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1. Response Time of an Electronic Thermometer

With a Temperature sensor connected to a TI-nspire (or a T1-84) calculator, temperature data can be
measured as a function of time.

In this experiment the sensor is plunged into a Dewar Vessel of boiling water (95 = 97°C).

The temperature is then measured with a rate of 5 samples per second during 10 seconds (green points in Fig.
1, right).
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Figure 1 Temperature Response Curve of an EasyTemp-Temperature Sensor

According to Newton’s law the temperature response function &= 9(t) (Tl-nspire: f, = f,(x)) of the
sensor is delayed in respect to this Heaviside temperature step (figure 1):

f(x)=t,—(t,-t)-e™

The parameters t,, t; and k can be determined by “optical fitting” with three sliders (works with TI-

nspireCX CAS only): k = 0.31 ,t €=95°C andt_i=42°C
S

The scatter plot of the measured values (green points in Figure 1) is in quite good accordance with the
calculated function f,(x) (red curve in figure 1). Deviation may be observed in the range from 0 seconds to
0.8 seconds.

. . . 1 . .
The inverse of the parameter k is the response time 7 =— =3.3 s of the temperature sensor. During this

time the temperature signal of the temperature sensor reaches 63% of its final value.

G viron — A1
Alternatively to this type of analysis a regression analysis of —~————= 3( ) =

initial

e *" may be performed (for
environ

T1-84 and for TI-nspireCX CAS).
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Equipment : insulated e.g. Dewar vessel, boiling water,
TI-nspire CX CAS, handheld or software, Version 4.4
TI-nspire lab cradle or GoLink/EasyLink adaptor
Tl-temperature probe (Vernier)
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Figure 2 TI-nspire Start screen

Collection Setup M

Rate (samples/second) - l

Rate (samples/second): |1O ]

Interval (seconds/sample): 0.1

Duration (seconds): |10 |

MNumber of points: 101

Use Recommended Sensor Settings

[[] Strip Chart

Figure 3 Collection Setup



000 SHARING INSPIRATION
2017

T'Europe Powered by T° Europe 5

2. Evaporation Heat medical Benzine or Pentane

A precise exponential temperature decay 9= 9(t) in function of time can be obtained by eva-
poration of medical benzine from a cotton fixed pad at the measuring area of an temperature sensor.

(7% ] i - 25.0)
runl
Time —
USB connector 1800 s a
alemp ﬁ
medical Benzine 109 *C =1
or Pentane : '&
o Qstz E
/ a
/ absorbent cotton 10.0
fixation—7 =, Or cotton pad . = a Time (5) 180.0
(elastic band) k.

Figure 1 Measuring the evaporation cold of benzine or  Figure 2 Exponential Decay of the temperature on a
pentane from an cotton pad on a temperature probe cotton pad moist with benzine.

Fig. 2 shows a temperature decay from 23°C to 11°C in 180 seconds.

An even faster decay can be obtained by evaporating pentane (C.H,,) which shows a decay from 20°C
to 0°C in 150 seconds (Fig. 6).

Again this decay could be modelled by “optical fitting” of an exponential function with a constant
value added.

However this curve is analysed by a built in regression function (TI-nspire) y = a-b* with the
variables y and x (Fig. 4). The parameters a and b are determined by an internal Gaussian least
square fit algorithm. This algorithm works however only if the zero line of the exponential growth
or decay lies at y=0 (corresponds to ¢ =0°C). The zero line of the exponential function shown in

. . o
~ —
Figure 3isat 4,,,,, =-17.2°C.
:9 °c null :=17.2 Tonl e B runl templ 8 newrery B EF & E
( ) : PR P =dc01.temp1+null =ExpReg('dc!
. o B - n
reqression . X 0 20.5625) 377625 Titel Exponentiell.
&\\ f gres slider for zero line 7 205 77 RegEan |t
unction
20 2 203125 375125 a 382169
3 20.1875] 373875 b 0994511
4 20 372 = 0999923
5. 18.8125 37.0125 r -0.999962
regression coefficient 3 19,6875 36,8875 Resid -0.4544005...
_ 7 195 367 ResidTrans  [[0.0119612
measured stat.r = -0.999962 5 o318 5105
values 9 19,125 36325
10. 18,9375 36.1375
1 18.75) 3595
12 18,5625 357625
t(s 13, 18,4375 356375
0 15|O S ( ) x 14, 18.25, 3545
H 15 18.0625 352625
16 17.675 35075
1 17 6875 A, 5 ~
» aro

Figure 3 Temperature Decay from evaporating  Figure 4 Regression Data analysis in a nspire
Pentane sreadsheet
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If the corresponding data have to be fitted using this algorithm 4,.,,, must be subtracted from the
temperature values first.

Since 9

environ

is unknown a parameter “null” which is added to the temperature data is introduced.

The procedure is shown in Figure 4:

Column A contains the time data dc0O1.time with one-second-steps, column B the temperature data
dcOl.templ.

Column C shows the temperatures corrected by the “null” value. In this case the “null” value is
17.2°C.

The regression is now performed in columns C and A, the results are shown at the right of Figure 4
(columns F and G).

In a corresponding geometric application (Figure 3) the regression function (solid line) and the
measured data (columns A and B) are shown (dotted line). A slider for the parameter “null” is
introduced. If this slider is animated the regression is calculated for every k-value and the results are
represented dynamically in the geometric application (Figure 4).

A “quality factor” for the correspondence between the measured data and the calculated regression
function is the regression coefficient stat.r calculated in a regression analysis.

In the best case the regression coefficient reaches a value of 0.999962 showing a very good
correspondence between experimental data and theoretical regression function.

With a regression analysis we get a numeric (quantitative) information about the accordance of the
measured data and the modelling function. This is the net advantage over the qualitative method of
“optical fitting” only.

Equipment :

- medical benzine

- Absorbent cotton or cotton pads for cosmetic use

- Tl-nspire CX CAS, handheld or software, Version 4.4 or later
- TI-nspire lab cradle or GoLink/EasyLink adapter

- TI-temperature probe (Vernier)
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Rate (samples/second): '2 |

Interval (seconds/sample): 0.5
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| OK H Cancel
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Figure 5 Tl-nspire Start screen Figure 6 Collection Setup
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3. Discharging a Capacitor with a Resistor

An electrolytic capacitor (C =10'000 uF ) is charged with a 9-Volt-battery. Then the charging switch is

opened and the capacitor is discharged with a resistor (R =4'700 Q). The voltage across the resistor (and

the capacitor) is measured with a Vernier Voltage probe which is connected to the nspire/T1-84 calculators
with an EasyLink Interface (Figures 1, 2, 3). The following instruction to perform a regression analysis is for

nspire only.
switch
- -
U, =9 Volt C=10'000 nF
+ +
Nspire
-T N R=4.7KC voltage
battery - electrolytic resistor sensor
capacitor
-

Figure 1 Discharging Circuit

HE

cg
ac
=2
(o]
m
u
=

Figure 2 Electrolytic Capacitor (4’700 uF), Resistor
1’ 000 Q and Battery (9 Volt

-y

Figure 12 Voltage Probe and EasyLink-Interface
(Vernier)

& run1.timeBrun1.potential® =

=ExpReg('dc01 time,'dc01 vol
I 0. 6.53931|Titel Exponentielle Regression
B 01 6.52924|RegEqn  [a*b”x
. 0.2 6.51398|a 6.55888
. 0.3 6.50391|b 0.98292
. 0.4 6.49384|r? 0.9985966
. 0.5 6.47858|r -(1,989883
. 0.6 6.47369|Resid {-0.019571644988969,-0.018.,|
l 0.7 6.46332|ResidTra..|[{-0.002988453692649,-0.002. |

16 |1 5000000223517

Figure 3 Discharging and Regression Data

10.
11.

