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Negative Mass

Scientists have proposed the existence of anti-matter and anti-particles, but neither have a negative mass. Quantum research has also hypothesized the existence of many other particles with extremely small masses. However, as far as we know, matter can not have a negative mass.  

But what if another particle was discovered that had a negative mass? If you had enough of these particles to form a relatively large object, what would happen? Here we will explore what you could do, and what you couldn’t do, with an object of negative mass. 
For simplicity, this object will be consistent with any “normal” object in terms of visibility, charge, and all other physical attributes. The only difference is the object’s mass has an arbitrary, negative magnitude. We will not concern ourselves with why this could not happen on a fundamental level, but rather, apply this negative mass to our existing Physics models, and ask, “What If?”.
Kinematics
1.1) Newton’s Second Law

Newton’s second law states that when an unbalanced force is exerted on an object, the object will accelerate in the direction of the force with a magnitude directly proportional to the magnitude of the force and inversely proportional to its mass.
This is summarized by the equation:


But what happens if the object’s mass is negative? Let’s try the following problem:

A golf ball of mass -100g is at rest, and is struck by a golf club with 5N of force. What is the ball’s resulting acceleration?
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The resulting acceleration of the ball is . Therefore, applying a positive force results in a negative acceleration. 
This means that Newton’s Second Law says that you can’t push an object of negative mass forward. If you tried pushing it, it would accelerate towards you. 
Inversely, pulling it would result in it accelerating away from you.
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Therefore, a negative force (such as pulling the object towards you), will result in a positive acceleration (accelerating away from you).
Theoretical Conclusion

In conclusion, when applying a force on an object of negative mass, the direction of the object’s acceleration is the exact opposite of an object of positive mass in the same scenario. 

Case 1: Applying a Positive Force

	
	Object With Positive Mass
	Object With Negative Mass

	Direction Of Acceleration
	Positive
	Negative


Case 2: Applying a Negative Force

	
	Object With Positive Mass
	Object With Negative Mass

	Direction Of Acceleration
	Negative
	Positive


What If?
There is some strange behavior that would come from this attribute, including some interesting paradoxes. 
For instance, it would become very difficult to control the object. When pushed, the object accelerates towards whatever is pushing it. But this results in the initial force continuing, because the object is still pushing against the applied force. This means the object would continue to push against the applied force only until the applied force is removed.
Also, normally a frictional force results in acceleration opposing the direction of velocity. But for an object with a negative mass, a frictional force would result in acceleration in the opposite direction: the same direction as its velocity!
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In b) the acceleration due to friction is positive, which is the same direction as the positive velocity. Therefore, we conclude that friction results in acceleration in the same direction as the velocity.
That means if an object with a negative mass was rolling on the ground, its acceleration would perpetually increase due to friction! If you tried to stop it by getting in its way, not only would it continue moving, but your resistive force would even result in an increased acceleration! It would only stop when it eventually breaks, or a force is applied in the same direction as the velocity (IE, being pushed from behind) which, as previously concluded, would result in a decreased acceleration.

1.2) Freefall

When an object is in freefall, intuitively, one will expect that object to fall towards the earth, accelerating in the same direction as the force of gravity.
But what happens if the object’s mass is negative? Let’s try the following problem:

A man of mass 80kg, falls out of an airplane at an altitude of 490m. 
But fortunately, he is wearing a backpack of mass -85kg!
Neglecting air resistance, where will the sky diver be 10 seconds later?
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Therefore, 10 seconds later, the man has hit the ground. Since gravity is mass independent, neither the mass of the man, nor the mass of the backpack was considered in the solution. The backpack did not help the man survive the fall.

Theoretical Conclusion

In conclusion, when an object of negative mass is in freefall, it will behave the same as an ordinary object. No further observations are necessary.

http://www.daniweb.com/cgi-bin/mimetex.cgi?  \begin{align} F_{net} &= ma \\\\\\\\ a &= {F_{a} \over m}  \\\\\\\\ a &= {5N \over -0.1kg} \\\\\\\\ a &= -50m/s^2 \end{align}

http://www.daniweb.com/cgi-bin/mimetex.cgi?  F_{a} = 5N
http://www.daniweb.com/cgi-bin/mimetex.cgi?  -50m/s^2
http://www.daniweb.com/cgi-bin/mimetex.cgi?  \begin{align} F_{net} &= ma \\\\\\\\ a &= {F_{a} \over m}  \\\\\\\\ a &= {Negative \over Negative} \\\\\\\\ a &= Positive \end{align}

http://www.daniweb.com/cgi-bin/mimetex.cgi?  \begin{align} F_{net} &= ma \\\\\\\\ a &= {F_{f} \over m}  \\\\\\\\ a &= {Negative \over Positive} \\\\\\\\ a &= Negative \end{align}

http://www.daniweb.com/cgi-bin/mimetex.cgi?  \begin{align} F_{net} &= ma \\\\\\\\ a &= {F_{f} \over m}  \\\\\\\\ a &= {Negative \over Negative} \\\\\\\\ a &= Positive \end{align}

http://www.daniweb.com/cgi-bin/mimetex.cgi?  \begin{align} m_{p} &= 80kg \\\\\\\\ m_{bp} &= -85kg \\\\\\\\ \Delta t &= 10s \\\\\\\\ g &= -9.8m/s^2 \\\\\\\\ d_{1} &= 490m \\\\\\\\ d_{2} &= ? \\\\\\\\ v_{1} &= 0 \end{align}
http://www.daniweb.com/cgi-bin/mimetex.cgi?  \begin{align} F_{net} &= ma \\\\\\\\ Fg &= ma \\\\\\\\ mg &= ma \\\\\\\\ a &= g \\\\\\\\ a &= -9.8m/s^2 \end{align}
http://www.daniweb.com/cgi-bin/mimetex.cgi?  \begin{align} \Delta d &= v_{1}\Delta t + {1 \over 2}a(\Delta t)^2 \\\\\\\\ d_{2} - d_{1} &= {1 \over 2}a(\Delta t)^2 \\\\\\\\ d_{2} &= {1 \over 2}a(\Delta t)^2 + d_{1} \\\\\\\\ d_{2} &= {1 \over 2}(-9.8m/s^2)(10s)^2 + 490m \\\\\\\\ d_{2} &= 0 \end{align}
