as z
�k (the reason will be clearer

later).
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Delay

z
�kx[n] x[n � k]

Delays are also important components of block diagrams.

• Generically we can write a delay of ⌧ as delay(⌧).

• We will see that �(t � ⌧) describes a CT system that delays its
input by ⌧ .

• For DT we write a delay of k as z
�k (the reason will be clearer

later).
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Combining them

↵1

↵2

x1(t)

x2(t)

y(t)

�(t � ⌧1)

�(t � ⌧2)

• delay and gains commute. That is, in CT

x(t)! 3x(t)! 3x(t� 1) x(t� 1) x(t), (5)

and in DT

x[n]! �2x[n]! �2x[n� 4] x[n� 4] x[n]. (6)
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Systems

H2(·)

H1(·)

x2(t)

x1(t)

y(t)

A system is a function that maps one signal to another. Here we have

y[n] = H1(x1[n]) + H2(x2[n]) (7)

If H1(x[n]) = x[n]2 and H2(x[n]) = 3x[n + 1] � 3x[n � 1] then

y[n] = x1[n]2 + 2x2[n + 1] � 3x[n � 1]. (8)
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Systems

y[n]
<latexit sha1_base64="58e58yNWYRySFPBt0zoyi9M7gD0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mqoMeiF48V7AekoWw2m3bpZrPsbooh9C94VC/i1T/kwX9j0vagrQ8GHu/NMDPPl5xpY9vfVmltfWNzq7xd2dnd2z+oHh51dJwoQtsk5rHq+VhTzgRtG2Y47UlFceRz2vXHd4XfnVClWSweTSqpF+GhYCEj2BRS6gpvUK3ZdXsGtEqcBak1z2CG1qD61Q9ikkRUGMKx1q5jS+NlWBlGOJ1W+ommEpMxHlI3mDCpBY6o9rKn2blTdJ77AQpjlZcwaKb+HspwpHUa+XlnhM1IL3uF+J/nJia88TImZGKoIPNFYcKRiVHxOwqYosTwNCeYKJafi8gIK0xMnlAlz8FZ/nqVdBp157LeeLiqNW/ngUAZTuAULsCBa2jCPbSgDQRG8Ayv8GZJ68V6tz7mrSVrMXMMf2B9/gDigZAM</latexit>

H2(·)

H1(·)x1[n]

x2[n]

A system is a function that maps one signal to another. Here we have

y[n] = H1(x1[n]) + H2(x2[n]) (7)

If H1(x[n]) = x[n]2 and H2(x[n]) = 3x[n + 1] � 3x[n � 1] then

y[n] = x1[n]2 + 2x2[n + 1] � 3x[n � 1]. (8)
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Modulation

y(t)x(t)

�
<latexit sha1_base64="+RZy//h/9YSIoIdZAw8IHAxuaRM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CVbBU9mtgh6LXjxWsB/QLiWbzbahSTYk2WIp/Qse1Yt49Q958N+4u+1BWx8MPN6bYWZeoDgz1nW/ncLa+sbmVnG7tLO7t39QPjxqmTjRhDZJzGPdCbChnEnatMxy2lGaYhFw2g5Gd5nfHlNtWCwf7URRX+CBZBEj2GZSzzDRL1fcqpsDrRJvQSr1M8jR6Je/emFMEkGlJRwb0/VcZf0p1pYRTmelXmKowmSEB7QbjpkyEgtq/OlTfu4Mnad+iKJYpyUtytXfQ1MsjJmIIO0U2A7NspeJ/3ndxEY3/pRJlVgqyXxRlHBkY5T9jkKmKbF8khJMNEvPRWSINSY2TaiU5uAtf71KWrWqd1mtPVxV6rfzQKAIJ3AKF+DBNdThHhrQBAJDeIZXeHOU8+K8Ox/z1oKzmDmGP3A+fwDrf5AS</latexit>

cos(2⇡fct)

One particular system that appears a lot in communication systems is
a modulator. You modulate a signal x(t) onto a signal c(t) by
multiplying the two signals pointwise. Typically c(t) is a
high-frequency sinusoid.

y(t) = x(t) cos(2⇡fct) (9)
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Modulation example

If there is some delay you might get y(t) = x(t) cos(2⇡fc(t � ⌧)). We
saw examples of modulated signals before. The signals x(t) and �x(t)
form the envelope of the modulated signal.
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AM radio transmission and channel

cos(2⇡fct)
<latexit sha1_base64="NHwwinW3waiumgkrfamRzzc0IYg=">AAAB/XicbVBNS8NAEJ34WetXqkcvi1Wol5JUQY9FLx4r2A9oQthsNu3SzSbsbqqlFH+JR/UiXv0lHvw3pmkP2vpg4PHeDDPz/IQzpS3r21hZXVvf2CxsFbd3dvf2zdJBS8WpJLRJYh7Ljo8V5UzQpmaa004iKY58Ttv+4Gbqt4dUKhaLez1KqBvhnmAhI1hnkmeWHBKrSg05CUOhR5A+88yyVbVyoGViz0m5fgI5Gp755QQxSSMqNOFYqa5tJdodY6kZ4XRSdFJFE0wGuEe7wZAlSuCIKnf8mF8/QaeZH6AwllkJjXL199AYR0qNIj/rjLDuq0VvKv7ndVMdXrljJpJUU0Fmi8KUIx2jaRQoYJISzUcZwUSy7FxE+lhiorPAilkO9uLXy6RVq9rn1drdRbl+PQsECnAEx1ABGy6hDrfQgCYQeIBneIU348l4Md6Nj1nrijGfOYQ/MD5/ABDWlHU=</latexit>

