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General notation: [ABC] will be used to denote the figure of triangle ABC. 

m(A) will be used to denote the mass at a certain point in a figure. 

A ceviancevianceviancevian is a line segment from a vertice of a triangle to the other side. 

 

Mass Points 

 

Mass point geometry will involve a little bit of physics. You remember seesaws - those 

things on the playgrounds that go up and down and make you throw up. A more 

official name for them is a leverleverleverlever. The point where the huge wooden board rests on is 

the fulcrumfulcrumfulcrumfulcrum.  

 

In the levers we will be dealing with today, the fulcrum is not necessarily in the 

middle. Take a look at the picture below: (picture by Z. Stankova) 

 
A seesaw balances only when the product of the mass and distance to fulcrum on both 

sides is equal. Or in equation form, .(/) ⋅ /1 = .(3) ⋅ 13 (let us call this the seesaw 

relationship. In physics, this is called torque).  

 

A baby elephant has a mass of 100 kg (100,000 grams) and stands on one side of the 

level with length 0.5 meters. On the other side, an ant weighing 1 gram stands on the 

side of the lever with length 50 km (50,000 meters). Which side will tilt downwards? 

 

If we use the equation above, left-hand side is 100,000 grams ⋅ 0.5 meters =

50,000 gram − meters. The right hand side is 

1 gram ⋅ 50,000 meters = 50,000 gram − meters. Both sides have an equal product, so 

technically, this seesaw balances! However, this is assuming that the board itself 

doesn’t have any weight… 

 



 

Now let’s apply this concept to mathematics! Given a certain figure, mass point 

geometry assumes that the figure “balances” on a carefully chosen point. It also 

assumes that there are weights at each point in the figure. 

problems that ask for the ratio of two lengths or two areas. 

to know about masses before proceeding:

 

Operations 

Here are several properties:

 

1. (Seesaw Relationship) Mentioned earlier: 

 

 

This property is the one you will be using the most. If you have two masses 

can compute the ratio of the distances

distances and one mass, you can compute the other mass.

 

2. (Addition Relationship) 

 

In the 2D case below, we will assume that the figure balances on point P, with 

masses at A, B, and C. Both sides should be balanced across any line drawn 

through P. We can think of the diagram as one seesaw with endpoints at C and F, 

and another one with endpoints of A and B, balanced on the first seesaw.

 

 

It becomes clear why the relationship 

diagram below: 
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Now let’s apply this concept to mathematics! Given a certain figure, mass point 

geometry assumes that the figure “balances” on a carefully chosen point. It also 

assumes that there are weights at each point in the figure. Mass points are

problems that ask for the ratio of two lengths or two areas. Here are a few basic things 

to know about masses before proceeding: 

Here are several properties: 

(Seesaw Relationship) Mentioned earlier: .(3) ⋅ 3E = .(F) ⋅ GE 

This property is the one you will be using the most. If you have two masses 

can compute the ratio of the distances. Similarly, if you have the ratio of the 

distances and one mass, you can compute the other mass. 

(Addition Relationship) .(3) H .(G) = .(1), where F is the center of mass.

In the 2D case below, we will assume that the figure balances on point P, with 

Both sides should be balanced across any line drawn 

We can think of the diagram as one seesaw with endpoints at C and F, 

and another one with endpoints of A and B, balanced on the first seesaw.

It becomes clear why the relationship .(3) H .(G) = .(1) holds using the 

Now let’s apply this concept to mathematics! Given a certain figure, mass point 

geometry assumes that the figure “balances” on a carefully chosen point. It also 

Mass points are used in 

Here are a few basic things 

 

 

This property is the one you will be using the most. If you have two masses , you 

. Similarly, if you have the ratio of the 

is the center of mass. 

In the 2D case below, we will assume that the figure balances on point P, with 

Both sides should be balanced across any line drawn 

We can think of the diagram as one seesaw with endpoints at C and F, 

and another one with endpoints of A and B, balanced on the first seesaw. 

 

holds using the 



 

 

(Please excuse our poor image

of the big seesaw is the weight of everything on that side of the seesaw. Since we 

assume that the lever and fulcrum don’t have any weight, the total mass on the 

right side is sum of the two weights there.

 

3. The next law is not specific to mass points.

 

 

This rule states that [3GK

the two triangles have the same heights. While it may seem 

observation, this property is incredibly useful in problems involving area ratios. 

Using this, you can relate areas to side length ratios, which we can relate to using 

masses (property 1). 

 

Applications with Mass Points

 

1. In the diagram to the right, CE:EA = 1:1 and 

AF:FB = 1:3. Find the ratio of CD:DB.

 

3 

(Please excuse our poor image-making abilities. :P ) The weight on the right side 

of the big seesaw is the weight of everything on that side of the seesaw. Since we 

assume that the lever and fulcrum don’t have any weight, the total mass on the 

s sum of the two weights there. 

The next law is not specific to mass points. Consider the following diagram.

 

[3GK] N [3EK] = GK N KE. This can be proved by noting that 

the two triangles have the same heights. While it may seem like a simple 

observation, this property is incredibly useful in problems involving area ratios. 

