1.2 List of strategies

This section contains a list of all the problem-solving strategies I can think of. The list is long,
so there is certainly no need to memorize it. It would be a step backward if you spent your time
worrying about covering all of the strategies, when you should instead be thinking about actually
solving a problem. The best way to use this list is to read through it now, and then occasionally
refer back to it, especially if you get stuck.

You will inevitably apply many of the strategies without even trying to. But others in the
list might seem like meaningless gibberish for now; we’re not applying them to any problems
here, so there isn’t much context. However, if you refer back to the list when solving problems,
a given strategy will mean much more if it helps you solve a problem.

Different people think differently, of course. Some strategies might work for you, while
others might not. In the end, there’s no overall magic bullet for solving all problems. It just
comes down to practice and doing lots of problems. But the strategies listed below should help
make the practice more efficient. We’ve divided them into five categories: (1) Getting started,
(2) Solving the problem, (3) Troubleshooting, (4) Finishing up, and (5) Looking ahead.

1.2.1 Getting started

The following nine strategies will help you get started on a problem. They don’t require too
much thinking; they’re standard mechanical things that you can do on auto-pilot.

1. Read the problem slowly and caretully

There’s no better way to waste time than to read a problem quickly in an effort to save time. If
you miss a piece of the given information, you’ll end up just spinning your wheels, trying to
solve an unsolvable problem.

There is famous statement about the existence of known knowns (things that we know we
know), known unknowns (things that we know we don’t know), and unknown unknowns (things
that we don’t know we don’t know). Leaving firmly aside who made the statement and why,
you might wonder about the fourth permutation: the unknown knowns. What might those be?
Well, one thing that certainly falls into this category is the information you miss when you read
a problem too quickly. The information is certainly known, but you just don’t know that you
know it!

2. Identify the things you know, and the things you are trying to find

Identifying the known quantities enables you to see what you have to work with. And identi-
fying the unknown quantities enables you to see what you’re aiming for, which gives you some
guidance in thinking about what physical principles you should consider (Strategy 10 below). Of
course, as mentioned in Strategy 1, identifying the things you know requires reading the problem
carefully!

The “knowns and unknowns” reference in Strategy 1 is relevant here too. We mentioned
there that you want to avoid unknown knowns. You also want to avoid unknown unknowns.



These are things you're going to need to find, but you don’t know yet that you need to look for
them. It’s much easier, of course, to reach a destination if you know what that destination is. So
do your best to make sure you know what all of the unknowns are. Basically, try to make sure
everything is known — even if it’s (an) unknown!

3. Draw a picture

Draw a nice big picture, one where you can label everything clearly. Make a note of which quan-
tities you know, and which quantities you're trying to find. Although a small set of mechanics
problems involve doing only some math, the vast majority involve a setup that you really need
to visualize in order to get anywhere. A picture makes things much more concrete.

4. Draw free-body diagrams

A special kind of picture is a free-body diagram. This is a picture where you draw all of the
external forces acting on a given object. As with a general picture, make a note of the known and
unknown quantities. Free-body diagrams are absolutely critical when solving problems involv-
ing forces. More precisely, they are necessary, and nearly sufficient. That is, many problems are
impossible if you don’t draw the free-body diagrams, and trivial if you do. Often the only thing
that remains to be done after drawing the diagrams is to solve some F = ma equations by doing
some math. The physics is all contained in the diagrams. See the introduction to Chapter 4 for
further discussion of free-body diagrams.

5. Strip the problem down to its basics

]”

Some problems are posed as idealized “toy model” problems, for example a point mass colliding
with a uniform stick with negligible thickness. Other problems deal with more realistic setups
that you might encounter in the real world, for example two skaters colliding and grabbing on to
each other. When dealing with the latter type, the first thing you should do is strip the problem
down to its basics. If possible, reduce the problem to point masses, sticks, massless strings, etc.
Many real-life problems that look different at first glance end up being the same when reduced
to the underlying toy model. So when you solve the toy-model version, you’re actually solving
a more general problem, which is a good thing.

Of course, you need to be careful that your toy model mimics the original setup correctly.
For example, simplifying an object to a point mass works fine if you’re using forces, but not
necessarily if you're using torques. Your goal is to simplify the setup as much as possible without
changing the physics. It takes some thought not to go too far, but this thought process is helpful
in solving the problem. It helps you decide which aspects of the problem are important, and
which aspects are irrelevant. This in turn helps you decide which physical principles you need
to use (Strategy 10 below). Along these lines, if the original real-life setup is one for which you
have some physical intuition, remember to use it when you start dealing with the toy model!

