
381THE PHYSICS TEACHER ◆ Vol. 40, September 2002

Every teacher is faced with the task of
helping students develop accurate un-
derstanding of the physics concepts
that govern the world around us.
Whether you are a beginning teacher or
a seasoned veteran, this year will pre-
sent you with many situations in which
you will be required to rethink the way
you understand many concepts you
thought you knew very well. Mark
Hughes, a physics teacher from Ana-
heim, shares such an experience with
us.

It’s a subtle nuance and one I’m
sad to say I missed the first dozen
times around.  But when the real-
ization came to me this last sum-
mer — what Newton was really
saying with his third law — I
smiled because I felt that I caught a
fleeting glimpse into the laws that
govern our world.  

One of our Modeling Physics
Workshop leaders, Mike Turner,
was nonchalantly standing in the
back of the room holding a ball
when he asked a question that
would definitely catch my attention
these days:  “What forces are acting
on the ball as it lies motionless in
my hand?”  The class quickly
spouted, “Gravity and the normal
force,” — what I know now to be a
technically correct but dangerous
choice of words.  

The class of high school physics

teachers was led to operationally
define gravity and the normal force
and, with a little coaxing, was able
to rewrite the normal force as the
force exerted by the hand on the ball
up, and the force of gravity as the
gravitational field 1 force exerted by
the Earth on the ball down.

I didn’t immediately notice the
way Mike rephrased Newton’s
third law to read “All forces come
in pairs, equal in magnitude, but
opposite in direction.”  So far,
nothing had happened in the last
few minutes that I hadn’t seen
countless times before in under-
graduate coursework — the teacher
asked a question and the students
answered with authoritative confi-
dence.  

Then something happened that
was unfortunately lacking in my
education until that point — my
professor probed a little and found
a gaping hole in my conceptual un-
derstanding.  “What is the force
that is equal and opposite the gravi-
tational field force exerted by the
Earth on the ball ?”  We adopted his
convention and said in unison,

“The force exerted by the hand on the
ball.”

Not being the type of man to
want to break our spirit, Mike 
didn’t tell us right away that we
were all dead wrong.  He simply
dropped the ball and asked a series
of follow-up questions:

“Let’s say this ball is in free fall,
what forces are acting on it?”

Now we were left with only the
gravitational field force exerted by the
Earth on the ball.

ForceEarth on Ball

And when asked “What is the
force that is equal and opposite the
gravitational field force exerted by
the Earth on the ball ?” a second
time, we faltered.  We then quickly
added the force exerted by the air on
the ball.  But the ball was acceler-
ating, so the forces acting on the
ball could not possibly be equal.
What then could it be?

Turns out that the force that is
equal and opposite the gravitational
field force exerted by the Earth on the
ball is the gravitational field force ex-
erted by the ball on the Earth.  The
ball accelerates toward the Earth,
and the Earth accelerates toward
the ball.  The forces are always di-
rected toward each other, are always
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equal, and always opposite in direc-
tion.  The equal and opposite forces
were acting on different objects al-
together.

ForceBall on Earth

We were finally on track; we saw
our misconception and quickly rec-
tified the situation when he asked
again.  Confident that we under-
stood, we exchanged glances with
each other and were ready to move
on.  Mike was patient enough to
pause though, and he asked, “Then
what is the force that is equal and
opposite the force exerted by the
hand on the ball ?”  I’m glad every-
one was feeling self-conscious at
that point, for anyone could have
seen the blood rush to my face from
the embarrassment of not knowing. 

Agent-Object Notation

Agent-object notation is the
convention I have been using to la-
bel forces in my diagrams.  Instead
of speaking of forces such as “gravi-
ty” and “friction,” the agent causing
the force is identified and the ob-
ject it is acting on is explicitly stat-
ed.  Gravity is the field force of the
Earth on the ball.  Friction would
be the parallel force of a surface act-
ing on an object.  Is this extra work?
Absolutely.  Is it an unnecessary
waste of valuable time?  Not at all.

Not only is agent-object nota-
tion useful in eliminating pseudo-
forces such as inertia and centrifu-
gal forces from free-body force dia-
grams, it provides a quick and easy
way of finding “paired forces.”

Simply interchange your agent and
your object.  For example, the grav-
itational field force of the Earth act-
ing on the ball has as its pair the
gravitational field force of the ball
acting on the Earth. The paired
force to the contact force of the hand
on the ball is the contact force of the
ball on the hand.2

ForceBall on Hand

ForceHand on Ball

If you do find that your students
manage to slip a “force of inertia”
into their diagrams, ask them to tell
you what the agent of the force is.
When they cannot come up with
an agent, they often remove it from
their diagram.

Paired forces3 are forces that act
on different objects, never on the
same.  They can be found by inter-
changing the agent and the object.
The force exerted by a man on a car
is paired with the force exerted by
the car on a man.  Those two forces
are always equal and opposite —
always.

You can eliminate forces from
diagrams if their forces cannot be
found.  Consider the horizontal
component of a projectile’s velocity.
If the students choose to adopt
your convention, they still might
mistakenly include “the force of in-
ertia on the ball,” but far fewer are
willing to pair that pseudoforce
with “the force of the ball on iner-
tia.”  If they agree that “the force of
the ball on inertia” cannot possibly
exist, then the “force of inertia on
the ball” cannot exist either.

The Test

I wanted desperately to believe
that my students would not suffer a
fate similar to myself, so I ques-
tioned them:  “A man is trying to
push a big rig up a steep hill, but
the big rig is beginning to overtake
him and he is slipping back down.
Is the big rig pushing on the man
harder than the man is pushing on
the big rig?”  Try this question with
your students and let me know if
they respond to you with “Of
course the big rig is pushing hard-
er!” or “The force exerted by the
truck on the man is the same as the
force exerted by the man on the
truck.” 
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Notes
1. Contact forces exist when one ob-

ject exerts a force on another only
when in direct contact. Field forces
exist where one object exerts a
force on another at a distance.

2. For a more thorough treatment of
agent-object notation, see Aronld
Arons, Teaching Introductory
Physics (Wiley, New York, 1997).

3. Paired Forces are used to denote
“3rd law paired forces” as de-
scribed by Arons.
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