Chapter 10 – Electrical, Antenna Structure and RF Safety: 6 Questions


What You MUST know for the Test

Answers to all questions, numbers T0A01, page 11.67 through T0F15, page 11.80

T0A – Electrical Danger (DANGER! Will Robinson!!!)

· 30 volts is the minimum voltage that is usually dangerous to humans.
· As little as 1/10 of an ampere of current can be fatal.
· The heart can be fatally affected by a small amount of current.
· A short circuit draws high current.
· If you replace a blown 5 amp fuse with a 30 amp fuse, you could draw more than 5 amps, and cause a fire!
· For the best protection, ground all your equipment to a common ground.
· The green wire in a normal 3-wire electrical plug is the ground.
· Everyone should know where the main power switch is in case of an emergency.
· The power supply of an amateur transceiver or amplifier should be controlled by a safety interlock.
· When a fuse blows, it creates an open circuit.
· Touching an ungrounded terminal of a high voltage capacitor can cause a shock due to residual stored charge.
· Always use a circuit breaker or fuse to home built equipment that is powered by 110 volt AC.
· In a 12 volt DC wiring, install fuses at the voltage source.
T0B – Lightning Protection, Antenna Safety

· Ground all antennas when not in use to provide the best lightning protection.
· Disconnect all equipment from the power line and antennas when not in use.
· Wear a hard hat and safety glasses when you are on the ground helping someone on a tower to protect yourself from dropped objects.
· When using a bow or slingshot to shoot a line for an antenna, make sure the line is strong enough, the arrow or weight has a safe flight path available, and the bow or slingshot is in good working order (all of the above).
· Always be sure your antenna and feed line are clear of electrical lines.
· When climbing a tower, put on your safety belt and glasses.
· When putting up a tower, stay clear of power lines.
· Old leather climbing belts could be brittle and break.
· When climbing a guyed tower: tell someone you will be up the tower, inspect the tower for cracks or loose bolts, inspect the guy wires (all of the above).
· When working on your tower: tell someone, bring plenty of tools, inspect the tower before climbing (all of the above).
T0C – RF Radiation and RF Safety

· RF radiation is electric and magnetic radiation between 3kHz and 300 GHz.  The answer to this one is easy to spot, it’s the only answer that has “electric and magnetic” in it, and that’s what RF is!

· Use the minimum power when transmitting with your HT to reduce the RF exposure to your head.

· Power density of a radiated signal is measured in milliwatts per square centimeter.

· RF field strength is measured in Volts per meter.

· FCC RF exposure regulations are most stringent for 30 MHz to 300 MHz.

· A hand-held transceiver is a portable device.

· The lower the duty cycle, the shorter the compliance distance; the higher the duty cycle, the larger the compliance distance (all of the above).

· Duty cycle takes into account the amount of time the transmitter is operating at full power.

· The factors affecting exposure are : frequency and power level, antenna height and distance, and radiation pattern (all of the above).

· Radio frequency radiation is considered non-ionizing.

· FCC RF exposure regulations establish maximum permissible exposure limits.

· One way to comply with RF exposure guidelines in uncontrolled environments is to reduce transmitting times within a 30-minute period.  In controlled environments, reduce transmitting times within a 6-minute period.

· Antennas should be mounted as far away from accessible areas as possible.

· To prevent RF exposure in excess of FCC limits: alter antenna patterns, relocate antennas, revise station technical parameters (all of the above).

· SSB will result in the least RF exposure.

· SAR (specific absorption rate) takes into account the rate at which the human body absorbs RF at a particular frequency.

· The human body absorbs more RF energy at some frequencies than at others, so the frequency must be considered when evaluating RF exposure.

· Remember: the FCC rules specify exposure limits, not emission limits.

T0D – RF Exposure Standards

· If your repeater station is located at a site occupied by other service antennas, your RF signal must be considered as part of the total RF.

· The body’s ability to absorb RF varies with frequency, so do the exposure limits.

· Mobile transceivers can produce less RF exposure because the antennas are usually mounted on the metal roof.

· Wavelength, and the physical size of the antenna determine the boundary between the near and far fields.

· In the far field, the power density is proportional to the inverse cube of the distance.

· In the near field, the field strength depends on the type of antenna used.

· Never look into the open end of a microwave feed horn, you can cook your eyeballs with RF.