13.

14.
15.

16.

Choose “New Document” on the home screen of
the TI-Nspire (Vs. 4.4) handheld calculator.

Choose Lists & Spreadsheet”. A spreadsheet
appears (1.1)

Connect the voltage probe at one side (clips) to the
R-C-circuit, on the other side to the EasyLink or
lab cradle interface.

Connect the EasyLink mini-USB-con-nector or the
lab cradle with the TI-nspire handheld calculator.
The calculator automatically recognises the voltage
sensor and starts the measuring program

(DataQuest, 1.2)

Press the menu-key, then 1: Experiment > 7:
Collection Mode>Time Based.

Choose “Rate (samples/second)”, Rate “1 second”
for the time between the samples and 100 seconds
for the Experiment Duration. Press OK.

Charge the capacitor by shortly dipping its + pole
with the + wire of the 9 volt battery. The — pole of
the battery is connected with the — pole of the
capacitor.

Press to start the measurement. The
measurement data are written in the lists runl.time
and runl,potential.

Select the spreadsheet (ctrl <).

Write runl.time in the head-field of column A and
runl.potential in the head field of column B (Fig.
12).

. Press the menu-key and select 4: Statistics>1: Stat

Calculations>A: Exponential Regression, select
runl.time for the X List and runl.potential for the
Y List. Press OK. The regression data appear in
column D (figure 3, right).
On the Home-Page of the calculator select a graph
page.
Press the menu key. Select the “Graphs”- icon L= ,
Press the menu-key. Select 3; Graph Entry/Edit=>

X <« runl.time

5: Scatter Plot. Enter s1 .

{y <« runl.potential
Press the menu key. Select 4: Window/Zoom > 1;
Window Settings. Enter: XMin 0, XMax 100,
YMin 0 YMax 10. Press OK. The measured data
are shown (Figure 3).

Press the menu key. Select 3: Graph
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' Entry/Edit=>Type> 1: Function. Press enter. The
regression function calculated in step 11 is now
liosssssosezsay available (normally as function f1(x)).

18264 gme,dc01.voltage 1)

From the exponential regression data

y=a-b* with a~6.56 Volt and
b =0.98292 (Figures 3 and 4)

05

the time constant 7 of the discharging process can now

be calculated.

Figure 4 Voltage vs. Time: Measured Data and Press the menu key. Select 3: Graph

Regression Curve Entry/Edit=>Type> 1: Function. Press enter. The
regression function calculated in step 11 is now
available (normally as function f1(x)).

The time constant 7 of the discharging process can now be calculated.

»

f1(x)=6.558878285614-(0, 98291960321058)"‘

Because b* =e ™ 'we getInb=—k .
The time constant 7 of this discharging process can now be calculated

1 1
Inb In0.98202

s =55seconds

1
k

After 55 seconds the voltage of the discharging process reaches 37% of its initial value.

Thus the time constant is the product of the resistance R and the capacity C

7=R-C=4'700Q-10'000 . = 47 seconds

The difference to the value obtained by the regression calculation is probably due to the inaccurate value of
the capacitance oft the electrolytic condenser which normally has a tolerance of about 20%.

Equipment : 9 Volt battery, electrolytic capacitor 10’000 uF, Resistor 4’700 Q , cables
TI-nspire CX CAS, handheld or software, Version 4.4
TI-nspire lab cradle or GoLink/EasyLink adapter
Tl-voltage probe (Vernier)

o on (I
File Edit View Insert Tools Window Help o
Content Documents
. - |Rate (samples/second)
®-m8 B et - @ 181 - | 71 - .
Rate (samples/second): |2
Documents Toolbox a8
m F = ) Interval (seconds/sample): 0.5
. fi
Vernier DataQuest™ ES | Curation (seconds): 180
|g§ 1:Experiment » | 1:New Experiment Number of points: 361
£ 2.0ata > ||l Use Recommended Sensor Settings
» )
= a@mn * ‘ [[] Strip Chart
¢ a-anayze , ode
e Based 1
%;V\ew v | 6:Replay f ch1 Potential
\_E!% 6:Options v 1.Time Based
» 8:Collection Setup 2:Events With Entry
7:Send To L4
- 9:Set Up Sensors K 3:Selected Events
ACalibrate
E:Advanced Setup ’

Figure 5 Tl-nspire Start screen Figure 6 Collection Setup
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4. Pendulum
A pendulum is a weight suspended from a pivot so it can swing freely (Figure 1).

I
©:-
\ /

\ \\ ;f
\ \ /

iﬁ@ \

— 4y

massless
wire

massive
bob

A

Pendulum Frictionless Pivot Starting Apparatus  1d-Pendulum
(Suspension)

Figure 1 Pendulum: Construction

The oscillation period T is given by Galilei’s formula T =2 7 - \/: where £ is the length of the pendulum
g

(figure 9, left) and g is the local acceleration of gravity (g ~ 9.81?2}.

The oscillation can then be described by a sinusoidal

function: y =y, ~cos(a) . t) with o= %

The movement of a pendulum is measured contactlessly
with a CBR-2 ultrasonic distance sensor (Vernier/Texas

Figure 2 CBR-2 ultrasonic distance sensor .
Instruments, figure 2).

¥

Achsen
s

A A £ A A Figure 3 shows a scatter plot and figure 21 the numerical
P 3 : FL0 i results of the oscillations of a pendulum with a nearly
frictionless suspension (figure 1, left) (mass of the bob
500 g).

The TI-nspire-Software in this case delivers time values
Y- i i ¥ (runl.time, column A), the distance (runl.position,

v VoV ovo v column B), the velocity (runl.velocity, column C) and the
acceleration (runl.acceleration, column D) every 0.05
seconds (Fig. 4).

« - ‘ A

Figure 3 Oscillation measured with CBR-2

[ runt tmelErunt position]@ run velocity [ runt acceleration [ F|gures 5 and 6 show the Correspondmg scatter p|0t3_
=SinReg('dc01.time,'dc01.dist1

I 0, 0.406352 -0.591177] 0.132373|Sinusformige Regression

. 0.05 0.376796| -0.581136| 0.480766|a*sin(b*x+c)+d . . .

B o o 0543003 oz The velocity- and particularly the acceleration- plots are

A 0.15 0322228 -0.483552) 0.735495 186368 « [ .o .