6. Choose wisely your coordinate system or reference frame

There are always only a couple of reasonable coordinate systems and reference frames to choose
from, but a particular choice may greatly simplify things. For example, when dealing with an
inclined plane, choosing tilted axes (parallel and perpendicular to the plane) is often helpful. And
when dealing with circular motion, it is of course usually best to work with polar coordinates.
And when two (or more) objects are moving with respect to each other, it is often helpful to
analyze the setup in a new reference frame (the CM frame, or perhaps a frame moving along
with one of the objects).

Part of choosing a coordinate system involves choosing the positive directions for the co-
ordinate axes. This is completely your choice, but you must remember that once you pick a
convention, you must stick with it. It’s fine to let downward be positive for a falling object; just
don’t forget later on in your solution that you’ve made that choice.



7. Identify the Initial and final states of the system

This is especially important in problems involving conservation principles (conservation of en-
ergy, momentum, angular momentum). In many cases, you can ignore the specifics of what
happens during a process and simply equate the initial and final values of a particular quantity.

Another class of problems is “initial condition” problems. If you’ve calculated a general
expression for, say, an object’s position involving some unknown parameters, you can determine
the values of these parameters by invoking the initial conditions (usually the initial position and
velocity).

8. Identify the constraints

[s an object constrained to lie on a plane? Or travel in a circle? Or move with constant velocity?
Is the system static? In the end, a constraint means that you have one fewer unknown than you
otherwise might have thought. For example, if an object lies on a plane inclined at angle @,
then its coordinates are related by y = xtan@. So if you choose x as your unknown, then y is
determined.

9. Convert numbers to letters, so that you can solve things symbolically

This strategy is extremely helpful and very simple to apply. It is discussed in depth in Sec-
tion 1.1.1 above, where its many benefits are noted.

1.2.2 Solving the problem

Having taken the above mechanical steps, it’s now time to start thinking. There’s no sure-fire
way to guarantee that you’ll solve every problem you encounter, but the following five strategies
will certainly help.

10. Identify the physical principles Involved

Think about what physical principle(s) will allow you to solve the problem. The most funda-
mental principles in mechanics are /' = ma and T = [« (or more accurately I = dp/dt and
T = dL/dt), and conservation of E, p, and L. A given problem can invariably be solved in multi-
ple ways. For example, since conservation of energy can be derived from F' = ma, any problem
that can be solved with conservation of energy can also be solved with ¥ = ma, although the
latter solution may be more cumbersome.

In addition to the overarching fundamental principles listed above, there are many other
physical principles/facts that you may need to use. For example, the radial acceleration is v2/r
(Eq. (3.7)); vy = 0 at the highest point in projectile motion; the energy of an object that is both
translating and rotating consists of two terms (Eq. (7.8)); Hooke’s law for a spring is F' = —kx
(Eq. (10.1)); Newton’s law of gravitation is an inverse-square law (Eq. (11.1)); and so on.

11. Convert physical statements Into mathematical equations

Having identified the relevant physical principles, you must now convert them into mathematical
equations. For example, having noted that the horizontal speed in projectile motion is constant,
you need to write down x = (yg cos #)t, or something equivalent. Or having decided that you
will use I = ma to solve a problem, you need to explicitly write down the F, (and maybe F, and
I;) equations, which may involve breaking vectors into their components. Or having decided to
use conservation of energy, you need to determine what Kinds of energy are involved, and then
equate the initial total energy with the final total energy.



12. Think Initially In terms of physical statements, rather than equations

It is important to first think about the physical principles, and then think about how you can
express them with equations. Don’t just write down a bunch of equations and look for ways to
plug things into them. The initial goal when attacking a problem isn’t to write down the correct
equation; rather, it’s to say the correct thing in words. If you proceed by blindly writing down
all the equations you can think of that seem somewhat relevant, you might end up just going
around in circles. You wouldn’t try to get to a certain destination by randomly walking around
with the hope that you’ll eventually stumble upon it. And that strategy doesn’t work any better
in problem solving!

13. Make sure you have as many facts/equations as unknowns

If you are trying to solve for three unknowns and you have only two equations/facts, then there’s
no way you're going to be successful. Along the same lines, if you’ve identified an unknown but
haven’t incorporated it into any of your equations/facts, then there’s no way you're going to be
able to solve for it. If you can’t think of which additional physical principle to apply to generate
the necessary equation, it’s helpful to run through all of the given information and think about
the implications of each bit.

