
           

   

 

                               

                    

                                     

                        

 

                             

                                  

                                  

                                 

   

                                         

                    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Battleship North Carolina’s Fire Control 

Objectives: 

1. Students will see the application of trigonometry that the Mark 14 gun sight used with 
the 20mm guns aboard the NC Battleship. (Geometry SCOS: 1.01) 
2. Students will learn about the history of general fire control in the Navy and the use of the 
Mark 14 gun sight on the NC Battleship. (US History SCOS: 10.05) 

Overview: 

In this lesson, students will not only learn about the Battleship North Carolina’s artillery, 
but they will understand more of the geometry that goes into the technology of the ship. They 
will appreciate the history of the technology of the navy. Students will also have to solve trig 
functions the way that they did in the navy in the 1940’s by using trig tables. 

Teacher Directions: 

This lesson was written to be taught in two ways, either as a self led lesson, or as a group 
activity. You can use direct instruction if you would like 



           
       

     

                                

                     

                              

                     

                                         

     

 

                                     

                                  

 

 

 

 

 

 

The Battleship North Carolina’s Fire Control 
Name: ________________________________________ Date: ___________ 
Group Members: ________________________________________________ 

Fire control refers to the entire process of utilizing a ship’s armament. It involves the 
material, personnel, methods, communications, and organization necessary to inflict upon the 
enemy maximum destruction in minimum time. There are several types of fire arms on the 
Battleship NC, including the 20mm, 40mm, 5in and 16in guns. 

The 20mm is the smallest of the firearms on board the ship. Here is a picture of a sailor 
manning the 20mm. 

If you take a close look at the picture above, you will notice that the sailor is looking 
through a box instead of looking at the target. This box is the Mark 14 gun sight. 
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Here is an excerpt from a naval book about the 20mm gun.
 

sight line (parallel to the w ater) 

Notice the limits on the elevation 
of the 20mm. Recall how to find the 
angles of elevation and depression. To 
the left is a sketch of these angles to help 
understand the limits on the gun’s 
ability to shoot up and down. 

It’s also interesting to note that the 
optimal distance that the gun can fire is 
when its angle of elevation is at 36 
degrees. Also, the gun can shoot 450 
rounds per minute (if it is continuously 
loaded), which translates to 7.5 rounds 
per second. Now that’s a fast gun! 
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The Mark 14 gun sight was also known as 
the “Lead Lag” sight. Lead Lag refers to how 
the sight basically works. To the right is a 
picture demonstrating the lead lag concept. 

Notice how the lead and the lag are 
simply the angle at which you actually need to 
aim the gun, versus where you would point the 
gun directly at the target. The lag angle 
measure is the same as the lead angle measure. 
The only reason why they name it differently is 
because they have different initial and 
terminal rays. 

The Mark 14 calculates the lead angle as 
you focus in on your target. The computer in 
the sight can calculate where the gun needs to 
be pointed based on your target continuing to 
move in the same direction at the same speed. 
As the plane’s speed and direction changes, the 
Mark 14 recalculates and lets the operator 
know where to move the gun to stay on target. 
The Mark 14 also calculates the affect gravity 
has on your projectile. Obviously your bullet 
cannot travel in a direct path. Wind is a factor. 
And remember, you are on a battleSHIP, so 
the motion of the ocean also comes into play. 

In our studies of the lead/lag angle, we 
are going to ignore the other factors that may 
skew our mathematics. After all, it is a 
computer that does the calculations! 

Recall, formulas for sine, cosine, and tangent. 

Trig Function Formula 

Sine 
sin(x) = 

Cosine 
cos(x) = 

Tangent 
tan(x) = 



                        
                  
                      

                   
                                     

            
                                  

                     
 

 
                                  

       

 

 

 
                      

         
         

         
         

       
 
                    

           
         
           

            
     

 
                      

             

             
          

         
         
 

 
                  

       
       

     

The navy taught their sailors basic trigonometry 
through their Navy Training Course manual. There is a 
picture of this manual to the right. Remember, in the 1940s 
there were no calculators, so they found their trig functions 
by using trig tables. 

We will be using the trig table from this book for this 
lesson, so there will be no calculators to calculate the trig 
functions! 

Below is a copy of the trig table we will be using: 

To use this table, find the 
angle measure that you are 
working with, then follow over 
to the appropriate column that 
contains the trig function that 
you are looking for. 

For example, if you were 
looking to find the value for 
cos(56), look down the angle 
column for 56, then follow over 
to the column for cosine. You 
will find, .559. 

