
Exercise and force 
 
 
“Don’t be a follower of gurus. Be a student of many teachers. Be wary of strictly 
following one school of thought. Strive to understand the value, as well as the 
shortcomings that exist within everything.”              - Tom Purvis  
 
“Six months of experience repeated twenty times does not make ten years of experience. 
It just makes a beginner a decade older.”                                  - Unknown 
 
“When you put a weight in your hand everything changes.” 
      - Unknown 
 
 
When most people think of resistance training (weight training) they tend to think of just 
moving weight back and forth or up and down to target specific muscles—meaning, “this 
exercise works this muscle” or “this exercise targets this muscle group.” The aim is 
usually using an exercise to fatigue the muscle so it will either be stronger, bigger and/or 
leaner. True, but I would prefer to shift the perspective from the exercise working the 
muscles to the muscles providing the means to do an exercise. Meaning, if you 
understand what the muscle does and how it functions, the exercise makes sense and you 
are using the muscle to make the movement not the movement making the muscle work.  
Take that one step further and understand that the exercise is a way to make that muscle 
work harder, so it would be an asset to understand all the variables in the exercise. Like 
what muscles are doing what? And where are the forces coming from and how do the 
forces impact how the muscle reacts?   
 
One thing that I have learned in my thirteen years of being in the personal training 
industry is having an understanding of what is really happening when we are applying 
force to our body with some form of resistance. I think it is so important in order to 
maximize our time in the gym—both from a safety perspective and from a knowledge 
standpoint—to have an understanding of how internal (muscles) and external (weight, 
tubing, etc.) forces work. Having an understanding of what is working, what is affecting 
what and how to change the parameters involved really keeps things moving not only in a 
safe direction, but also a very progressive direction.  
 
I also notice that once someone knows more about what is actually happening exercise 
becomes more enjoyable because they are more intellectually involved with the activity. 
Understanding these concepts might just put you way ahead of a large majority of fitness 
professionals out there right now (from a physics standpoint that is. Not many personal 
training certifications require an understanding of forces and advanced human 
mechanics). If you don’t care to understand some of the basic physics of movement and 
force, then feel free to move on to one of the other Free Downloads. 
 
 
 



Just a Bit of Physics 
 
Whenever I take on a new client, regardless of their education and experience (this 
includes other health professionals), I first must teach them what an exercise actually is. 
To put it simply, exercise is a force applied to a specific pattern. And force is basically a 
push or a pull exerted by one object onto another object—like gravity or a cable or tubing 
pulling or pushing on a limb. But the tricky thing is force does not exactly equate to the 
amount of actual resistance in an exercise. So often we think of a five-pound dumbbell 
being just a five-pound dumbbell when it is used during an exercise. But because your 
joints move in a circular (arched) fashion and force is usually in a straight line, when you 
match those two together you don’t get consistent resistance.   
 
Let’s take a lateral side raise for the shoulder as an example. When you are holding that 
5-pound dumbbell in your hand with your arm resting at the side, that dumbbell is only 5 
pounds of resistance to your hand. Because the force (the line of gravity in this case) is 
going straight down and your arm is in line with this line of force, which also makes the 
line of force fall through the shoulder, the resistance of the 5-pound weight to your 
shoulder is 0. It takes 0 effort for your shoulder to maintain this position.  
 
Now, move the 5 pounds out directly to 
your side where it is parallel to the ground. 
Your arm will be directly against the force 
of gravity (your arm is out to the side and 
gravity is going straight down—the arm is 
perpendicular to the force acting upon it). 
And let’s say the weight in your hand is 20 
inches away from the shoulder. At this 
distance from the joint the actual 
resistance of the 5-pound weight to your 
shoulder will be more like 100 pounds; i.e. 
it will take 100 pounds of effort from your 
shoulder muscles to keep the weight from moving. This is because the further the line of 
force is away from a joint, while still being applied to a limb, the heavier it becomes to 
the distal (furthest applicable joint) joint—in this case, the shoulder joint.  
 
It all comes down to leverage. Think of a wrench. The longer the wrench is and the 
further towards the very end you hold it the more powerful it becomes in being able to 
produce a force on the nut (the nut in this case is like the shoulder but the nut does not 
have muscles, or any of its own force producing capabilities, to resist the force of the 
wrench). The longer the wrench, the less you have to push to move something on the 
other end. Whoever has distance on their side always wins the leverage contest. 
 
 
Using the idea of a teeter-totter may also help to give you a visual as to how leverage 
works. If you have two 150-pound individuals sitting equidistant from the center, there 
will be no movement because the forces acting on the levers (the planks) are equal.  But 



let’s say you move one individual to the center of their board and one to then end of 
theirs, movement will occur in the favor of the individual who is sitting at the end of their 
board. They will have increased their leverage, meaning 150 pounds on a longer lever 
creates more resistance. The only way to balance this out would be to either move one of 
the individuals to the same spot as the other or to increase the weight of the individual 
sitting closer to the center (unless you could reduce the weight of the individual sitting 
furthest away from the center). A 150-pound person sitting 10 feet away from the center 
would need to have a 300-pound person sitting 5 feet away from the center to be equal 
(cut the distance in half and you would have to double the weight).  
 

