Optical Systems

Power Calculations Worksheet


Using Decibels to measure power loss in FO Cables

The decibel is used to measure power losses in FO cable systems. Decibels may be added together along a link to obtain the power loss over the entire system. 

The power loss of FO cabling is measured in dB per unit length, typically dB/ km.

The standard formula for calculating decibels is:


dB = 10 log10 (Pout / Pin )

Where Pout is the power out and Pin is the power put into the cable. 

The log10 is the base 10 logarithm. This is the log key on your calculator.

For a rule of thumb, a 3dB loss indicates that half the power that was put into the cable has arrived at the output. 

Worked Example

The power input to a FO cable is 5 milliwatts and the output power is measured as 2 milliwatts. What is the power loss in dB?


dB = 10 log10 (Pout / Pin )


= 10 log10 ( 2mW/ 5mW ) 


= 10 log10 ( 0.4 )


= 10 x -0.397


= - 3.97 dB

Worked Example 

A cable has loss figure of 5dB per kilometre (5dB/ km). If a 3 km length is used and the input power is 10 mW, what will the output power be?

Cable is 3 km long. Total loss must be 3 x 5 = 15 dB for the whole cable. We must remember that loss is NEGATIVE

We can now rewrite the defining equation


dB = 10 log10 (Pout / Pin )


-15 = 10 log10 (Pout / 10 mW )

Now rearrange the equation to put the known quantities on the left. Start by dividing both sides by 10

-15/ 10 = log10 (Pout / 10 mW )

Now take the inverse log of both sides to bring the log part over to the left

INV log10 ( -15/ 10) = (Pout / 10 mW )

At this point we can evaluate the left hand side:

INV log10 -1.5 = (Pout / 10 mW )

0.03162 = Pout / 10 mW 

Now multiply both sides by 10 mW to gain the answer:

0.03162 x 10 mW = Pout
0.3162 mW = Pout

This can also be expressed as 316.2 microwatts

Worked Example

One FO cable has a loss of 11 dB is joined to another of 16 dB. The join has a loss of 1 dB. What will be the total loss of the new cable?

This is simple. Add the quantities together.

Loss = 11 +16 +1 = 28 dB

Examples for you to try

1. The power into a FO cable is 7 mW and the measured power at the output is 3.5 mW. What is the loss of this cable in dB?

2. The power into a FO cable is 11 mW and the measured power at the output is 1 mW. What is the loss of this cable in dB?

3. The cables in parts 1 and 2 are spliced together and the join has a loss of 2.5 dB. What will be the loss of the joined cable?

4. 50 km of low loss FO cable having a loss rating of 1.6 dB/ km is used to link 2 towns. The transmitter has a power of 33 mW. The receiver needs to receive at least 30 microwatts to function properly. Will this proposed system work? Explain your answer.

5. Two towns are 20 miles apart. A FO link is proposed and the sensitivity of the receiver is such that it needs to receive 50 microwatts of light power. The proposed cable is the finest and has a loss of 1 dB/ km. What must the input power be for this system to work. Remember that 1 mile = 1.6 km.

6. An undersea FO link is proposed. The link will be 200 km long. This will involve joining two lengths of cable of 100 km with loss of 1 dB/ km with an optical repeater. Assume that the connections to the repeater are perfect and have zero loss. The receiver must receive 20 microwatts to function correctly and the proposed light source will be 500 mW. What gain will the repeater need to have to make this system work properly? Hint: the losses are negative dB values but the amplifier will be positive value of dBs. 

7. The transmitter of an FO system is 15 mW and the receiver needs 20 microwatts to function. If the cable linking them has loss of 9dB/ km, how long can this cable be before the received power is too low for the system to work?

8. A FO link is proposed that has a transmitter of power 500 mW and the receiver sensitivity is 25 microwatts. The cable will need to be 150 km long. The best cable that can be bought has loss of 1 dB/ km. Will this system work without repeaters? Explain your answer
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