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Related Topics Tasks

Circuit, Resistance, Capacitance, Inductance, Capacitor, Coll,
Phase displacement, Filter, Kirchhoff’s laws, Bode diagram

Principle

A coil, a capacitor, an ohmic resistance and combinations of
these components are investigated for their filter characteris-
tics as a function of frequency. The phase displacement of the
filters is determined also as a function of frequency.

Equipment

Coil, 300 turns 06513.01 1
Resistor 1 W 5% 47 O 39104.62 1
Resistor 1 W 5% 1 kQ 39104.19 2
Capacitor (case 2) 1 pF/250 V 39113.01 1
Capacitor (case 2) 2.2 pF/250 V 39113.02 1
Connecting cord, [ = 500 mm, red 07361.01 4
Connecting cord, [ = 500 mm, blue 07361.04 4
Connection box 06030.23 1
Cobra3 Basic Unit 12150.00 1
Power supply, 12 V- 1215199 2
RS232 data cable 14602.00 1
PowerGraph Software 1452561 1
Measuring module function generator 12111.00 1

PC, Windows® 95 or higher

Fig. 1: Experimental set-up

Determine the ratio of output voltage to input voltage for
1. RC / CR networks

2. RL/ LR networks

3. CL/LC networks

4. two CR networks connected in series

Set-up and procedure

Connect the Function Generator Module to the Cobra3 unit
and set up the equipment according to Fig. 1. Connect the
Cobra3 unit to your computer to port COM1, COM2 or to USB
port (for USB computer port use USB to RS232 Converter
14602.10). Connect both Cobra3 and Function Generator
Module to their 12 V supplies. Start the “measure” program on
your computer. Select the “Gauge” “PowerGraph”.

On the “Setup” chart of PowerGraph click the “Analog In 2 /
S2” symbol and select the module “Burst measurement” with
the following parameters to enable the “Analog In 2 / S2” to
perform ac measurements. The obtained values are ac ampli-
tude values, i.e. the positive peak voltage. To obtain the effec-
tive voltage in case of sine waves the values have to be divid-

edb)'\/é.
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T = Set the channels to be recorded like this — the “Stop condi-
Cobra3 Basic-Unit - Analog In 2 /52 X| tion” “Number of values” may also be suitable:
Module f Sensor. |Elurstmeasuremenl j ceun Setings | vepiae |
Chal‘lﬂ9| seﬁings Zhannels to be recorded Start condition =
¥ G il -
Label: [UZ ﬂ 7 VOIJI:I:;L U |I<E'|' press J
" THaEer£G Stop condition
Mode: | amplitude j v i ey prass -~
Number of samples:  |256 ety sl
Sample rate: Contrall channel - [Automatcaly =l Jssn_Tjmaec 3
Caontrol channel: Frequency fi - Additionsl settings
| K v J e ¥ Sortx-data
Range: [10\' ﬂ |Frequency frg B - 7
Unit: myv | « ——-——
[ Averaging
lv Digital display

Cancel

o]

Fig. 2: “Analog In 2 / S2” settings for ac measurement

Click the “Function Generator” module and set the parame-
ters like this:

Module settings -]
|frequency ramp j

Mode of operation:

Signal settings

Signal type: \Voltage ~

Signal form: 'Sine |

Amplitude: 2000 my
|

DC-Offset 0 m

Onfoff ration: 50 %

ChannelCurrent
Label:
| Averaging
v Digital display
Channel amplitude
Label:
v Digital display

Channel frequency
Label:

v Digital display

Ramp settings

Start: 125 Hz

End: 20000 Hz

Step size: 1100 Hz i
Delay. o s

Fig. 3: Function Generator Module settings
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Fig. 4: PowerGraph settings

You may add a diagram to the display settings so as to see the
development of the curve during recording — that makes it
easier for you to decide if you have already enough values and
may stop the recording.