 
 
 
The other thing that makes resistance change is the angle the line of force is hitting the 
lever/limb. When the line of force is at a 90-degree angle to your arm it is creating the 
most resistance possible—all of the force is going directly in the 
direction the arm is moving. If you can remember from geometry, if 
you were to move any radius around a center point, at any moment 
you measure which direction it is moving you will see that, for that 
moment, it is moving in a straight line—this is called a tangent.  
 
Because the joint is generally centered on a fixed point, the direction the arm is moving 
changes into another direction for every degree of change. This 
new line is always 90 degrees from the line of the radius (it is 
tangential to the line). When the line of force creates a force 
angle (the angle between the line of force and the lever it is 
affecting) that is less than or greater than 90-degrees, part of 
that force is either pushing down the arm towards the joint 
(compression) or pulling the arm away from the joint 
(distraction—as seen in the example in diagram to the right). 
The closer the line of force gets to either 0-degress or 180-
degrees (in relation to the arm) the more the force will be going 
through the arm and there will be no resistance to the joint (the 
resistance, because it is going through the arm, will also go through the joint). This is 
called translatory force—the force translates through the arm rather on the arm. 
 
So why is all that important?  Well, it comes into play when looking at how to manipulate 
different types of exercises. Once you understand where the line of force is coming from, 
you can change how it challenges your muscles/joints.   
 
To show you how we can use the same weight and the same movement and make the 
resistance to the shoulder totally different let’s take that same 5-pound dumbbell and use 
it while lying on your side (say, on an exercise bench). While lying on your side with the 



weight resting on your hip, the resistance is 0. But as 
soon as you lift that weight a centimeter off the hip (so 
as long as no part of your arm is still resting on your 
body), you are now creating almost the same amount of 
resistance to your shoulder muscles as you did when 
you had your arm out the side while standing up.   This 
is because your arm is just about perpendicular to 
gravity again.   
 
But once you get that arm all the way above the shoulder, where it is parallel with 
gravity, the resistance will be 0 again. The line of force will be going directly through the 
shoulder. This would change the way the muscle is 
challenged. The major difference would be the capability 
of the muscle when it is at different lengths. When your 
arm is at your side the deltoid (shoulder) muscle fibers 
are fairly lengthened compared to when your arm is 
directly out the side where they are closer to full 
shortening. When a muscles’ fibers get closer to being 
fully shortened (from the over lapping of muscle fibers) 
the force production of the muscle is somewhat reduced. 
Generally, when the muscle is in the middle of the range is where it is the strongest. So 
by changing where the resistance is crossing the limb changes the effort of the muscle, 
hence changing the exercise and giving you options. 
    
Having these options not only give you variety but they also give you the opportunity to 
adjust the resistance to match a specific need or goal. For example, if you are having 
trouble with your shoulder, like tightness or pain, in 90-degrees of abduction (arm all the 
way out to the side—parallel to the ground while standing) it might be more feasible to 
start the exercise lying on your side so there is very little resistance in the full-abducted 
position*. From there you could start to incrementally change the angle of your body to 
the gravitational pull (you could change the angle of the bench you are lying on).  
 
These last examples showed how resistance is affected when dealing with dumbbells and 
gravity while moving a single joint. Once you start moving multiple joints things change 
a little bit. When doing an exercise like a dumbbell chest press, overhead dumbbell 
shoulder press or dumbbell lat row (bent over) it is more than likely that your forearm 
will stay parallel with gravity. Keeping the forearm in line with gravity will make the 
length of your upper arm the entire length of the lever arm (the arm moving directly 
around the axis). During a pressing motion like overhead shoulder press and chest press, 
your hands and forearms would remain in balance above the elbow and follow the arc of 
the elbow (and the upper arm). Neither your biceps nor your triceps will be used any 
more than the other as they are both working to keep the arm from falling in or out.   
 
*Of course this should never take away from the need to have a proper evaluation by a physician or a 
biomechanics specialist to identify the cause of the problem rather than working around it. 
 



Point is, you can use much more weight than using straight arms as the distance from the 
joint to the resistance is just about cut in half—hence allowing you to double the weight 
used. Using twice the weight at half the distance is the same resistance to the shoulder 
joint as using half the weight twice at twice the distance (straight arm) but it is less wear 
and tear on the joint than using the straight arm (this is with the shear force figured in—
we won’t get into that here).   
 
So, 20-pounds in a chest press, which will be about 10 inches away from the shoulder 
(length of the forearm), will be equivalent to 10-pounds 20 inches away doing a chest fly. 
The only difference is the longer the lever is the more the forces inside the joint tend to 
change (again, things like shear force start to increase—not necessarily a bad thing, just 
something to consider in regard to risk/benefit). 
 