�
<latexit sha1_base64="+RZy//h/9YSIoIdZAw8IHAxuaRM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CVbBU9mtgh6LXjxWsB/QLiWbzbahSTYk2WIp/Qse1Yt49Q958N+4u+1BWx8MPN6bYWZeoDgz1nW/ncLa+sbmVnG7tLO7t39QPjxqmTjRhDZJzGPdCbChnEnatMxy2lGaYhFw2g5Gd5nfHlNtWCwf7URRX+CBZBEj2GZSzzDRL1fcqpsDrRJvQSr1M8jR6Je/emFMEkGlJRwb0/VcZf0p1pYRTmelXmKowmSEB7QbjpkyEgtq/OlTfu4Mnad+iKJYpyUtytXfQ1MsjJmIIO0U2A7NspeJ/3ndxEY3/pRJlVgqyXxRlHBkY5T9jkKmKbF8khJMNEvPRWSINSY2TaiU5uAtf71KWrWqd1mtPVxV6rfzQKAIJ3AKF+DBNdThHhrQBAJDeIZXeHOU8+K8Ox/z1oKzmDmGP3A+fwDrf5AS</latexit>

m(t)
<latexit sha1_base64="toSe0BATRlu3CrV4/F0V46dc96w=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFahXkpSBT0WvXisYD+gDWWz2bRLN5tld1MsoX/Bo3oRr/4hD/4bk7QHbX0w8Hhvhpl5nuRMG9v+tgpr6xubW8Xt0s7u3v5B+fCoraNYEdoiEY9U18OaciZoyzDDaVcqikOP0443vsv8zoQqzSLxaKaSuiEeChYwgk0mhVVzMShX7JqdA60SZ0EqjTPI0RyUv/p+ROKQCkM41rrn2NK4CVaGEU5npX6sqcRkjIe050+Y1AKHVLvJU37uDJ2nvo+CSKUlDMrV30MJDrWehl7aGWIz0steJv7n9WIT3LgJEzI2VJD5oiDmyEQo+x35TFFi+DQlmCiWnovICCtMTJpQKc3BWf56lbTrNeeyVn+4qjRu54FAEU7gFKrgwDU04B6a0AICI3iGV3izpPVivVsf89aCtZg5hj+wPn8AO4KPnw==</latexit>

s(t)
<latexit sha1_base64="clgJr0PvhFsFusCP82L8vHCaIkk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFahXkpSBT0WvXisYD+gDWWz2bRLN5tld1MsoX/Bo3oRr/4hD/4bk7QHbX0w8Hhvhpl5nuRMG9v+tgpr6xubW8Xt0s7u3v5B+fCoraNYEdoiEY9U18OaciZoyzDDaVcqikOP0443vsv8zoQqzSLxaKaSuiEeChYwgk0m6aq5GJQrds3OgVaJsyCVxhnkaA7KX30/InFIhSEca91zbGncBCvDCKezUj/WVGIyxkPa8ydMaoFDqt3kKT93hs5T30dBpNISBuXq76EEh1pPQy/tDLEZ6WUvE//zerEJbtyECRkbKsh8URBzZCKU/Y58pigxfJoSTBRLz0VkhBUmJk2olObgLH+9Str1mnNZqz9cVRq380CgCCdwClVw4BoacA9NaAGBETzDK7xZ0nqx3q2PeWvBWswcwx9Ynz9Evo+l</latexit>

w(t)
<latexit sha1_base64="iiUntjiKUdWc19QGSYEZhdE7EB4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSrUS0mqoMeiF48V7Ae0oWw2m3bpZrPsbqol9C94VC/i1T/kwX9jkvagrQ8GHu/NMDPPk5xpY9vf1srq2vrGZmGruL2zu7dfOjhs6ShWhDZJxCPV8bCmnAnaNMxw2pGK4tDjtO2NbjO/PaZKs0g8mImkbogHggWMYJNJjxVz3i+V7aqdAy0TZ07K9VPI0eiXvnp+ROKQCkM41rrr2NK4CVaGEU6nxV6sqcRkhAe064+Z1AKHVLvJU37uFJ2lvo+CSKUlDMrV30MJDrWehF7aGWIz1IteJv7ndWMTXLsJEzI2VJDZoiDmyEQo+x35TFFi+CQlmCiWnovIECtMTJpQMc3BWfx6mbRqVeeiWru/LNdvZoFAAY7hBCrgwBXU4Q4a0AQCQ3iGV3izpPVivVsfs9YVaz5zBH9gff4ASuaPqQ==</latexit>