14. Be organized

Sometimes you can see right away exactly how to solve a problem, in which case you can fly
right through it, without much need for organization. But unless you’re positive that the solution
will be quick, it is critical to be organized about the other strategies in this list, by explicitly
writing things out. For example, you should write out the knowns and unknowns, as opposed to
just thinking them. And likewise for the physical principles involved, etc. There’s no need to
write a book, but some brief notes will do wonders in organizing your thoughts.

1.2.3 Troubleshooting

In many cases the preceding strategies are sufficient for solving a problem. But if you get stuck,
the following thirteen strategies should be helpful.

The following three strategies are bread-and-butter ones.

15. Reduce the problem to an intermediate one

Equivalently, work backwards. Say to yourself, “I’d be able to get the answer to the problem if
I somehow knew the quantity A. And I’d be able to get A if I somehow knew B.” And so on.
Eventually you’ll hit a quantity that you can figure out from the given information. For example,
you can find the distance x traveled by a projectile if you somehow know the time ¢ (because
x = (vpcos 8)¢). So the problem reduces to finding . And you can find ¢ by (among other ways)
noting that at the top of the projectile motion (after time ¢/2), the y component of the velocity is
zero, so vgsinf# — g(t/2) = 0.

As an analogy, if you can’t remember how to get to a certain destination, you're still in luck
if you remember that it’s just north of a park, which you remember is a few blocks down a
certain street from a statue, which you remember is around the corner from a school, which you
remember how to get to.

16. Exaggerate/change the parameters to understand their Influence

This is basically the same as checking limiting cases of your final answer (Strategy 28 below,
discussed in detail in Section 1.1.3). However, there is no need to wait until you obtain your final
answer (or even an intermediate result) to take advantage of this extremely useful strategy. Your
intuition about extreme cases is much better than your intuition about normal scenarios, so you



should use it. Once you see that a certain parameter influences the result, you can hone in on
how exactly this influence comes about. This can then lead you to the relevant physical principle
(Strategy 10).

17. Think about how the various quantities (known or unknown) are related

The task of Strategy 10 is to identify the relevant physical principles. This will yield relations
among the various quantities. If you’ve missed some of the principles, it might be possible
to figure out what they are by thinking about how the various quantities relate. For example,
consider a mass on the end of a spring, and let’s say you pull the mass a distance d away from
its equilibrium position and then let go. It is intuitively clear that the larger 4 is, the larger
the mass’s speed v will be when it passes through the equilibrium position during the resulting
oscillatory motion. If your goal is to find v, the preceding qualitative statement might help lead
you to the useful physical principle of energy conservation, which will then allow you to write
down a quantitative mathematical equation.

The following three strategies are quick checks.

18. Check that you have incorporated all of the given information

Part of the task of Strategy 2 is to identify everything that you know. When immersed in a
problem, it’s easy to forget some of this information, and this will likely make the problem
unsolvable. So double check that for every given piece of information, you’ve either incorporated
it or declared it to be irrelevant.

19. Check your math

Check over your algebra, of course. It’s good to do at least a cursory check after each step. If
you eventually hit a roadblock, go back and do a more careful check through all the steps.

20. Check the signs In all equations

In some sense this is just a subcase of the preceding strategy of checking your math. But often
when people check through algebra, they fixate on the numerical values of the various terms and
neglect the signs. So if you’re stuck, just do a quick check where you ignore the numerical values
and look only at the signs, just to make sure that at least those are correct. This check should be
very quick. Pay special attention to the initial equation that you wrote down. A common mistake
is to have an incorrect sign right from the start (for example, having the wrong sign in a vector
component), which won’t show up as an algebra mistake.

The following three strategies involve building on other knowledge.

21. Think of similar problems you know how to do

Try to reduce the problem (all, or part of it) to a previously solved problem. There are only
so many types of problems in introductory mechanics, so odds are that if you’ve done a good
number of problems, they should start looking familiar. How is the present problem similar to
an old one, and how is it different?

You might wonder whether someone becomes an expert problem solver by being brilliant,
or by solving a zillion problems, which has the effect of making any new problem look vaguely
familiar. Elite athletes, chess players, debaters, comedians, etc., rely on recognizing familiar
situations that they know how to react to. You can argue about what percentage of their strat-
egy/action is based on this reaction. But you can’t argue with the fact that a huge arsenal of
familiar situations, built up from endless hours of practice, is a necessary condition for elite
status in pretty much anything.






