


‘Me sukuu wɔ daabi buukuu, daabi
bobɔ, daabi anyinam, daabi kita tiefi
ho, daabi samina na ketewa nsu.’
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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

• Instruments

• Simulations

• Analytical Tools

• Reference Works



Apps



Apps



More APPs



Science Lab in a Box – The additional items
Items Cost

Multimeter $ 5

LiPo Battery Pack $ 38

60x Microscope $ 5

Stapler $ 3

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

$ 15

Supplies: #2 Pencil, Straw, Staples, Tape, Glue, 
Scrap File Folders, Wire, Foil

$ 5

Total $ 71



Time a -a v y

7.044 -0.05 0.05 0 0

7.046 -0.05 0.05 0.0001 1E-07

7.048 -0.05 0.05 0.0002 4E-07

7.049 -0.05 0.05 0.00025 6.25E-07

7.051 -0.06 0.06 0.00036 1.24E-06

7.072 -0.05 0.05 0.001515 2.09E-05

7.137 -0.05 0.05 0.004765 0.000225

7.14 -0.04 0.04 0.0049 0.00024

7.159 -0.04 0.04 0.00566 0.00034

7.162 -0.05 0.05 0.005795 0.000357

7.184 -0.05 0.05 0.006895 0.000497

7.185 -0.05 0.05 0.006945 0.000504

7.261 -0.05 0.05 0.010745 0.001176

7.274 -0.05 0.05 0.011395 0.00132

7.296 -0.05 0.05 0.012495 0.001582

7.301 -0.05 0.05 0.012745 0.001646

7.322 -0.05 0.05 0.013795 0.001924

7.38 -0.05 0.05 0.016695 0.002808

7.383 -0.05 0.05 0.016845 0.002859

7.386 -0.04 0.04 0.01698 0.002909

7.388 -0.05 0.05 0.01707 0.002944

Homemade Cart 
Rolling down an inclined table
Tablet accelerometer data
along direction of motion
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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:
TI’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



IOLAB

“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”



IOLABs equivalents Physics I
Physics I Labs Probes & Loggers IOLAB equivalent

Match the Graph  

Freefall  

Vector Resolution of Forces 

Centripetal Force  

Work and Energy  

Conservation of Energy  

Conservation of Linear Momentum  

Ballistic Pendulum  

Torque  

Simple Harmonic Motion  



Sample 101 IOLAB Torque

• Use a hinged door, place IOLAB 
rolling in y-direction

• Maintain a constant Vy while 
applying a force at R=.75M from 
the axis

• Force (~1.49 N) x R (0.75 m) 
gives the torque required to 
overcome the friction in the 
hinges (~1.12 N-m)



Sample 101 IOLAB Torque

• 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

• FromΓ= I α, extract I, moment of 
inertia. Get I ~ 9.37 kg m2

• Compare to I= 1/3 mR2   (~ 9.39 
kg m2)



Sample 101 IOLAB Torque – another 
alternative

• Use gyroscope and force sensors 
on a freely swinging door 
applying constant force and 
observing linear changing Ω
(rad/s). 

• This gives a torque and a 
constant angular acceleration 
from which the moment of 
inertia can be calculated.

• Best to first observe the 
frictional torque  from the 
hinges and subtract from the 
applied accelerating torque



IOLABs equivalents Physics II
Physics II Labs

Coulombs Law   

E-Field Mapping   

Resistors in Series and Parallel 

Charging a Capacitor  

Magnetic Fields  

Faraday’s Law  

Voltmeter and Ammeter   

Standing Waves  

Double Slit Interference  

Optics with Thin Lenses   



Sample IOLAB RC Time Constant
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Budget considerations
IOLAB for sensing/logging versus commercial probes and loggers & 

meters

Tablet-based Lab in a Box 
Science Extensions ~ $22 
(Multimeter & LiPo battery)

IOLAB may not yet be cost-
effective in the Lab in a Box 
for developing world

But
IOLAB is very competitive 
against commercial logger-
probe technology in 
traditional lab courses.



Future

• Planning to use IOLAB in 101 and 102 pilot sections

• 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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