We will also be using the 
table to find the measures of the 
angles.  Supposed you are trying 

to  solve,  tan(x)  =   .   First  you  
need  to  find  the  decimal  value  of  
18  over  12,  which  is  1.5.   Next,  in  
the  tangent  column,  find  the  

     

value that is closest to 1.5, which 
you will find 1.483. Then 
following over to the associated 
angle measure, which is 56 
degrees. 

Next let’s solve some 
practical scenarios that could 
have happened aboard the 
Battleship North Carolina. 



     

                             

                                     

                                           

                                  

                         

             

 
 

                   
 

 
                            
                     

 
           

 

                
 

                   
         

 

                
 

                  
 
                  

 

 

 

 

 

 

 

 

 

 

 

 

Example 1: 
Suppose you are manning a 20mm gun aboard the Battleship North Carolina. A 

Japanese zero is flying parallel to the ship. The Mark 14 gun sight has calculated that in order 
for you to hit the plane, you need to have a lead/lag angle of 24 degrees, and also to aim 520 feet 
in front of the plane. Assuming that the plane continues its route in the same speed and 
direction, approximately how far away, in feet is the plane from the ship? 

First we have to sketch the situation,	 Next, we need to decide which trig function we are 
using, 

520 is opposite, and ? which we will denote 
as x is adjacent, so we will be using tangent. 

Then we set up our problem, 

tan(24) = 

Use your trig table to find tan(24) = .445, then 
substitute it in your expression, 

.445 = 

Then use algebra to solve, and we find that 

x = 1,168.54 feet 

http:1,168.54
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Example 2: 
The Mark 14 gun sight has calculated that in order for you to hit the plane, you must aim 

230 feet in front of it. You know that the plane is 950 feet away from the ship. Assuming that 
the plane continues in the same direction at the same speed, what would the Mark 14 tell you 
was the lead/lag angle? 

First we have to sketch the situation, 

Here are some examples for you to try yourself:
 

Next, we need to decide which trig function we 
are using, 

230 is opposite, and 950 is adjacent, so 
we will use tangent. 

Then we set up our problem, 

tan(x) = 

Next we need to find write 230 over 950 as a 
decimal, and we get .242, and substitute it into 
our expression, 

tan(x) = .242 

Next, under the tangent column, find the 
number closest to .242, which we find, .249, 
which is associated with 14 degrees. 

x = 14 degrees 

1. The Mark 14 gun sight has calculated that in order for you to hit the plane, you need to 
have a lead/lag angle of 20 degrees, and also to aim 435 feet in front of the plane. Assuming 
that the plane continues its route in the same speed and direction, approximately how far away, 
in feet is the plane from the ship? 



                                     

                                    

                               

               

 

 

 

 

 

 

 

 

 

 

 

                                  

                                  

                     

 

 

 

 

 

 

 

 

 

 

 

2. Suppose the Mark 14 gun sight has calculated that in order for you to hit the plane, you 
must aim 325 feet in front of it, and that the predicted projectile travel distance is 1,250 feet. 
Assuming that the plane continues in the same direction at the same speed, what would the 
Mark 14 tell you was the lead/lag angle? 

3. There is a Japanese zero airplane located 2,750 feet away. The Mark 14 gun sight has 
calculated that you will have a lead/lag angle of 12 degrees. Approximately how far in feet would 
you need to aim your gun in front of the airplane? 



                                       

                                        

           

 

 

 

 

 

 

 

 

 

 

                               

                                      

                                        

                                

                           

 

 

 

 

 

 

 

 

 

 

 

4. Suppose you know that the Mark 14 has calculated that you to aim 345 feet in front of the 
airplane with a lead/lag angle of 22 degrees in order to hit your target. How far in feet will the 
projectile travel before hitting its target? 

5. In two different scenarios we have identical planes that are both flying 1,115 feet away 
from the battleship. In the first case, the projectile will have to travel 1,530 feet to hit the target, 
and in the second case, the projectile will have to travel 1,772 feet to hit the target. What are the 
lead/lag angles in both cases? Why do you think the lead/lag angles are different even though 
these planes are identical and flying at the same distance away from the plane? 



               

 

 

     

     

     

     

           

                              

     

All sources courtesy of Battleship North Carolina Collections. 

Answers: 

1.	 1,195.059 ft 
2.	 75 degrees 
3.	 585.75 ft 
4.	 920 ft. 
5.	 43 degrees, and 46 degrees 

Possible answers: planes are flying at different speeds, one plane may have changed its 
course, etc. 




