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San Francisco: BART
(Bay Area Rapid Transit)

●BART serves the San Francisco 
Bay Area
●Designed as commuter rail from 
bedroom communities to cities. The 
area has since grown to have 
multiple employment centers, but 
still most of the ridership is commute 
into San Francisco.



Today's presentation

1) What physics can you do?

2) Logistics of a subway field trip.

Handouts from today's presentation can be found at

www.ShopInBerkeley.com/science

or, “Google®” Amosslee Science



Concepts students can investigate
●Acceleration of train
●Force that causes this acceleration
●Frames of reference
●Circular motion (and banking)



Acceleration

As trains enter or leave a station, they accelerate 
with a targeted acceleration.

Too high: people get thrown.

Too low: travel times are longer.

BART's target acceleration: 3 mph/s = 1.34 m/s2



Basic methods for measuring 
acceleration

– Either:

● Measure the distance an object moves in a 
given amount of time (from rest)

– Or:

● Hang a plumb bob and use vectors to 
determine the acceleration vector compared 
to gravity.



Students need some sort of track to roll the ball 
along to help keep the ball moving straight and 
help fix the length.

Upon a signal, one student releases the ball 
while the other starts the stopwatch.

The stopwatch is stopped when the ball reaches 
the other end.

Students will often think they need to start the 
observations just as the train starts to accelerate or 
decelerate, however this is not necessary. It is 
easier to coordinate timing if one student gives a 
signal rather than trying to both match the initial 
“bump” of the train.
Ask students why this is so.

A shelf bracket trackA shelf bracket track Concave board track

Distance v time:
Rolling a ball



Equations:
x = (½)at2 + vit + xi

Re-written to solve for acceleration:
a = (x-xi -vit) / ((½)t2)

In our “train-ball” system, what we are measuring is 
the apparent acceleration of the ball, so:

x-xi is the length of the track.
Vi = zero (the ball's velocity relative to the train)

Thus:
a = 2 • length / t2



Using force to measure acceleration

● Hang a plumb bob and use vectors to 
determine the acceleration vector compared 
to gravity.



Using a protractor and a plumb 
bob, students can record the 
angle of the bob as the train 
accelerates.

Students will find angles in the 6-9° range, 
so their error can be 10-20%.

Discuss with students the advantages and 
disadvantages of different methods of 
measuring acceleration.



Forces:
There are two forces on the bob as 
the train accelerates:
Gravity and the string.
Since the net acceleration of the train is 
horizontal, the sum of the force of gravity 
and the string must be horizontal.

Fnet = Fgravity • tanθ

The angle the string show on the protractor 
is similar to the angle in the vector addition 
triangle.



Since the mass of the bob appears in both force 
measurements, it can be cancelled out.

And:
mbob• anet = mbob• agravity • tanθ

anet = agravity • tanθ









Frames of reference
The rolling ball experiment lends itself to a discussion of 
frames of reference:

What we observe in the train is that the ball suddenly starts 
accelerating. From the frame of reference of the train, the 
ball has acceleration.

But if we could step outside the train and stand on the 
ground, we would notice that the ball, once released by the 
hand, is moving at a constant velocity, and it is the train 
around it whose speed is changing (where's the force: The 
wheels are applying a force to the ground).



More Frames of reference

Ask students to observe and discuss relative motion of:

●People on the train vs. people in the station.

●People on the train vs. cars (especially if the train goes 
down the middle of a road/freeway).

●People on the train vs. other people on the train.



Circular motion and banking
● By measuring the acceleration perpendicular to the motion 

of the train, students can measure the radius of a curve
● To calculate the radius of a curve, you will need to know 

how fast the train is moving.
– Some trains have a speedometer that is visible from the front 

car. If you can find the speed of the train:
● Centripetal acceleration= v2/r
● Therefore, calculated a = v2/r

● If you can get a map showing the curve, students will see 
their result is a longer radius curve than reality. This 
introduces/reinforces the concept that banking a turn 
decreases the experienced rotational acceleration.



Logistics
● Ask your transit system about student discounts. Many  

systems charge 16+ year olds full adult fare, but if on a 
school field trip they can pay youth fare.

● Is there a “reverse commute” direction? If so, start with it 
(especially for early morning classes).

● Plan, plan, plan. Public transit generally runs on time, but 
have a back up plan. If you’re planning on going 6 stations 
out and back, be ready to only 4 or 5.

● Think about which stations have a central platform versus 
one you have to go up and down stairs. Make it hard for 
students to get lost.




