IE1206 Embedded Electronics

PIC-block Documentation, Seriecom Pulse sensors

I, U, R, P, serial and parallell
Pulse sensors, Menu program
e Start of programing task

Kirchhoffs laws Node analysis Two ports R2R AD

Two ports, AD, Comparator/Schmitt

Lel pP=>»| Le2

Le3 p=»| Ex1 |=>| KC1 LAB1

Led Ex2

Le5 |=>»| Ex3 P> KC2 LAB2

Le6 P> Ex4 P> Le7 P> KC3 LAB3
Le8 |=>» Ex5 [|=>»| Le9

Ex6 p=>»] Lel0 |=>»| Lell p—> KC4 LAB4
Lel2 =1 EX7 p—> Display

Lel3 >| Written exam

Transients PWM
Step-up, RC-oscillator

Phasor joo PWM CCP KAP/IND-sensor

LC-osc, DC-motor, CCP PWM

LP-filter Trafo

e Display of programing task

Trafo, Ethernetcontact
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Voltage divider formula

Voltage
Divided Total division
f Voltage Voltage,__facmr

F
U 4() F:I-1 +|'I'_‘:I2 1':'0"'2[:][:]
e
12V
20000 Ri+F, 100+200

S

According to the voltage divider formula you get a divided voltage, for example U,
across the resistor R, by multiplying the total voltage U with a voltage division
factor. This voltage division factor is the resistance R, divided by the sum of all the
resistors that are in the series connection.
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Unbalanced Wheatstone bridge

Points A and B are approximately

at half the battery voltage. A is 501 4
closer to "+ pole" and B is closer to N <
"-pole.” The difference U,g can be B Ug YNA
: . . 1ov( | J] K- -
measured with a sensitive millivolt
501 Q

meter connected between A and B.
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Unbalanced Wheatstone bridge

Points A and B are approximately at
half the battery voltage. A is closer to
"+ pole" and B is closer to "-pole.” The
difference U,g can be measured with a +
sensitive millivolt meter connected 10V C
between A and B.

U, =lo—>CL \do
499 + 501,
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Unbalanced Wheatstone bridge

Points A and B are approximately at
half the battery voltage. A is closer to
"+ pole" and B is closer to "-pole.” The
difference U,g can be measured with a +
sensitive millivolt meter connected 10V C
between A and B.

U, =lo—>CL \do
499 +501.

Why has the resistors values 501 and 4997
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|l oadcell =+

’ L Y

Industrial scales. Two strain gauges on the top of a beam increases from
500 to 501. Two strain gauge on the bottom of a beam decreases 500 to
499.

The gauges are connected as a Wheatstone bridge. The unbalance
voltage is a direct measure on the force F (or if it’s a scale F =mg).

Strain gauges ROFER

: -« Principle strain direction

J5

-10 EXCITATION 1| 1L
-SENSE 2 1]

-SIGHAL 3
+SIGHAL 4

+10 WV EXCITATION S E
+SENSE &
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Potential (7.1)

. d
I~
A voltage divider cosists of o = -
three resistors R, = 100 Q, R, R BT K
=110 Q, R, =120 Q, they are ., <> AR |
connectedtoaemf E=12 V. - |
wonl] !

various sockets on the the voltage divider.

\Voltmeter negative terminal is all the time connected to the
socket b, ground, while the positive terminal of the voltmeter
In turn connects to the a, b, ¢, and d. What does the voltmeter
show?

William Sandgvist william@kth.se



Potential (7.1) _?

~
R, I
1009}0/ — T4
+ /
E <> R, - \/
12V 1100 /b
oy - -
R, e
120 Q
la _ _ _ _

Socket | a) b) C) d)

\Voltmeter
[V]
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Potential (7.1)

1™ -
-U,, =-12 120 =-4,37
100+110+120 10519 .
" [
AN
12V 11001 7y
F._ |
R3
120
Q_l_ )

Socket | a) b) C) d)

\Voltmeter
-4 37
[V]
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Potential (7.1)

1™ -
-U,, =-12 120 =-4,37
100+110+120 10519 .
" [
AN
12V 11001 7y
F._ |
R3
120
Q_l_ )

Socket | a) b) C) d)

\Voltmeter
-4 .37 0
[V]
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Potential (7.1)
l\d

U, =-U, =—12— 20 _ 437
100+110+120 10519 .
110 ¥ o
U, =12 —4 12EV <> R, ||
100+110+120 1109} b,