5 02 oesexz 0.4163¢2) 061318 2s] - much “noisier” than the orlglnal dlstance-plot.

. 0.25 0.280269| -0.3386 0.805989 0661522

. 0.3 0.265224 -0.268437| 0.838294/{0.0012836719171498,0.0018.

Figure 4 Results and sinusoidal Regression  The reason for deterioration of these signals is their

calculation method. The velocity is calculated by finite
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differences of distance values, the acceleration by finite
differences of velocity values.

Because the relative error Ad/d of a difference
d =s, —s, is always greater than the relative errors

As, /s, and As, /s, of the original values, the difference

signal must be noisier than the original signal: the velocity
plot (Figure 5) noisier than the distance plot (Figure 4)
and the acceleration plot (Figure 6) noisier than the
velocity plot (Figure 5).

With the simple example of distance-, velocity- and
acceleration-measurements of a pendulum, students can
learn this very important fact of numerical mathematics
also known (and dreaded) in computer science (in german:
“Stellenausloschung”).

Sinusoidal regression works only with the distance data,
velocity- and acceleration data leads to an error message
(singular matrix).

Therefore it could be a good idea to measure the oscillation of a pendulum, with an acceleration sensor
(Vernier) and to determine the velocity and the distance by numerical integration. With this procedure the

signals become smoother!

Equipment: pendulum

TI-nspire CX CAS, handheld or software, Version 4.4
TI-nspire lab cradle or GoLink/EasyLink adaptor
CBR 2 distance sensor (T1/Vernier) : connected directly to the nspire

*8 Documentl - T1

File Edit View Inset To

Content

-8 s

Documents

@\nsen - 6}) @i -

==l

[Rate (samples/second)

Rate (samples/second): |20 |

Documents Toolbox

a2 .

Interval (seconds/sample): 0.05

m g o™ o=

Vernier DataQues{™ ES ‘

‘i@l‘Expenment » | 1:New Experiment

EI 2Data » | 2:Start Collection

jdg.Graph 4

Bi./\nalyze 4

B 5:view » | 8 Replay

|3 6:0ptions 3
8:Collection Setup

» LR ' :5et Up Sensors ’
E Advanced Setup ,

b

3:Selected Events

1:Time Based

2:Ewents With Entry

Duration (seconds): 10|

MNumber of points: 201
Use Recommended Sensor Seftings

[[] Strip Chart

Position

OK Cancel

Figure 7 Tl-nspire Start screen

Figure 8 Collection Setup
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5. Force Plate

Force plates are biomechanical instruments to measure the ground reaction force generated by a
body standing on or moving across them. Force plates are used in medicine and sports e.g. for
motion and gait analysis. The simplest force plates measure only the vertical component of

a force in the geometric centre of the
platform. More advanced models
measure the force in three dimensions.

Figure 1 shows a 3-d-force plate of the
swiss company Kistler designed for gait
and balance analysis (Figure 2) app-
lications. The glass plate allows simulta-
neous force measurement and photo-
graphic or cinematographic recording of
the contact surface from below.

For school applications this type of
highly professional force plates is much
too expensive. A quite inexpensive 1d-
force plate (306$) for nonprofessional
applications is produced by the US-
American company Vernier (figure 3).

This instrument can be connected to an
nspire system (computer or calculator)

Figure 2 Gait Analysis with 2 Force Plates by an USB connector and is recognized
(Kistler) automatically.

15t Experiment

Figure 4 shows a force to time diagram
of a jump from a Vernier force plate
measured with the Nspire software.
Analysing this diagram the height h of
this jump (center of mass) can be
calculated with the linear momentum
Ap and the conservation of mechanical

energy:

Linear Momentum (Impulse) :
t

Ap:m-Av:j(F—m-g)-dt

0

Conservation of Mechanical Energy :

%.m.szzm.g.h

Figure 3 Vernier Force Plate: Newtons 3rd law
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F Height of the Jump:
M t 2
HE I(F—g]-dt
AV? o.M

:.' . h: =

Figure 5 shows some measured force
: values, figure 6 the numerical
= E calculations with nspire. The numerical

0.05 t - -
Figure 4 Jumping from the Force Plate: calculation of the integral has been
performed by the trapezoidal rule

Force to Time Diagram

runi.time 5] runi.force -
dc01 force 1[i+1)+dc01 force1[i ] T T
il= Ade 01 time|i |-de01. fime|i-1
- S | | ] (acor tmels}-acor ameli-1])
0.005 839.697 i=2
0m 8§38.47
2
0.015 839,691 (@_g_gl.dcm_ﬁm[n]
0.02 839.691 h{n,m):= m
0.025 §39.691 2-9.81
| 0.03 842.285 h{249,84) 0.138419
AT |0,
Figure 5 Measured force to time | 9%prunghobe 13.8em
values pairs Figure 6 Evaluation of a jump from the force plate

Equipment: Vernier Force Plate
TI-nspire CX CAS, handheld or software, Version 4.4
TI-nspire lab cradle or GoLink/EasyLink adapter or

Configure Trigger [5) [ —

Rate (samples/second)

Select the sensor to use as trigger,

[eht:Force Plate 3500 N -]

‘Documen Toolbax

Select the type of trigger to use

[Decreasing through threshold -]

Enter the trigger threshold in units of the selected sensor. il Use Recommended Sensor Settings
0 | ] Stip Chart

Enable Remote Collection
Enter the percentage of points to keep prior to the trigger event

Isq) ]

[ okl cancei ok | Gancel

Figure 7 Force Plate : TI-nspire trigger, pretrigger and collection setup
2" Experiment
The momentum of a free falling steel-Ball (5 kg) may be measured as an integral of the force to time
diagram. Figures 8 and 9 show the experimental setup and the evaluation of this experiment.

Ball (5 kg)

e | Mass m=3kg
i Height 4=02m

Veocity

=Pz h=pi001 2
v=Fg h=I10.02 -
-0z 2l

5 s
20 cm

Momentum
kg-m

=mv=52
‘Wi .

=10N-s

[——FoamRubber Zem ]

Force Plate ategrat | F-ds=9.75 N\-\\

T 1) 0.040

Figure 8 Experimental setup Figure 9 Mathematical Evaluation
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6. R-L-C-Oscillator (Oscillating Circuit)

13

A slowly oscillating electric circuit can be realised with a 500 H-/630 H-high inductivity coil (Leybold 517
011), a 40 uF capacitor (Leybold 517 021) and a 9-Volt-battery (figures 1 and 2).

9 Volt

630 Hy 510 Q
Lﬁo Voltage

” ?&ﬁ;’; Sensor/Nspire T—
10k
O | O— —

Figure 1 Slowly oscillating Circuit (1 Hertz)

Figure 3 Damped Electric Oscillation

®

500 H 40pF
o

§17 011 s17 021

Figure 2 High Inductivity Coil (500 H)
and Capacitor (Leybold 517 011/021)

The resulting damped oscillations (figure
11) can be described by the function

U(t)=U,-e™" -cos(w-t)

for the voltage U(t). Again this function
can be evaluated by “optical fitting”.