y(t)
<latexit sha1_base64="8/XAV+WRIVs2SyHeOcFpwYRTI4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LFahXkpSBT0WvXisYD+gDWWz2bRLN5tld1MMpX/Bo3oRr/4hD/4bk7QHbX0w8Hhvhpl5nuRMG9v+tgpr6xubW8Xt0s7u3v5B+fCoraNYEdoiEY9U18OaciZoyzDDaVcqikOP0443vsv8zoQqzSLxaBJJ3RAPBQsYwSaTkqq5GJQrds3OgVaJsyCVxhnkaA7KX30/InFIhSEca91zbGncKVaGEU5npX6sqcRkjIe050+Y1AKHVLvTp/zcGTpPfR8FkUpLGJSrv4emONQ6Cb20M8RmpJe9TPzP68UmuHGnTMjYUEHmi4KYIxOh7HfkM0WJ4UlKMFEsPReREVaYmDShUpqDs/z1KmnXa85lrf5wVWnczgOBIpzAKVTBgWtowD00oQUERvAMr/BmSevFerc+5q0FazFzDH9gff4ATfqPqw==</latexit>

modulator AWGN channel

Ac
<latexit sha1_base64="lJrrw/b6HRMD/4HD9+RBP0yJW6c=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRjTxRHbRRI+oF48Y5SOBDemWLjR0203bJZINP8GjejFe/UUe/DeWhYOCL5nk5b2ZzMwLYs60cd1vJ7eyura+kd8sbG3v7O4V9w8aWiaK0DqRXKpWgDXlTNC6YYbTVqwojgJOm8Hwduo3R1RpJsWjGcfUj3BfsJARbKz0cN0l3WLJLbsZ0DLx5qRUPYEMtW7xq9OTJImoMIRjrdueGxs/xcowwumk0Ek0jTEZ4j5t90Ys1gJHVPvpU3btBJ1av4dCqWwJgzL191CKI63HUWA7I2wGetGbiv957cSEV37KRJwYKshsUZhwZCSavo56TFFi+NgSTBSz5yIywAoTYwMq2By8xa+XSaNS9s7LlfuLUvVmFgjk4QiO4Qw8uIQq3EEN6kCgD8/wCm+OdF6cd+dj1ppz5jOH8AfO5w/NlY9m</latexit>

↵
<latexit sha1_base64="R0VWvF3LDWauIquBj67AUiUvUMs=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CVbBU9lVQY9FLx4r2A9ol5LNZtvYbDYk2WJZ+h88qhfx6v/x4L8x3fagrQ8GHu/NMDMvkJxp47rfTmFldW19o7hZ2tre2d0r7x80dZIqQhsk4YlqB1hTzgRtGGY4bUtFcRxw2gqGt1O/NaJKs0Q8mLGkfoz7gkWMYGOlZhdzOcC9csWtujnQMvHmpFI7gRz1XvmrGyYkjakwhGOtO54rjZ9hZRjhdFLqpppKTIa4TzvhiEktcEy1nz3lB0/QqfVDFCXKljAoV38PZTjWehwHtjPGZqAXvan4n9dJTXTtZ0zI1FBBZouilCOToOn3KGSKEsPHlmCimD0XkQFWmBibUcnm4C1+vUya51Xvonp+f1mp3cwCgSIcwTGcgQdXUIM7qEMDCDzCM7zCm6OcF+fd+Zi1Fpz5zCH8gfP5A1mdkOM=</latexit>

This is an AM transmitter – a signal is modulated onto a cosine and
sent over the air. The communication channel between the transmitter
and receiver is noisy, so the received signal is

y(t) = Acm(t) cos(2⇡fct) + ↵w(t), (10)

where fc is called the carrier frequency, Ac is called the carrier gain
and ↵

2 is the noise power. We assume here that w(t) is additive
Gaussian noise (white noise).
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Feedback

z
�1

x[n] y[n]

y[n � 1]

↵

Feedback is a very important part of systems. How to we write the
relationship between y[n] and x[n]?

y[n] = ↵x[n] + ↵y[n � 1] (11)

= ↵x[n] + ↵
2
x[n � 1] + ↵y[n � 2] (12)

= ↵x[n] + ↵
2
x[n � 1] + ↵

3
x[n � 2] + ↵y[n � 3] (13)

=
1X

k=0

↵
k+1

x[n � k] (14)
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Try it yourself

Problem

Try drawing the block diagrams that generate the following signals:

y1(t) = 4x(t) � x(t � 3) + x(t � 5) (15)

y2[n] = x[2n � 1] + x[2n] (16)

y3(t) = 3x(t � 2) cos(440⇡t) � 4x(t)3 cos(220⇡t) (17)

y4[n] =
1X

k=0

✓
1

3

◆k

x[n � k] (18)

Try playing y3(t) with x(t) = cos(880⇡ · t) in MATLAB. What do you
hear?
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