· For questions T0D08 through T0D14, refer to the tables on page 11.74 and 11.75 of the book.  
· For T0D08 :  The question asked for HF, controlled environment, so you would use the top table and look for the line 3.0-30 MHz (the HF band).  You are looking for maximum exposure limits, so look for the column “Power Density”.  Note that in this column, the limit is 900/f2, so the answer is 900  divided by the square of the frequency in MHz. (Whew!)  
· For T0D09 : This question asks for uncontrolled environments and the 2-meter band, so we look in the lower section, at the 30-300 MHz line and see that the answer is simply 0.2 mW/cm2, with no formula.
· For T0D10 : Antenna is a half-wave dipole, controlled, at 7MHz and 100 watts PEP, and the question asks for the minimum safe distance.  Look at the top table, the center column, the top row.  Answer : 1.4 feet.
· For T0D11 : uncontrolled, 3-element Yagi, 28 MHz, 100 watts.  Second chart, middle column, first row. Answer : 24.5 feet.
· For T0D12 : controlled, quarter-wave whip, 146 MHz, 10 watts.  Bottom right chart, top row, middle column, 1.7 feet.
· For T0D13 : controlled, 17-element yagi, 144 MHz at 100 watts.  Middle right chart, middle column, second row, 32.4 feet.
· For T0D14:  Uncontrolled, 5/8 wave ground plane, 446 MHz, 10 watts. Bottom left chart, top row, right column, 4.3 feet.
WHEW!  You really need to know how to read these charts!  We suggest you study them until you are very familiar.

T0E – Biological Effects

· Use one or more of the methods in FCC OET Bulletin 65 to ensure compliance with RF exposure limits.

· You’ll find these limits in FCC Part 1 (not 97, surprise!!!) and OET 65.

· Uncontrolled environments are averaged over 30 minutes, controlled environments over 6 minutes.

· Amateur operators are required to meet exposure limits to ensure the safety of amateurs, family and neighbors.

· Maximum Permissible Exposure limits are set up for 300 kHz to 100 GHz.

· MPE limits are based on SAR.

· RF exposure to the eye can cause heating, which can cause cataracts.

· High levels of RF exposure cause heating of body tissue.

· Do not stand with reach of a transmitting antenna; you could touch the antenna and be injured.

T0F – Routine Station Evaluation

· It is not necessary to perform calculations to determine exposure limits, there are alternate means.
· One way to conduct a routine station evaluation is to directly measure the RF fields.
· There are not documents establishing mandatory procedures for evaluating compliance with RF exposure limits.
· VHF base stations with more that 50 watts of PEP are NOT excluded from the routine evaluation requirement.
· In general, the lower the antenna, the stronger the RF on the ground. (So, for this question, you have three antennas at 30 meters, and one at 5 meters.  Guess which one is the right answer.)
· You can determine your compliance by : calculation based on Bulletin 65, computer modeling, or direct measurement. (all of the above).
· Below 50 watts PEP, you are excluded from routine evaluation for VHF stations; and above 50 watts, evaluation is required.
· Records of evaluation are not required, but may prove useful if the FCC asks for documentation.
· You can use a calibrated field strength meter with a calibrated sensor to measure RF levels.
· Antenna gain is part of the formulas used to perform calculations of RF exposure.
· Hand held transceivers are considered portable devices because the antenna is generally within 20 centimeters of the body.
· Ground interactions must be taken into account when using computer programs to model RF fields.
· It is most difficult to measure RF exposure in the near field.
Things You Should Know

This is the second of the BIG chapters with 6 questions.  It’s obvious that the FCC considers RF radiation exposure to be an important issue.  Aside from not wanting to scramble the neighbor’s television just when they’re sitting down to watch Survivor XII, you don’t want to cook their pet cat either!  Luckily, for most amateur stations, there is little if any danger of something like that happening.  The key thing here is that it’s your responsibility to see that it doesn’t.

It’s a very good idea to periodically evaluate your station to make sure you are within the limits.  It’s also a good idea to keep some sort of written record of your evaluation, just in case.  RF, like any form of electrical energy, can be dangerous.  If you don’t believe it, watch the bacon sizzle in your microwave sometime.  That’s RF.  Ok, your 2-meter HT isn’t putting out anything like the power of your microwave, nor is it anywhere near the same frequency, but it is the same basic form of energy.  That's why a station evaluation is necessary, to protect you, your family, your pets, and the neighbors.

Final Word

If you’ve made it this far, that’s IT!  You now have all the material you need to pass Element 2 and earn your Technician License.  What are you waiting for?  See you at the test.
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