Nspire has no data model for the
regression of this function.

Following Kirchhoff’s Voltage rule the sum of the three voltages across the coil, the capacitor and

the resistor must be zero:

Ug+U.+U =0 > R-1 + Q

Capacitanc e C

d’l

Lat
dt

—
Self Inductance

R dl

¢ Rdl 1
dt L dt L-C

dl 1 d’l

=0 differentiated: R oa+—+ L-—-

C dt?

=0

This is the differential equation of a damped harmonic oscillator with the solution

=0or
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(Thomson) .

1
2 JL-C
The voltage functions U . (t) across the resistor R andU  (t) across the inductance L can be

calculated by integration or differentiation respectively. The k —and the o — values remain the
same.

I({t)=1,-e™*" -cos(w-t)andU, = 1,-R-e™" - cos(w-t) with k ZZ_RL and o =

Analysing the damped oscillation (figure 11) the k — and the @ — values can be determined by
“optical fitting”. If one of the three electrical portions R, L or C is known, the others can be
calculated.

Equipment : High Inductivity Coil (500 Henry)
Capacitor (Leybold 517 011/021)
9 Volt battery
cables
TI-nspire CX CAS, handheld or software, Version 4.4
Tl-nspire lab cradle or GoLink/EasyLink adapter

Configure Trigger ﬁ
Content Documents
Bn-EE Fnsen - @ ol - |FF - Select the sensor to use as trigger.
Documents Toolbox
®o|o-s-n- T - ; v -
e |cht:Voltage (+/-10 V)
Vemnier DataQuest™ 2 | Select the type of trigger to use.
é@l Experimen it b | 1:New Experiment |: - i
B 500 | 2 stan Cotection Decreasing through threshold - |
1¢7 36rapn 4 Enter the trigger threshold in units of the selected sensor.
B¢ 4 Analyze b | 5Exte " . lode f ]
%5\/\&4 » | 6:Replay » Btzsa“d ch1 Potential 0
= e-options B 7:qqection Made ") samples/s Enter the percentage of points to keep prior to the trigger event.
8:Collection Setup Liration
#P 7:Send To * | o:set Up Sensors vis |1O ]
A.Calibrate .
B:Advanced Setup * |1:Triggering » Cancel
onfigure Sensor + . ;J
-
Collection Setup ﬂ
4 Document1 - TI-Nspire™ CAS Teacher Software T [Rate (samples/second) - I
File Edit View Insert Tools Win |
Content Rate (samples/second): [100 I
- B B insert - () 1 - | ) - Interval (seconds/sample): 0.01
Documents Toolhox %-Gh-72-A- 1NE Duration (seconds): 4 ]
P .
MNumber of points: 401
Vernier DataQuest™ Py |
@OulExperimem » | 1:New Experiment Use Recommended Sensor Settings
éngata » | 2:Start Collection D Stﬂp Chart
|7 3.Grapn > (. o ‘
1 sAnalyze o || . lode ] Enable Remote Collection
Gy sview + | eReplay J JElEaEET chi Potential - - §
(53 € optons '
- 8:Collection Setup 2:Events With Entry Set Delay (seconds): |0
P 7:3end To 3
9:Set Up Sensors L 3F:Selected Events —
A:Calibrate 3 4:Phatogate Timing Cancel
E:Advanced Setup , 5-Drop Cour

Figure 4 VVoltage Probe : TI-nspire trigger, pretrigger and collection setup

Alternative : We work here with a 15 Henry inductor (Digikey) and a (unpolarized!) 2.2 uF foil capacitor
instead of the heavy (and very expensive) Leybold components. This setup works with 1.5 Volt AAA battery
and produces peak voltages till +5Volts. Oscillation Frequeny 18 Hertz.
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7. Faraday’s Induction Law

If a bar magnet (length) is uniformly moved through a coil (Figure 1) a voltage is induced which depends on
the velocity of the magnet. If the magnet is not moved no voltage is induced. This voltage generated in a coil
can be measured with the voltage sensor, the EasyLink adapter and a nspire handheld calculator.

(7e] Vad |5 ' 2 000

runt

Zait
0.0%88 s | 7T

eFatenzial f
0.001V V= 0.170 m / \
0.0656 s /
=259M y \ real
5917 / ‘
I ¥4 —_— fo
a w-.w,.\\ | v
2
\ /
| !
\ /
\ /
Vo
\
\/
|~———— 0.0656 5 ——f——
-3 000|
E.@l 0 1000 Zait )

Figure 1 bar magnet in a plexiglass rod, coil ~ Figure 2 Voltage surge, real and idealised

The magnetic flux
1
o=—=-|U,, -dt
n J. ind

Can be calculated by a numeric integration
I

t.p(k,f,n):zi' Z(spmmung[Hl]ﬂpammng[i] : [zeit[r’]—zeit[:’—l])

n 2
i=k

We get
&(2,386,800) =(83.6+0.5)-10° Wh (V-s),
for the left part of the signal and
@(387,772,800) = —(82.7 + 0.5) -107° Wh (V-s)

for the right part. The magnetic flux does not depend on the velocity which can be shown with this
experiment.

For the magnetic field we get an averge value (coil A=9 cm?)

) .10 V.
g=L 8310 V'S 5 092Tesla
A 9:10 m
If we suppose that the distance between minimum and maximum value of the induction signal corresponds
tot he length of the bar magnet ( 4s =17 cm) the velocity of the magnet may be estimated to

AS 17 cm m
Ve —= 2

T At 0.0656s s
Equipment : bar magnet (Frederiksen) or Neodymium-magnet (supermagnet)
plexiglass rod (length 40 cm, diameter 2 cm)
coil (Frederiksen Nr. 4625.25)
TI-nspire CX CAS, handheld or software, Version 4.4
TI-nspire lab cradle or GoLink/EasyLink adapter
Tl-voltage probe (Vernier)
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File Edit

Content Documents

Documents Toolbox

>

dow Help

Select the sensor to use as trigger.

lch1:Voliage (+-10 V) ~|

Vernier DataQuesi™

[ 20
177 3Grapn
1B a.anayze
%g\new
| &:options
/P 7:5end To

.ioow_ Experiment » | 1:New Experiment

2:Start Collection

» | EReplay
7:Callection Mode
8:Callection Setup
9:Set Up Sensors

4 Documentl - TI-Nspire™ CAS
File Edit 2

Content

B -

Documents Toolbox

AcCalibrate

B:Advanced Setup

Teacher Softwa

Select the type of trigger to use.

0.984 v

[Decreasing through threshold - }

Enter the trigger threshold in units of the selected sensor.

ode
e Based

= |

ch1 Potential

ate
»

samples/s
uration
ris

Enter the percentage of points to keep prior to the trigger event.