So when you start adding things like cables and tubing, you can change how the line of 
force enters the body much easier than changing your body to fit the line of gravity. To 
use the example of a lateral side-raise again, we can take a cable with a 5-pound plate at 
the end (like in a cable machine) and have almost just as many choices of resistance. You 
could stand where the cable would be moving across your body so the direction of force 
(in this case it is the cable direction) would be about 90 degrees to your straight arm 
while it is at your side.  This would be the equivalent to starting the side raise while 
laying on your side—the line of force is pulling the arm into the body. The one major 
difference would be how the cable would change its line of force as you move your arm 
out to the side. And depending on how far away from the machine you are standing will 
change those angles as well. As I mentioned before, the angle the force hits your arm will 
change the resistance.  
 
If you wanted to maximize the resistance while at your weaker part of the range, you 
would want to either have the cable be at a 90-degree angle at the top of the range (cable 
going straight down) or use a dumbbell that will automatically be at its greatest resistance 
when directly out to the side. If you wanted the resistance to be greatest in the beginning 
of the range, you would want to line of the cable as I talked about earlier, where it is at a 
90-degree angle to your side. 
 

Full Range of Motion 
 
I always hear people talking about moving through a “full” range of motion so you resist 
the entire range of a muscle. It’s a nice idea but, unfortunately, there is seldom a way to 
ever really have a joints’ entire range of motion completely resisted so as to have the 
muscle resisted through its total possible contractible range. The main thing you have to 
consider is how far joints can actually move. If you can move a joint more than 90 
degrees in one direction then you have most likely moved beyond the point of having that 
muscle resisted. That is because the line of resistance will eventually lose its force angle. 
If you were to start at a 90 degree force angle and move to a 0 degree force (where the 
line of force was in line with the lever/limb) you would most likely still have room to 
move that joint but with no resistance towards that muscle.  
 



For example, the shoulder joint has a wide range of motion and when looking specifically 
at the motion that is associated with the Pectoralis (chest) muscles, you can see that the 
range (in a horizontal plane—arm out to the side and going forward and back 
horizontally) starts behind the body roughly 20 degrees and finishes at about 45 degrees 
in front of the body. The total horizontal range that the pec muscles (Pectoralis Major) are 
potentially responsible for is somewhere around 155 degrees (90 degrees from the side to 
the front and then the 65 degrees beyond both). From a gravitational standpoint, if you 
were to do a dumbbell chest press while lying on your back, it is only possible to have the 
range resisted until you get to complete vertical. If you were to try and finish the range 
and move your arm across your body, you will have activated the muscles in the back of 
the shoulder (they would be working to stop you from falling inwards) and the pecs 
would be under slack. Not to mention the resistance is greatest when your arm is directly 
to your side (the direction of force, gravity, is directly 90 degrees against the upper arm—
and it is the farthest that the line force will ever be from the joint) so as you get closer to 
that 90 degree point you are losing resistance (in fact, at 90 the resistance is 0).   
 
Most people would usually bring up the argument that the biceps and triceps, which work 
the elbow into flexion and extension, could always be resisted (usually through exercises 
like bicep curls or tricep extensions/pushdowns) through a full range of motion. 
Unfortunately, that is not true. The reality of both of those muscles is they are two-joint 
muscles (al least some of the fibers are) in that they do, of course, cross the elbow joint 
but they also have fibers that cross the shoulder joint. Having muscle fibers that cross the 
shoulder joint means that those muscles also play a part in shoulder joint motion. That’s 
how exercises like incline bicep curls or preacher curls came about for the bicep, as well 
as exercises like lying triceps extension (better known in some circles as “skull 
crushers”).   
 
When you change the shoulder position you also change the starting length of the bicep 
and triceps giving it different mechanical advantages and disadvantages. “Full” range of 
motion for the biceps would be to start with your arm behind you about 20 to 30 degrees 
where your muscle is fully lengthened and then finish with your arm bent overhead 
(practically touching your shoulder blade). There is absolutely no way to resist that entire 
motion with one exercise. The opposite motion works for the triceps. You also have the 
same principals in the legs where the hamstrings are a two joint muscle (extends the hip 
and flexes the knee) and part of the quadriceps muscle is as well (Rectus Femoris). 
 
The whole point of sharing any of this with you is to give you a perspective as to how 
much variety you can have when you understand how forces work and how joints and 
muscles work. You have so many variables that you could work out for a year and never 
repeat the same workout twice. But yet, so often we go in the gym and do the same 
routine(s) over and over.   
 
 
For more involved and in-depth information on forces and joint mechanics check out Lavangie 
and Norkin’s book “Joint Structure and Function”. I. A. Kapandji’s three different books on joint 
mechanics and force are some of the best as well. He has written ones for the lower body, the 
upper extremity and the trunk & the vertebral column. Lastly, if you are interested in learning 



more hands-on mechanics check out Tom Purvis’s in-depth courses at 
www.resistancetrainingspecialist.com. Most of my education on mechanics, forces and resistance 
training came from these three sources. 
 


