Solution

When the hour travels 30 deg., the minute hand travels 360 deg. that is 12 times. 

            Let the angle between both the hands be(. Obviously, minute hand is ahead of hour hand in the clockwise sense, since hour hand will turn to occupy the minute hand’s position. So the minute hand will travel 12( when the hour hand will travel (. But the minute hand and hour hand interchange their positions, therefore, 

( + 12( = 360

Which gives value of ( = 27.69

            Now since our initial time is ahead of 4 o clock, let the hour hand be at an angle ( after 4 o clock, and the minute hand is ( after hour hand, and 12 to 4 is 120. Therefore, when the minute hand traveled, 120 + ( + (, the hour hand traveled (, ahead of 4 o clock (to give the initial time which was ahead of 4 o clock). Therefore we have,
120 + ( + ( = 12(
Solving, ( = 13.43, therefore, 120 + ( + ( = 161.118

              This is the travel angle of the minute hand; for a minute hand, 6 deg.s correspond to 1 minute, therefore we divide the above value to get the DECIMAL VALUE of the minute after 4 o clock, of the initial time. We call the quotient as the minutes and multiply the digits after the decimal point to get the seconds. 

Thus, the initial time is 4hours, 26 minutes, and 51 second, approximately (since, there still are some digits after a decimal point, in 51 seconds)
               After the interval the hands interchange their positions, therefore the hour hand is now at 161.118 from 12 o clock. For an hour hand, 30 deg.s correspond to 1 hour. Therefore we divide the above angle with 30 to get the decimal value of hour, and following a similar reasoning, as we followed earlier, we calculate the minutes, and seconds, to get the final time, which works out to be 5 hrs, 22mins, and 14 secs. (Plus extra time, less than 1 second).

                This calculation can also be generalized assuming the time for the hand to interchange their positions was not necessarily less than 1 hour, in which case, the value of ( will not be a single number but a set of multiples of 360/13. This gives 13 such possibilities.