[s0 1

- -
Collection Setup ﬂ

Vernier DataQuest™

»

A [Rate (samples/second) " l
2 ‘ Rate (samples/second): HOOO ]
) Interval (seconds/sample): 0.001

Duration (seconds): 2 i

G
I&O 1:Experiment

-

) 2.0ata
|7 2:Graph
| 4-anayze
By 5 view
|58 &:Options
) 7:Send To

Figure 4 Voltage Probe

1:New Experiment

2:5tart Collection

&:Replay

8:Collection Setup
i’ 9:5et Up Sensors
A Calibrate

B:Advanced Setup

: Tl-nspire trigger, pretrigger and collection setup

MNumber of points: 2001

‘ Use Recommended Sensor Settings

[C] Strip Chart

ode

, e Based chi [Z] Enable Remote Collection

Potential

1.Time ed Uevices Lab
2:Events With Entry
i 3:Selected Events
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8. Induction Pendulum

A bar magnet mountd on two helical springs oscillates vertically in a coil and induces a voltage which can be
measured. The resulting oscillation voltage consists of two modes, which can be separeted by a discrete
Fourier analysis with TI-nspire (see TI-Nachrichten 2/11, p. 19).

™, l-' -
helical spring
. -~ _.-. ~
coi ?; .'-\-'. "
(23000 windings) g Lt ol v
—NIE
¢ 4
Il s ] I.
v v "; _‘.. o
# ‘_:-:::g:::::l\;un 'T
helical spring Figure 2 right: twin mode signal of an oscillating magnet in a coil:
66 points per period. Oscillating time T=0.3235 s
N Figure 1 left: Oscillating magnet in a coil

Figure 3 power spectrum oft hie oscillation FigIUre 4 phase spectrum of this oscillation

Equipment : bar magnet (Frederiksen) with two spring mounts (self construction)
2 helical springs (Leybold)
Coil with 23'000 windings (Leybold)
mounting material (Leybold)

TI-nspire CX CAS, handheld or software, Version 4.4

TI-nspire lab cradle or GoLink/EasyLink adapter
TI-voltage probe (Vernier)

To perform this measurement proceed as follows:
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Connect the voltage probe to the coil (Fig. 1) and to the lab cradle or the GoLink/EasyLink adaptor.
Connect the lab cradle or the GoLink/EasyLink adaptor with the TI-nspire handheld or the computer
(PC/mac) switch the handheld/computer on and do these steps :

3 Documentl

Documents Toolbox

El=r # = =

Conﬁgule Trigger

Select the sensor to use as trigger.

[ch1:voltage (+/~10 )

Vernier DataQuest™ %

[é{gw_gxpenmem » | 1:New Expeniment

E’E 2Data , | 2:start Cotiection

17 z6rapn o |l

L& wanayze [ -

iy 5 view + | €:Replay

55 s optons , | 7:cotection Mods
8:Collection Setup

v

A 7Send To 9:5et Up Sensors ,

ACalibrate

File Edit

Content

Documents Toolbox

El=: = =~ =

Select the type of trigger to use.

[Increasing through threshold

Enter the trigger threshold in units of the selected sensor.

lode
, ne Based

ch Potential [o.a ]

B:Advanced Setup

ate

" ) samples/s
uration

s

1:Triggering

B
: oK Cancel

Enter the percentage of points to keep prior to the trigger event.

0] !

— | Collection Setup

IRate (samples/second)

Rate (samples/second): |2000 1

Interval (seconds/sample): 0.0005

Vernier DataQuest™

S5
\&O 1:Experiment

b | 1:New Experiment

£ 20am
Id 3:Graph
Ig 4:Analyze
B 5. view
|5 &:0ptions
P 7:Send To

» | 2:Start Collection

» | E:Replay

B:Collection Setup
3
9:Set Up Sensors

ACalibrate

B:Advanced Setup

, me Based

Duration (seconds): |.g] |

MNumber of points: 1601
‘ Use Recommended Sensor Settings

ode

[£ Strip Chart

chi Potential ] Enable Remote Collection

1:Time Based Devices: |TILabCradle| =

2:Ewvents With Entry

3:Selected Events

Figure 4 VVoltage Probe : TI-nspire trlgger pretrlgger and collection setup



00 SHARING INSPIRATION
2017
T Europe Powered by T Europe 19

9. Induction Signals generated by a free falling Magnet

A free falling magnet in plexiglass rod generates 4 induction signals in the 4 coils placed along the rod.
Because the velocity of the falling magnet increases linearly with time, the amplitude of the induction signals
does it as well. This is a experimental proof of Faraday’s induction law.

"Super-"Magnet
(Neodym) —I 10.600

Spule 800 Wdg.

Potenzial (V)

Spule 800 Wdg

Acrylalas-Rohr. . -
20 mm (Plexiglas) —0 L’;}dal#‘ig:?nn;- ¥

O U=u(t)

Spule 800 Wdg

Spule 800 Wdg. <=

-10.000|

-0.1000 Zeit (s) 0.7000

Figure 1 Plexiglass rod with 4 coils  Figur 2 free falling magnet generates 4 induction signals
=> Time Based

Equipment : Plexiglass rod length 2 m, diameter 2 cm
cylindical supermagnet (neodymium)
4 coils (Frederiksen, 800 windings)
TI-nspire CX CAS, handheld or software, Version 4.4
TI-nspire lab cradle or GoLink/EasyLink adapter
Tl-voltage probe (Vernier)

To perform this measuerement proceed as follows:

Connect the voltage probe to the 4 coils (fig. ) and to the lab cradle. Connect the lab cradle with the TI-
nspire handheld or the computer (PC/mac), switch the handheld/computer on and do these steps :

4§ Documentl - T-Nspire™ CAS Teacher Sorare . vl [ .
File Edl View Insert Tools Window Help Configure Trigger @
Content Documents
w-EE B nsert - (@) ol - |FH - Select the sensor to use as trigger.
Documents Toolbox
T ® - - - - Ich‘l:\.-“oltage (+-10V) - l
NapierDatanue st ] Select the type of trigger to use.
‘églExpeﬂmenl » | 1:New Experiment [ -
B zous | 2 start cotection Increasing through threshold - l
|77 3 Grapn 4 Enter the trigger threshold in units of the selected sensor.
B¢ wanayze » ode T |
By s view » | &:Replay 3 : Bizsed Potential 0.4
= ate
[ & optons g 7 tection Mode ) samples/s Enter the percentage of points to keep prior to the trigger event.
R 8:Collection Setup Bratis !
#P 2.send To 9:Set Up Sensors ris '-I 0l |
A Calibrate

0
e |1 Triggeiing : OK Cancel
2:Configure Sensor +
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4 Documentl - Ti-Nspire™ CAS Teacher Soforars T o [ [

File Edit View Inset Tools Window Help

Content Documents

lRate (samples/second) - }
o - = nsert - () @] - -
ﬁ E@ @ e @ = E Rate (samples/second): |2000 1
Documents Toolbox . . . i i
o = Interval (seconds/sample): 0.0005

Vernier DataQuest™ 2 ‘ Duration (seconds): |8‘ \

\é'g 1:Experiment » | 1:New Experiment MNumber of points: 1601

£ 204t Y| - 3tar Collection Use Recommended Sensor Settings

|¢7 z:Grapn o || °; ‘ [ Strip Chart

18 4. Analyze L ode
me Based .
I‘E‘E 5:View » ’ ch1 Potential

5] sontons , P - Devices: TILabCradle| =
B:Collection Setup 2:Events With Entry .