Using this, you can relate areas to side length ratios, which we can relate to using 

 

Applications with Mass Points 

the right, CE:EA = 1:1 and 

AF:FB = 1:3. Find the ratio of CD:DB. 

. 

making abilities. :P ) The weight on the right side 

of the big seesaw is the weight of everything on that side of the seesaw. Since we 

assume that the lever and fulcrum don’t have any weight, the total mass on the 

Consider the following diagram. 

. This can be proved by noting that 

like a simple 

observation, this property is incredibly useful in problems involving area ratios. 

Using this, you can relate areas to side length ratios, which we can relate to using 



 

Let us assume that the figure balances on point P. Suppose that the mass at point A 

has a mass of 3. Because AE:EC = 1:1, we have:

 

 

We do the same thing for side AB:

 

 

Since 
P(Q)

P(R)
= 3/1, the distances is the reciprocal, or 1/3.

 

2. In triangle ABC, points D and E are on BC and AC, respectively. If 

AD and BE intersect at point T so that AT:TD

then find the ratio CD:DB.

 

Suppose that the figure balances on point T, with weights at A, B, 

and C. We will start with the assumption that the total weight at 

point T is 20. 

 

Since 3T: TK = 3, .(3

20, so .(3) = 5 and .

 

Also, GT: T/ = 4, so .

.(G) = 4 and .(/) =

 

The point E also happens to be the center of mass for A and C, so 

.(3) = 16 − 5 = 11. 

11/4, we now know that the ratio of the lengths is 4/11.

This problem is simplified a lot with the use of mass 

points. Note that when doing this on paper, your diagram 

might look like this: 

 

You may want to draw 2 diagrams

to avoid cluttering the diagram.
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the figure balances on point P. Suppose that the mass at point A 

has a mass of 3. Because AE:EC = 1:1, we have: 

.(3) ⋅ 3/ = .(E) ⋅ E/ 

.(E) = .(3) ⋅
3/

E/
= 3 ⋅ 1 = 3 

me thing for side AB: 

.(3) ⋅ 31 = .(G) ⋅ 1G 

.(G) = .(3) ⋅
31

1G
= 3 ⋅

1

3
= 1 

, the distances is the reciprocal, or 1/3. 

points D and E are on BC and AC, respectively. If 

AD and BE intersect at point T so that AT:TD = 3 and BT:TE = 4, 

then find the ratio CD:DB.  

Suppose that the figure balances on point T, with weights at A, B, 

and C. We will start with the assumption that the total weight at 

(3): .(K) = 1: 3. We also know that .(3) H .

.(K) = 15. (Make sure you don’t switch the two weights!) 

.(G): .(/) = 1: 4. Since .(G) H .(/) = .(T

( ) = 16. 

The point E also happens to be the center of mass for A and C, so .

 Now that we have .(E): .(G) =

, we now know that the ratio of the lengths is 4/11. 

This problem is simplified a lot with the use of mass 

points. Note that when doing this on paper, your diagram 

You may want to draw 2 diagrams in mass point problems 

to avoid cluttering the diagram. 

the figure balances on point P. Suppose that the mass at point A 

.(K) = .(T) =

. (Make sure you don’t switch the two weights!)  

(T) = 20, 

.(E) = .(/) −



 

3. In triangle ABC, points D, E, and F are on BC, AC, and AB respectively. If BD:DC=1, 

AE:EC=1/3, and AF:FB=1/2. Line segment EF hits AD at point P. Find the ratio 

AP:PD. 

 

 

the figure balances on point F, so the “left” weight of A is 

Therefore, the total weight of A is 2H3=5. (Be sure you see how this works)

 

The diagram balances on point P. Hence, we can write the 

equation to represent the balancin

 

.(3)

5

3W
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In triangle ABC, points D, E, and F are on BC, AC, and AB respectively. If BD:DC=1, 

AE:EC=1/3, and AF:FB=1/2. Line segment EF hits AD at point P. Find the ratio 

Let us start by assigning a 

gram to B. Since D is the midpoint, C 

has a mass of 1 as well and D has a 

mass of 1H1=2 grams. 

The next part is to find the mass at 

point A. Because the right side of the 

diagram rests on E, the “right” weight of 

A is .(E) ⋅ /E/3/=3. The left 

the figure balances on point F, so the “left” weight of A is .(G) ⋅ 1G

Therefore, the total weight of A is 2H3=5. (Be sure you see how this works)

The diagram balances on point P. Hence, we can write the 

equation to represent the balancing of AD: 

( ) ⋅ 3W = .(K) ⋅ KW 

5 ⋅ 3W = 2 ⋅ KW 

3W/KW = 2/5 

In triangle ABC, points D, E, and F are on BC, AC, and AB respectively. If BD:DC=1, 

AE:EC=1/3, and AF:FB=1/2. Line segment EF hits AD at point P. Find the ratio 

Let us start by assigning a mass of 1 

gram to B. Since D is the midpoint, C 

has a mass of 1 as well and D has a 

 

The next part is to find the mass at 

point A. Because the right side of the 

diagram rests on E, the “right” weight of 

. The left side of 

1G/31=2. 

Therefore, the total weight of A is 2H3=5. (Be sure you see how this works) 
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