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Using Trigonometry to Pre-calculate Antenna Dimensions
Joel R. Hallas, W1ZR, Technical Editor, QST

Our author mentions using plane trigonometry to figure out the lengths of the support lines of his antenna system. This is a great help to field work since by knowing the location of ground supports, the guys, or in this case all but the last of the elements themselves, can be tied to their supports and the antenna raised with just the requirement to secure the forth support. This works only on level ground, but adjustments can be made for other terrain. 

In my Army days, we occasionally went to the field with temporary antennas and supports and had measuring cables as part of our kit. These were premeasured templates used to determine the position of all supports so they could all be in place before we tried to raise anything.
A Short Review of the Basics of Plane Trigonometry

Plane trigonometry makes use of the relationships between ratios of the lengths of sides of a right triangle (a triangle with a 90° angle). Consider the right triangle shown in Figure A. The three sides are labeled with capital letters and the angles opposite with lower case letters. Angle c is a right angle and side C is known as the hypotenuse. The three basic trig relationships are as follows:

sin a = A/C, cos a = B/C and tan a = A/B
The values of the sine (sin), cosine (cos) and tangent (tan) for any angle can be found on a scientific calculator, in functions provided in spreadsheets or in published tables. By knowing the angle we can look up the value of the trig function. By knowing the lengths of any two sides, we can use the inverse trig function to find the angle. For example, if angle a equals 30°, the sine of a is 0.5. Similarly, if we measure the length of A and find C = 2 × A, then a is the angle whose sine is 0.5. This would be written sin-1 (0.5) = 30°.
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The author has selected an angle of 56.75° to be between the mast and the dipole. Let’s call that angle a. Then the length along the ground divided by the 22 foot mast length equals the tangent of 56.75°. If we use our calculator, we find TAN 56.75° is 1.525. Thus:
1.525 = X / 22, solving for X we have X = 22 × 1.525 = 33.55 or about 33 1/2 feet. Since it’s a right triangle, we can use the Pythagorean theorem (or we could use trig again) to find the length of the hypotenuse. Using the former, 222 + 33.552 = C2. Side C is thus 40.1 feet. Subtracting the 33 foot half dipole, we should need about 7 feet of support rope as shown in Figure B.

Another Example to Consider.
The author is correct that his angle between the dipole arms of 2 × 56.75° or 113.5° is greater than the suggested minimum of 90° for an inverted V, although the larger the better, right up to 180°. Perhaps we would like to use an additional criterion. One that might be important in an uncontrolled environment, especially over night, is to have the dipole ends above reach. We can use an extension of the same principles to determine how to do that. If we select 8 feet as sufficient height to keep most people and animals from getting RF burns, we can evaluate the dimensions as shown in Figure C. For this case, we start the whole antenna 8 feet above ground. The antenna fits into the triangle with the 14 foot upper portion of the mast. Looking at the figure, see that the cosine of the included angle is equal to the 14 foot upper mast length divided by the 33 feet of half dipole. This value is 0.424 and the angle with that cosine is 64.9° as shown. Dividing 0.424 into the full 22 foot length of mast yields a hypotenuse of 51.9 feet. This requires a support rope on the 40 meter side of 18.9 feet, and using trig or the Pythagorean theorem again yields the dimensions shown. 
Figure A — Identification of the sides and angles of a right triangle. 

Figure B — Illustration of author’s dimensions.

Figure C — Another example of the technique. This results in the antenna elements high enough to avoid human contact.
