Lab Away From Lab: The IOLab’s Potential for Avoiding the Space and Equipment Constraints of the
Traditional General Physics Lab ACD4
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Type: Contributed

Commercial and open-source multi-sensor instruments have become common in the marketplace. Some of these, for example
the basic tablet or smartphone, can be inexpensive but may lack features such as adequate sample rates for basic motion
experiments. Commercial products from PASCO and Vernier are being introduced with Bluetooth capability allowing a laptop,
tablet or hybrid logger to acquire data wirelessly. These products and the open-source I0OLab device offer the opportunity to
accomplish particular lessons of the general physics laboratory without the need for a physical laboratory and without an
expensive inventory of lab equipment. This paper presents the authors” use of the IOLAB with a minimal set of additional
components to replicate or slightly modify the existing General Physics laboratory exercises in our two semester sequence in
the Department of Engineering-Physics-Systems at Providence College. The potential of this approach to laboratory instruction

in traditional laboratory curricula, for distance learning or for resource constrained environments, such as rural schools in the
developing world is discussed.
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Extending the Lab in a Box as a Science Lab
The Tablet as the core of a science lab
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Science Lab in a Box — Apps
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LAB

Science Lab in @ Box — The additional items
T s T s

Multimeter

LiPo Battery Pack

60x Microscope

Stapler

Components: Capacitors, Thermistors, USB to
Alligator Cable, Alligator-terminated cables,

Magnets

Supplies: #2 Pencil, Straw, Staples, Tape, Glue,

Scrap File Folders, Wire, Foil

Total 571
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Lab in a Box

Teacher training - the critical piece

Student engagement and learning
— the ultimate goal




That was 2015 ... presented paper at AAPT College Park in 2015

In addition to the Tablet sensors and APPS, we had played with:
Tl's Sensor TAG and a bit later (beat up on) the original IOLAB

Findings: Tablet sensors and APPS.. Worried about tossing a smart phone for a projectile experiment
TI’s Sensor TAG — inexpensive ($25) BUT limited sampling rate
IOLAB — overcomes the sampling rate issue AND offers so much more than the tablet alone or the Sensor Tag



|OLAB

“Could this replace our closet-full of sensors
and loggers to effect a similar set of lessons
learned for General Physics?

And perhaps replace the physical space of
the lab or serve as a distance learning lab”
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|IOLABs equivalents Physics |

Physics | Labs Probes & Loggers IOLAB equivalent
Match the Graph v v
Freefall v v
Vector Resolution of Forces 4
Centripetal Force 4
Work and Energy v v
Conservation of Energy v v
Conservation of Linear Momenturr v 4

Ballistic Pendulum

Torque

AU

Simple Harmonic Motion
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Sample 101 IOLAB Torque

Force pooHz) @mry(N)
At:5.27579 s

t:- 1491 N —0:041N a7.87Ns s:0.11N/s(r0.18) ° Use a hinged door’ p|ace IOLAB
. W rolling in y-direction
;W\,AA\M~MI « Maintain a constant Vy while

. applying a force at R=.75M from
; the axis

s . * Force (~1.49 N) xR (0.75 m)

7.0 75 8.0 85 9.0 9.5 10.0 10.5 11.0 1.8 12.0 125

gives the torque required to
overcome the friction in the
hinges (~1.12 N-m)

W Qv & Smoothing 1+ FFT | = B Rezero sensor Reverse y-axis

Wheel (100Hz) —Ry(m) @Vy(mis) — Ay (m/s?

At:5.27878 s
W:-0.145m/s — 0:0.012m/s a-0.77m s:0.00 m/s? (% 0.01)

7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 1.5 12.0 125
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LAB

Sample 101 IOLAB Torque

Force pooHz) mFy(N)

At:1.89299 s
p:4.395N —0:0.50 N a:8.32 Ns s:0.15 N/s (2:0.03)
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Now, increase and hold constant
the force (~4.39 N)
[torque=4.39*0.75] and observe
the door speeding up.