7:Send T > - :

4P 7:Send Ta 9:Set Up Sensors *|  3:Selected Events

B:Advanced Setup 3 S:Drop Count

Figure 4 VVoltage Probe : TI-nspire trigger, pretrigger and collection setup

[ Enable Remote Collection

With a measuring time of 0.8 seconds 2°‘000 measurements are performed. The measurement starts then
automatically as soon as the falling magnet induces a voltage of .4 Volts. 10% of the range before this trigger
point will also been shown after measurement.
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10. Electric Characteristics (Bulb or LED)

/ To measure the characteristics of an elect-

> . . .
+—O0— ronic/electric component, e.g. a resistor, a
o 1 cracl diode (LED) or a filament bulb, two measu-
Curert chz.corenyy  TEMeNts have to be done, one for the voltage,
rooe . .
variable the other for the electric current (figure 1).
Power Supply

_ 4 r—O0— A bulb has a positive temperature coefficient,
v —0— this means that the resistance at room tempe-

rature is much smaller than at its working

temperature.
Voltage o to Igbcradle p
Probe 2 (ch1: voltage)

e

The corresponding characteristics is a power
! function as can be shown with 2 assumptions:

—O0—>

1. The resistance R of the bulb is proportional

Figure 1 Circuit to measure Electric to the absolute temperature T of the

Characteristics filament R = v =c-T.
Alternative: Vernier Energy Sensor VES |

BTA, Variable Load VES-VL, 9 V Battery 2. Following Stefan Boltzmann’s law the
(radiation) power is proportional to the 4%

" black Body = power of the absolute temperature
! g 1,05 real Bulb
=4. 0.44
e F)=41 . x P-U-1=0-S-T* (S Surface of the bulb)
4
INTH P
c -1
0 oli >J .
) > 1° <« U® or | oc UOS

; —_—
r’,‘.n'ff 7 10.35

Figure 2 Characteristics of a Filament Bulb

Figure 2 shows the ideal (blue) and real (green) characteristics of a bulb. The real bulb values
follow fairly well a power function, but its exponent has only a value of 0.44 (gray body) instead of
0.60 (black body).

Equipment: filament bulb 6 Volts and socket E10 or an other electronic component, e.g. a LED
regulated power supply
cables
TI-nspire CX CAS, handheld or software, Version 4.4
TI-nspire lab cradle or GoLink/EasyLink adapter
Tl-voltage probe (Vernier)
Current probe (Vernier)
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e s Tenre S

= Documentl

File Edit
Content
@v?@ﬁ] @msenv@@v@v
Documents Toolbox

Es o~

Vernier DataQuest™ z |
[ o]
@8 1:Experiment * | 1:New Experiment m 0 . 979 \%
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2:Graph o (i ) o] ‘ .
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ch1 e
iy 5:view » | B:Replay * e [Roteniz] Units: |
\_E[i‘ 6:0ptions 4 - LElmeiEasad O -0097 A
8:Collection Setu
, ’ ey [[] Average over 10 s
P 7:Send To
A:Calibrate v
E:Advanced Setup v
ch2 Current

T O @ - 4 Documents - T-spire™ €A Teacher Souare T 1

File Edit

Content Documents

@ 0.981v| &-EE & B insent + (@) 1 - | -

Vernier DataQuest

A5 1 Exparment .

{20 f
Documents Toolbox

P acm . 2-|2-L-A- D
B
s : * o
Byzven ' Petertel Vernier DataQuest™ #
2 & Opons v 0.0100 a . '
A 25end To A9 1:Experiment L Bulb  Potential | Current

Eb 2:Data »
Currert jdg Graph »
jggf\natyze >

E“E‘g S5:View 3
Potential (V/
|=# e:0ptions » )
Current (A)
P 7:5end To... 3

5 Document - T Nspire™ CAS Teacher 3 Docurment] - TNepie™ GRS Tesihar Sonar . 4

File Edit View et Tools Window Help

File Edit View Insert Tools

Gontent

Content
& -EE s Bnser - (@ 01 - FE - - B|w B neer - @) 01 -| B
% ) ) ) R Documents Toolbox

El= # = «

Decuments

Documents Toolbox
® o

\Vernier DataQuest™ ES
Vernier DataQuest™ 2 runt
P run S 1Experiment > Bub |Potential | Current
¢ LEpaint 4 l I . Bulb |Potential | Current 1 2 0ms R 100 0984 0.0036
Eﬁ P R 1.00 0.984  0.0096 = 200 0989 0.0098
gear 200 0989  0.0098 ld 3:Graph N 3.00 0984  0.0038
300 0.984 0.0098 = 4.00 0.987 0.0103
3:Graph » 5.00| 0.981 0.0106|
ld 2Grep! 4.00 0987 00103 18 4:Analyze 4

5.00] 0.981  0.0106

| anayze »
s .
[ s:0ptions v

/P 7:Send To »

%E\/\ew

Potential (V)
Current (A)

Potential (\/)
Current (A)

?_3 Documentl - 'I'I-Nspire"'—CAS Teacher Software
File Edit \ i Insert Tools Window Help

Content Documents

%@ 2 A T -

Lists & Spreadsheet S ]

B 1:Actons \ # Arunl.bulb & run1.potential C runl.current |l

@:a 2Insert 3 =

135 3.0t , 1 1. 0.984282 0.00956

X 4 Statistics , 2 2. 0.989334 0.009831

Etl 5:Table » 3 3. 0.983721 0.009763
4 4, 0.98659 0.010257
3 S. 0.981476 0.010578

Figure 3 Single Point Measurement and Data Transfer to « Lists&Spreadsheet »
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11. Light Measurements

Figures 1 and 2 show two light measurements near a commercial fluorescent tube (Philips Master TL5 HO
49 W /840). A 100-Hz ripple light signal (100 lux peak to peak) which is superimposed on a 3’800 lux DC
light signal can clearly be seen. Because a relatively slow light sensor is used, a part of the DC signal might
be a result of the sensors lag.