R3

120
QT )

Socket | a) b) C) d)

\Voltmeter
-4 .37 0 4
[V]
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Potential (7.1)
l\d

Uab — _Uba =-12 120 =4
100+110+120 10519 .
' [l
~ 110 4 E <> .
cb = - 12V ol | —~
100+110+120 1100 b
F._ |
R3
20
_gp l00+110 _, oo
100+110+120
Socket | a) b) C) d)
E(‘;]"me"” -4,37 0 4 7,64
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Kirchhoff's voltage law (5.3) Ujj

] ’
LB e
X + - T 7 —
+
1,3V<> u="? 0,40
050  08q L~
g e I
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Kirchhoff's voltage law (5.3) Ujj

] ’
Lol e
X + - T 7 —
+
1,3V<> u="? 0,40
05  08Q -
—
— F — F
| = L3 =0,27
15+1,6+0,4+0,8+0,5
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Kirchhoff's voltage law (5.3) Ujj

] 1.5Q 1,6 Q
Lo
X T — + 7 —
+
1,3V U=? 0,40
05  08Q -
L
i 13 o7 Uos=05:0,27=014
15+16+0,4+08+05 U,, =15-0,27 =0,41
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Kirchhoff's voltage law (5.3)

] 1.5Q 1,6 Q
Lo
X T — + 7 —
+
1,3V U=? 0,40
05  08Q -
L
i 13 o7 Uos=05:0,27=014
15+16+0,4+08+05 U,, =15-0,27 =0,41

=-014+1,3-041=0,76 V
eller U = 0,27-(0,8+0,4+1,6) = 0,76 V
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Kirchhoffs current law (5.1)

Can you guess the currents?

’IE:&
L= 5A h 1
L= 25A £ 10
;= 25A C)
,= 5A I, 3 D 20
200 202
I, +1,=10

L=+l =13
Parallel circuit, OHM’s law: 1,-2 =1,-(1+2//2) = 1,=1;, =10/2=5
L=L+l; = I,=13=5/2=25
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Kirchhoffs current law (5.2)

10 A
-

Now we must calculate ! \ [

E Bl

O a [

ERW 200

j =262Q E=R.-1=26210=262V

(820,
82)

Lo
(

E
|, = Vi —655A l,=1-1,=10-655=345A
 _E-6:1, 262-3456 _55_, ., 55 _ s n

? 8 8 g o2 7
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a) Ug, =7

L I
1 3
-l
/
b) 1I,=? 2
R']
+

c) 1,=7
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Kirchhoffs laws? (6.3) “&-

a) Ug, =7
b) 1,=7?
C) |1:’7
18 +1;18=0

=18V (E,)

w ([
18V £

,=-18/18=- 1A

12V
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Kirchhoffs laws? (6.3) -

a) Ug, =7

b) 1,="7

18 +1,18=0

=18V (E,)

18 +61,-12=0
,=(12-18)/6= - 1A

h +<>

+
18V E, C
12V

,=-18/18=- 1A
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Kirchhoffs laws? (6.3) -

a) Ug,=? =18V (E) L
b) 1,=?  18+6l,-12=0 &
,=(12-18)/6= —1A R
E1+ 6 Q RE
C) |1:? 18V<>E +<> 180
18 +1,18=0 1,=-18/18=- 1A 12V

I, +1,+1,=0

L=-L-1;=-(-1)-(-1)=2A
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Kirchhoffs laws? (6.3) -

a) Ug,=? =18V (E) L
b) 1,=?  18+6l,-12=0 &
,=(12-18)/6= —1A R
E1+ 6 Q RE
C) |1:? 1BV<>E +<> 180
18 +1,18=0 1,=-18/18=- 1A 12V

|1 + |2 + |3 =0
_ _ _ That E, Is an i1deal emf
=== l3 == (1~ 1= 2A |iswhat simplifies the
calculations!
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Node analysis

j tU-
A B
—>— — (U=IR

potentials potentials

UA-< >—UB

— —_ I = =
‘ O-potential R R
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Or with node analysis (7.3) L

/ /3

L+, +1,=0 I, =—1,—I, -
E, =18V ";1

s=— (E,- O)R,=-18/18 . + s (g,
=-1A mv<:>EEK:> %}mg
l,=-(E;-E,)/JR,=-(18-12)/6 = 12V

=-1A i
===l =-(1)-(-1)= 2A =
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Batteries In parallel (4.4)

Three similar batteries E = 10 V and ﬁ ﬁ ﬁ P oo
the internal resistance 6 Q are 60 6Q 6 Q '
parallel-connected to deliver current  1ov 10V 10V
to a resistor with resistance 2 Q. +<> +<> +<>
a) How much will current I and

terminal voltage U be? + .