Subtract friction torque from the
applied torque to get net torque.
Use the initial and final velocities
and R = 0.75m to find the
angular acceleration

Froml=1 a, extract |, moment of
inertia. Get | ~ 9.37 kg m?
Compare to I=1/3 mR? (~9.39
kg m?)
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Sample 101 IOLAB Torgue — another
alternative
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; frictional torque from the
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- e applied accelerating torque
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|OLABs equivalents Physics |

Physics Il Labs >robes & Loggers IOLAB equivalent
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Sample IOLAB RC Time Constant
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Sensors (Remote 1) Analog 7 (100Hz) [ Voltage (V)

Accelerometer

Analog 7 (100 Hz) :__
Analog 8 (100 Hz) -
[] Analog 9 (100 Hz) .
Barometer
20
Battery .
[ Digital (100 Hz) :;
Electrocardiogram (3) .
Electrocardiogram (9) .
Force o 0 10 20 30 40 S0 80 70
Gyroscope :
] High Gain (200 Hz) i A @ Smoothing | 1 FFT | + [t
Light
Haanetometer Analog 8 (100Hz) @ Vottage (V)
Microphone
Thermometer 4.0
Wheel 35
3.0
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v 1.65

time Vrc V-Vrc |0g V-V"C
2.46 0.010256 1.639744 0.21477594 RC= 28.0112 from 1/slope
2.47 0.010256 1.639744 0.21477594 22.from RC

248 0.010256 1639744 021477594
2.49 0.010989 1.639011 0.21458187
2.5 0.012454 1.637546 0.21419346 log Vrc

Export data to Excel for analysis 2o e s o | |,

2.52 0.015385 1.634615 0.21341559

253 001685 1.63315 0.21302613 02
254 0.017582 1.632418 0.21283127 0
255 001978 1.63022 0.21224616 0 )
256 0.020513 1.623487 0.21205095 0z
257 0.021978 1.628022 0.21166027 04
258 0.023443 1.626557 0.21126923 .
259 0.024908 1.625092 0.21087785
2.6 0.026374 1623626 0.2104861 08
261 0.027839 1.622161 0.21009401 4 4= -0.03574+0.298
1.8 2.62 0.030769 1.619231 0.20930876
263 0.030769 1.619231 0.20920876 12
1.6 2.64 0.032234 1.617766 0.2089156
265 0.0337 L6163 0.20852208
1.4 2.66 035165 1.614835 020812821
20160210-112308_Ana8 | Charge | Discharge ©) [
1.2 —
1 A B C ] E F G H I J K
; 1 |time Vrc Log Vrc
0.8 2 35.68 153846 0.187086 | _|
0.6 3 35.69 1.53773 0.18688 RC= 27.77778 from ljslope
4 33.7 1.53626 0.186465 22 from RC
04 5 3571 153333 0.185636
6 3572 153187 0185222 Log Vrc
0.2 7 35.73 153187 0.185222 o
0 8 33.74 1.5304 0.184805 0-2
0 10 20 30 40 50 60 70 30 g 33,75 152891 0.18439
10 33,76 152821 0.184183 ]
time 11| 3577 152674 0.183765 02 ] p T B &
12 35.78 1.52527 0.183347 04
13 33.79 152381 0.182931
14 35.8 152234 0.182512 08
15 35.81 1.52088 0.132095 -0.8
16 35.82 1.52015 0.181886 a1
17 35.83 1.51868 0.181466 a2
18 33.84 151722 0.181049 .

19 33.85 151575 0.180628
20 35.86 1.51425 0.180209
21 35.87 1.51355 0.179357

22 35.88 1.51209 0.179578 q\‘\‘ GS P
p— A
—
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Budget considerations

IOLAB for sensing/logging versus commercial probes and loggers &
meters

Probe+Logger Comparison (similar required

sensors)
Tablet-based Lab in a Box
Science Extensions ~ S22
OVl |
(Multimeter & LiPo battery)
Smart Cart Dynamics System [ (OLAB may not vet be cost
pasco smart Cart | effective in the Lab in a Box
for developing world
Vernier Bluetooth . Buto
IOLAB is very competitive
Vernier wired against commercial logger-

probe technology in
50 $100  $200 $300  $400 $500  $600 traditional lab courses.
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Future

* Planning to use IOLAB in 101 and 102 pilot sections
e Use same pre-post test for IOLAB and regular lab sections

* Will let you know the results at a future meeting
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