4 4 *nsaved — 4 » *nsaved —
vl RN Dl B B 35700
run’l runl
Time Time
0.09995 s g 0.02998 s g
allluminat... g allluminat. .. =]
45 lux E 24 5 lux E
= =
3750.0 3450.0
'F) 0 Time (g} 0.10000 0 Time (&) 0.03000
Figure 1 Light Measurement 0.1 seconds Figure 2 Light Measurement 0.03 seconds

Equipment : commercial fluorescent tube
TI-nspire CX CAS, handheld or software, Version 4.4
TI-nspire lab cradle or GoLink/EasyLink adapter
TI-light probe (Vernier, ranges 0-6'000 lux, 0-600 lux and 0-150'000 lux)

4 Documentl - T1-Nspire™ CAS Teacher [ cotlection setup =)
A pr—— s

Cootant [Rate (samples/second) -]
= B nsen - () o ] 2 : Collection ==
st Rate (samples/second):. 40000 |
Documents Toolbox .
Interval (seconds/sample): 0.000025 = The sample rate exceeds the recommended

rate for the connected sensor.
I = The total number of requested points is large

[
Vernier DataQuest™ Duration (secends): 0.0

= Number of peints: 1201
!5"_5‘”""‘"‘ Hmber of points enough to impact performance, and collection

20ata 2 Use Recommended Sensor Settings may halt prematurely if available memory
12 3:6apn [ Strip Chart gets too low,
1 sanayze
2 e [C] Enable Remote Collection
B s:view Light Level
3 €:Options
P 7:5enTo

OK-~| |-~Cancel|
_—————— ————————

Figure 3 Perform a time based measurement with 1201 mesurements in 0.03 seconds




0C0

T'Europe

SHARING INSPIRATION
2017

Powered by T Europe

24



000 SHARING INSPIRATION
2017
Powered by T° Europe 25

T*Europe

12. Velocity of Sound Measurement with two Microphones

The velocity of sound is measured by an acoustic shock propagating from one microphone to another in a
distance of Al =1---2.5 meters .The resulting signals are recorded and compared. The time difference

At between two peaks is measured. The velocity of sound can now be calculated by ¢ = Al/At (Figure
experimental setup

acoustic
shock . nspire
mic 1 = lab cradle mic 2

E
E !
00057s & |
aPris 0400 |
0332  0.040 -
oFras2 : At | /
-0002 & :
[T ! \
0 i

-0.040
v 0 Zeit (3) 0.0150
,  (EE) J

Figure 1 Experimental setup for the measurement of the velocity of sound with 2 mics

Equipment : 2 Vernier mics with mounts
TI-nspire CX CAS, handheld or software, Version 4.4
TI-nspire lab cradle

Reference : Mirco Teewes ed., T° — Physik, Schiilerexperimente im Physikunterricht mit digitaler
Messwerterfassung, T° — Deutschland (2013), p.36 -41
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Measuring proceedure

Collection Setup ﬂ

4 Documentl - TI-Nspire™ CAS Teacher

File Edit

lRate (samples/second) - }

Rate (samples/second): |2500 1

Documents Toolbox Interval (seconds/sample): 0.0004
- | Duration (seconds):

Vernier DataQuest™ 3 .
= I MNumber of points: 251
@) 1Experiment ¥ | 1:New Experiment
EEI 2:Start Collsction Use Recommended Sensor Settings
2:Data 4

[ Strip Chart

127 3:6rapn o [N
B £analyze v

@ES View » | E:Replay Ji 2 el chl Sound Pressure

|=# e:options » 1:Time Based Devices LabC

8:Collection Setup 2:Events With Entry

[C] Enable Remote Collection

P 7:Send To "o set Up Sensors ' 3:Selected Events R =1
A:Calibrate i 4 Ti
E:Advanced Setup ' 5:Dro
TT (b

Meter Settings [

Documents Toolbox

El= # » =

Vernier DataQuest™ ES }

) ] [¢] Link to list: (2.g. 'runt.sound_pressure’)
l&o 1:Experiment » | 1:New Experiment
EE 2:Data iy |-StartCellection [#] Apply changes to all Data Sets

Idg:Grapn b o -
jgi:/-\nalyze * | 5:Extend Collection :.-z

%S'View » | B:Replay W = Etoierd chl Sound Pressure

te
E &:Options b 7:Collection Mode * oo
8:Caollection Setup

Color: Il Blue -
Point Marker: () Pentagon -

[ Zero l

P 7:Send To... »

9:Set Up Sensors

A Calibrate ¢
E:Advanced Setup

[ Cancel ]

Configure Trigger ﬁ

o -6 Fnser + () o] - [ - Select the sensor to use as trigger.
Documents Toolbox . . . . N _ .
P om o= ’ [ch1:M|crophone - l

Meriers Dainfhiost™ 2 Select the type of trigger to use.

Li(lglExpeﬂmem » | 1:New Experiment

zoae , | 2 start Cottection [Increasing through threshold - l

173 craph "la Enter the trigger threshold in units of the selected sensor.

1 sanayze ¥ | 5 Extend Collection @0 &) JHE

By sview N | Jepese Sound Pressure o2 |

\_)i‘ &-Options > 7:Collection Mode v 00 E X . .
& Coliection Sstup hplesis nter the percentage of points to keep prior to the trigger event.

ST " oser Up Sensors v r 7
20 |
B:Advanced Setup 1:Triggering

Figure 2 Measuring Procedure with 2Microphones : collection setup (0.1 s, 2500 samples/s / 0.015 s, 5’000
samples/s), setup sensors zero,trigger level 0.2, pretrigger 20%
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13. Radioactivity Measurements

With a Student Vernier Radiation Monitor (Geiger-Miiller-Tube) the counting rate of the y — radiation of a

weak Co-60 source has been measured in function of the thickness (0 ... 30 mm) of a lead shielding. The
measuring time was 10 minutes. In Figure 77 the corresponding 10 Se-cond-Rates are shown. If the indicated

rate is 17.93%the really measured rate is 1076% . Following Poissons statistics the corresponding
S S

measuring error is +/1076 ~ £33i.e. (1076 +33) 6010 or (17.93i0.55)%. In Figure 77 the rate, the
S S

logarithm of the rate, the maximum and the minimum rates are shown as a function of the thickness of the
shielding lead in millimeters (dicke). In figure 78 the rate and the corresponding minimum and maximum
values are shown, in figure 80 the logarithm of the rate (as a straight line). In figure 79 the half thickness

value of lead is evaluated with these data by (13.0+0.9)mm

A dicke |Erate C lograte | E ratemax|F ratemin
0 17.93 1.25358 18.4767| 17.3833
6 12.35 1.09167 12.8037| 11.8963
12 9.8 0.991226 10.2041| 9.39585
18 6.92/0.840106 7.25961| 6.58039
24 5. 0.69897 5.28868| 4.71132 ‘
30 3.8/ 0.579784 4.05166| 3.54834 1 s

Figure 1 measurements Figure 2 rate vs. time

l13v

£2(x)=-0.022- x+1.24

Half Value Thickness of Lead ' (dicke,lograte)
solvelfr(x)=0.) 129877 mean Value

solvelfelx)=9.) x=12.8511 - maximum Value

solve(r5()=0,1) »=12122  minimum Value

o 33

0.1

Figure 4 log-lin-representation

Figure 3 evaluation

Equipment : Sample holder (wood)
Co-60 source,
10 lead shielding plates (3 mm),
Aluminium-Beta-shielding (2 mm)
TI-nspire CX CAS, handheld or software, Version 4.4
TI-nspire lab cradle
Student radiation monitor (Vernier)
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Measuring Procedure

A Document T A o R
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14. Light, Brightness and Distance: L. Law

(2

In this experiment, we use a Light
Sensor to measure the illumina-
tion generated by a nearby point
light LED source as a function of
distance. We will observe how
illumination varies with distance,
and compare our results to a

1/r? mathematical model.

(Components: Optics Expansion
Kit OEK, Vernier).