Y PawerGraph

SSIIJ;II sesnel KR | Diagram configure
= Digital display Channel
g 3;;:’;::J [voltage Uz ~]
58] Freguency frg fram |0 to 10 my
[ voltage U2
& =new display..» |current! -l
- [5] Analog display fom [0 to ﬁu—“ =
o =<new display..=
= =] Diagram |uff l]
Voltage U2/ Current | ,— ,—
& =<new display..»
| auta range B
K bounds
om o o [0
auta range ]
Delete display |

Fig. 5 PowerGraph display settings

1. RC / CR network:
Record curves for the following networks with the 47 Ohm and
1 kOhm resistors and the 1 pF and 2.2 pF capacitors.

s

Analog In2/S2

Function Generator *

Ul Y
+

The CR network
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1 4. Two CR networks connected in series:
—J ,_J_, Record curves for this network, e.g. C, = 1 pF, R, = 47 Ohm,
C,=2.2 JF, R, =1 kOhm:
Function Generator ~ — A_l"li:lng In 2).{ 52 | | | |
U, I
|l I -
. C1 e
+ Fum:tlur](_‘].:muramr het - R Analog In2/52
The RC network t

2. RL / LR network:
Record curves for the following networks with the 300 turn coll
and the 47 Ohm resistor:

1

— -
Functiog (?cnerator "_:' % Analog In 2/ 52
+

The RL network

FunctioE (ienerator :_" Analog In 2/ S2
’ »

+

The LR network

3. LC / CL network:
Record curves for the following networks with the 300 turn coil
and the 1 pgF and 2.2 pF capacitors:

T

—— AnalogIn2/52

Function Generator
U1 )

+

The LC network

|
| +

Analog In2/S52

Function Generator
—~
U1 ,

+

The CL network
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Two CR networks in series

Plot the ratio output to input voltage for the recorded curves
using the “Channel modification® function. The results may
look like this:

N |

|—>!— Ratio output to input voltage

0,54
0 , , , > 19
0 2000 4000 6000 Hz
Fig. 6 : Two CR networks in series
U
mV
1 —¥— Ratio output fo input voltage
S . 1]
1 1 1
5000 10000 15000 20000 Hz

Fig. 7 : LR networks

4 —— Rafio aufput o input CL s
—#— Rafio oufpui to input LG«

0 - o TG
0 5000 ioo00 Hz
Fig. 8: LC and CL network
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Theory and evaluation
The voltage U on a capacitance C with charge

0 - [ 10 &
o

is
0]
Uz (t) = —.
() = =5
. o dQ
The voltage on the resistance R is with current [ (1) = o
do
Ug(t)=R-1(t)=R— .
r(1) (1) o
t
U(t) = Ug(t) + Uglt) = % + R% = U, cos (w - t).

for a resistor and a capacitance in series connected to an ac
voltage source. Differentiating this equation yields

—+ R— = —w-U;sin(w-t).

This differential equation has the solution
I(t)y=1I,cos(w-t+ ¢)
with

1
w-CR

tan (¢) = =0

i.e. the current is ahead of the voltage and

Uo

Ve (Gte) |

The voltage on the resistor is Ug = R - I (f) and for the ampli-
tudes is the ratio output to input in the case of a CR filter then

l(0=

R- Iy R 1

/ 1 1

IR+ —— 1+ ==
N w?C? N w® C?R?
which is low for low frequencies and reaches one for high fre-
quencies, i.e. the CR filter is a high pass filter.
The voltage amplitude on the capacitor is with the impedance
of the capacitor

- 1 U,
R~ = =
CTw-C Iy
U
Ucn = T 0 1
@ ONR TG

so the ratio output to input is then

Yoo 1
Uo Vo2 C2R? + 1

4 24409-15

wich starts for low frequencies at one and drops to zero for
high frequencies like 1, i.e. the RC filter is a low pass filter.

2. RL / LR filter:
Inductance L and resistance R are connected in series to an
ac source

dl
U(t)=Upcos ()= R-1() + L -

This differential equation has the solution

I(t) = Lcos(w-t + o)

with
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i.e. the voltage is ahead of the current.

The voltage on the resistoris Ug = R - I (f)
and for the amplitudes is the ratio output to input in the case
of a LR filter then
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which is one for low frequencies and reaches zero for high fre-
quencies, i.e. the LR filter is a low pass filter.

The voltage amplitude on the inductance is with the imped-
ance of the coil
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so the ratio output to input is then
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wich starts for low frequencies at zero and rises to one for high
frequencies, i.e. the RL filter is a high pass filter.

3. LC / CL filter
Inductance L and capacitance R are connected in series to an
ac source

U{r}=Uocos{w-t)=¥+L% .

PHYWE series of publications « Laboratory Experiments « Physics « © PHYWE SYSTEME GMBH & Co. KG « D-37070 Gottingen