2Q U

™
L

The three internal resistances 62 have common voltage in both ends, and is
thereby effectively paralleled. R, =6/3=2Q.1=25Ao0ch U =5V.

J'.=? =
\BQ 6 () 6 Q0 . 6/3=2C F=2,5 A
+

2Q =5V
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One battery inserted the wrong way!

f
10V _ 2
6 Q2
_|_
10V 10V 20 U

DD

Suggestion.
Merge batteries— v

o
p—
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One battery inserted the wrong way!

LY qov _ h 10\; _,
6Q ? '
+

10V 10V 20 U v 50 U

+ +
(D ( o T iov] e

Suggestion. O ‘ o
Merge batteries— v
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One battery inserted the Wrong way!

2 2
10V 10\; [ =7
6 Q
+ iR +

10V 10V V
+ 2Q U + 20 '8
(D ( sa T iov] e
Suggestion. O —0
Merge batteries— v~

This is now a more complicated circuit that requires Kirchhoff's laws to be
solved ...
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One battery mserted the Wrong way!

2 2
10V 10\; [ =7
6 Q
+ iR +

10V 10V 20 U v 50 U

+ +
(D ( o T iov] e

Suggestion. O ‘ o
Merge batteries— v

l,—1,-1=0
10-31,+10-61,=0 < —31,-61,+01 =—20
61,-10-21=0 < OI,+61,-21 =10

1 -1 1)1, 0

~3 -6 0 ||1,|=-20

0 6 -2)(1 10
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One battery inserted the Wrong way!

2 2
10V 10\; [ =7
6 Q
+ iR +

10V 10V 20 U v 50 U

+ +
(D ( o T iov] e

Suggestion. O ‘ o
Merge batteries— v

l,—1,-1=0
10-31,+10-61,=0 < -31,-61,+01=-20 |, =278A
61,-10-21=0 < O0I,+61,—-21 =10 l,=1,94A

L1 1y (0 1=0,83A

~3 -6 0 ||1,|=]-20 U=1.2=0,83-2=|1,67V
0 6 -2)(1 10
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a) Use Kirchhoff’s two laws to set up an equation system
by which the three currents I, |, and I, can be calculated.
(You need not solve the system of equations)
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Kirchhoff law’s (6.5)

Kirchhoff current law:
h+1o+13= 0
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Kirchhoff law’s (6.5)

Kirchhoff current law:
h+1o+13= 0

25-2-1,+3-1,+60=0
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Kirchhoff voltage law (left mesh):



Kirchhoff law’s (6.5)

Kirchhoff current law:
h+1o+13= 0

—25-2-1,+3-1,+60=0
Trim up:
-2 |1+3' |2 +0- |3:—35
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Kirchhoff law’s (6.5) = ¢

Kirchhoff current law:
lh+1p+13=0
Kirchhoff voltage law (left mesh):
—25-2-1,+3-1,+60=0
Trim up:

—2-11+3-1,+0-13=-35
Kirchhoff voltage law (right mesh):
—60-3-19+6+5-13-20=10
Trim up:

0-1;—-3-1,+5-13=74
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Kirchhoff law’s (6.5)

I, +
’ lh+1p+13=0
2 6V T E;
2Q|:i[ 30 5Q|:i| —2-|1+3-|2+O-|3=—35
R R, Rs 0-1{—3-1,+5-13=74

60V

2FD Y R 1=
T 1 1 1) () (0
{2 : o}.[.ZH%}
0 -3 5 lig) |74

= o]

I3) 855
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Kirchhoff law’s (6.5)

If equationsystem is solved one gets:
,=187 1,=-10,4 1;=8,55[A].

b) What does the voltmeter at the right in the figure show (give
both amount and sign) [V]?

William Sandgvist william@kth.se



A. l:l |B

Kirchhoff law’s (6.5) ) |

- T T T a
1,=855[A] I, | + +
<
6V T E, @
5Q |
R; |
L — —
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Kirchhoff law's (6.5) |

l,=8,55[A] I, I/—®
v

6

R

\Voltmeter (U) shows
U + E3 + R3’|3 — O — U — '6 - 5'8,55 — '48,75 V
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