Figure 1 Experimental Setup:
Track, LED Light Source,
Light Sensor, Sensor Holder

Experimental Procedure
1. Manual Measurement in 1 cm-steps with the Vernier DatQuest App of the TI-nspire CX
CAS software.
2. Data Transfer (distance, illumination) to the lists&Spreadsheet App and to the graph App of
the TI-nspire CX CAS software.

3. Data evaluation with the function y = a/(x—b)2 (y illumination in Lux, x distance from light

source to light detector) and « optical » curve fitting by means of two sliders for the
parameters a and b. Best fitting with a =3.93-10° lux-cm?® and b =-1.63 cm
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Figure 5 Preparation of a scatter plot representation of the measured data
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Figure 6 scatter plot of the measured data. Start of a new function fitting the data
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15. Dynamics Cart and Track System with Motion Encoder (Vernier)

—
il 'I|'lM"n‘m\‘.n‘.v‘.u.x.
Hinnam

LU

\s‘““
b, e e

\

Figure 1 Dynamics Cart and Track System with Motion Encoder (Vernier)

The dynamics Cart and Track System with Motion Encoder (figure 1) is a new way to study
dynamics in secondary schools (Sek 2). The motion encoder is an optical position system
similar to that of shaft encoder: A double black and white fringe pattern on the track is detected
by two photore-flective sensors on the cart and is transmitted by an infrared beam to the motion
encoder recei-ver (figures 2 and 3). The digital position signals are sent to a data interface
(LabPro, Lab-quest 1 or 2, not TI nspire and labcradle!) and are evaluated by a corresponding
app, e.g. LoggerPro 3.12).

KN
Tom jmm - —wrm’m\\\\\\\\\\\\\\\\\\\
11 mm

'lkl

Figure 3 track, cart with motion detector,
motion encoder transmitter (on cart) and
detector fixed on track (left)

Figure 2 two fringe patterns on the track
(left),
measuring principle (right)

Linear motion with constant velocity

The motion encoder receiver will be conncted to a data logger (Lab-Pro, LabQuest), the data
logger by an USB (mini/A) to a computer (PC/Mac) with loggerPro 3.12 -Software. The Cart
with decoder electronics board is moved to its starting position, the distance measurement zeroed
(Logger Pro: Versuch => Auf null stellen => Encoderwagen). With a slowly inclined track (to
overcome friction) the cart is moved with a short kick and the measurements are started (Logger
Pro: B3 s=t  figure 4).
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Blaue LED

Figure 4 track, cart, decoder receiver. The blue Led is directed to the receiver
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Figur 5 cart movement with constant velocity : position and velocity vs. Time

Linear motion with constant acceleration
The accelerated movement of the cart on a ramp (ascending slope 10 cm on the tracj length of 1
m) my be investigated in an analog way :

0.8

0.6

0.4

Position (m)

0.2

0.0 T T T T i T T T T i T T T T T T : : : : : :
0 1 2 3 4 5
Zeit (s)

Figur 6 cart movement with constant acceleration: position vs. Time

0.5+

0.0+

Geschwindigkeit (m/s)

0.5

Zeit (s)

Figur 7 cart muvement with constant acceleration: velocity vs. Time
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16. Light Diffraction Apparatus (Vernier)
wahlbare Apertur-Spalt= ol isas With this diffraction apparatus

hochempfindlicher  blenden 0.1 - 1.5 mm

Lichtsensor diffraction patterns of a variety of

\/-:;:-/Smhblemien slits, double and multiple slits with
= laser light (635 nm and 532 nm)
may be investigated and measured.
B Wi s The high precision slits, made by
Q’zgw"smesfggi N T : evaporation technique, allow quan-
Auflgsung 0.04 mm Fahrbahn ‘ “1,, titative evaluation of the diffraction
patterns and the comparison of the

Figure 1 Vernier «Diffraction Apparatus» DAK ) ) )
measurements with the intensity-

function sinz(x)/x2 of Fraunhofer’s theory. Figures 1 and 2 show the experimental setup. The light
intensity is measured with a high sensitivity light sensor the position with a linear position sensor. This
position sensor uses a precision optical encoder to measure translation with better than 50 micron
resolution. Since it is optically based, without gears or racks, it has zero backlash.

Figure 2 Experimental Setup. Left: position and intensity sensors , Right: slits-slider and laser

In order to provide excellent spatial resolution, a selectable entrance aperture (0.1 mm, 0.2 mm, 0,3
mm, 0.5 mm, 1.0 mm, 1.5 mm, open and closed) restricts the width of the pattern viewed by the
High Sensitivity Light Sensor. The light sensor has three ranges, allowing the study of fine details
or gross features of patterns.

A measurement is performed by choosing first the appropriate entrance aperture (typically 0.3 mm)
and the slit and by directing the (red or green) laser beam to the slit and the entrance aperture and
the high sensitivity light sensor. The digital position and the analog light signals are sent to a data
interface (LabPro, Lab-quest 1 or 2, not Tl nspire and labcradle!) and are evaluated by a
corresponding app, e.g. LoggerPro 3.12). The measurements are started (Logger Pro: 83 seten ),
The position sensor is then moved slowly over a distance of 15 cm in 30 seconds whereby the
diffraction pattern is detected digitally.

L_‘ 0. - 1348 B8.15 o1
Intensitat
13,48 %
Position -

-66,51 mm - eston o ©

Figure 3 measurement of a diffraction (double Slit, b=0.08 mm, a=0,5 mm) with LoggerPro 3.12
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Theory

The theory of optical diffraction is treated in Max Borns « Optik » (1932, p,154 ff). For the
diffraction at a rectangular slit (width 2- A, height 2-B) he finds :

’ :(Z-A- BT _[sin(k-a-A)T -[sin(k-b~ B)jz, Born, Optik, S, 157

A k-a-A k-b-B

The central function for the local distribution oft he intensity of light is sin®(x)/x? . For the
corresponding function of the double slit sin®(x)/x? is the envelope which is modulated by a
cos? (X)/X2 function oft the distance oft he two slits.  https://de.wikipedia.org/wiki/Doppelspaltexperiment

2

. (k .
sm(z-b-sma) K
I(a)=1,- k—-cos(z-a-sinaj

—-b-sina
2

1.1ly

I, intesiy of the central peak

k wavenumber 2-7/2

a central distance of the two slits
b

0.05 . . .
: width of the two single slits

1 10

s 02
. . sin“(x)
Flgure 4 The function XZ d distance slit — screen

10 0.1

a angle with tane =§
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lambda: =6 356-7 © 635 Nanometer 6.35E-7

©Wellenzahl k
1.1y
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2

Figure 6 f,(x) (TI-nspire CX CAS)

2
K '
—-b-sin

tan™

X

tan™

Figure 5 plot of the calculated intensity distribu-
tion f,(x)(Tl-nspire CX CAS)

2Zm 1 9.89478€E6

a:=2.5-4 © Spaltabstand 0.25 mm 0.00025

bi=4€-5 © Spaltbreite 0.04 mm 0.00004
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