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distance is a quadratic 
function of time!

s(t) = 1
2
gt2

g = 9.81 m/s2

This is a 1 parameter estimation problem 
  
We have to calculate an estimate of g  
from our experimental data
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Remember:  

In our hypothetical experiment 
we actually measure time as 
function of distance!

s(t) = 1
2
gt2

Solving for t gives: 

t(s) = 2s
g

g=9.81 m/s2

black points represent our data in 
absence of uncertainty in time 
measurement (model prediction for 
data points)
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Let’s turn on uncertainty  

σt=0.05s 
measured times ti are 
now random variables 

Actual measurement in 
experiment with uncertainty   

We’ll use the data set shown on 
the left, in Excel



Need column for 
uncertainty.. 

Two methods:  
- Create whole column of 
identical values 
- Refer to fixed box, with 
the one value 0.05 

We’ll do the former, for 
now
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you know how to do a 
“straight line fit”. Good! 

But time is a non-linear 
function of distance. 

t(s) = 2s
g

Make the problem linear  
using logarithms and algebra!

ln(t) = 1
2
ln(s)+ 1

2
ln 2

g
⎛

⎝
⎜
⎞

⎠
⎟

ln(ab) = ln(a)+ ln(b)
ln(ab) = bln(a)



Why can this be  
viewed as linear?

compare to

y= ax+b
and identify

b= 1
2
ln 2

g
⎛

⎝
⎜
⎞

⎠
⎟

g= 2exp −2b( )

ln(t) = 1
2
ln(s)+ 1

2
ln 2

g
⎛

⎝
⎜
⎞

⎠
⎟

Can find g from the offset b of 
the straight line

)ln(
)ln(
ty
sx

=

=



Why can this be  
viewed as linear?

compare to

y= ax+b

)ln(
)ln(
ty
sx

=

=

and identify

ln(t) = 1
2
ln(s)+ 1

2
ln 2

g
⎛

⎝
⎜
⎞

⎠
⎟

Can find g from the offset b of 
the straight line

 



ln(t) = 1
2
ln(s)+ 1

2
ln 2

g
⎛

⎝
⎜
⎞

⎠
⎟

y= ax+b
compare to

)ln(
)ln(
ty
sx

=

=

Now compute:



ln(t) = 1
2
ln(s)+ 1

2
ln 2

g
⎛

⎝
⎜
⎞

⎠
⎟

y= ax+b
compare to

)ln(
)ln(
ty
sx

=

=

Now compute:



ln(t) = 1
2
ln(s)+ 1

2
ln 2

g
⎛

⎝
⎜
⎞

⎠
⎟

y= ax+b
compare to

)ln(
)ln(
ty
sx

=

=

Now compute:

00 =→= xs σσ



Need to find uncertainties 
on 
  

from error propagation

yi = ln(ti )

σ yi
=
∂yi
∂ti

σ ti
=
σ ti

ti
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This is the case when we only fit one parameter b:

b= 1
1
σ yi
2∑

(yi −axi )
σ yi
2∑ σ b =

1
1
σ yi
2∑

ln(t) = 1
2
ln(s)+ 1

2
ln 2

g
⎛

⎝
⎜
⎞

⎠
⎟

y= ax+b

Recall:

Now we’re just doing 
linear analysis on y, x, 
with a, and b 

But a is fixed to be ½!



Compute this in parts:  







Q: Is this value consistent with 9.81m/s2

Calculate uncertainty on g ! easy!  (error propagation)

σ g =
∂g
∂b

σ b

σ g = 4exp −2b( )σ b


