


Solutions 

 

1. Method 1: 

If P(b) = 0 for some integer b, then   

1 + 𝑎1𝑏 + 𝑎2𝑏2 + ⋯ + 𝑎𝑛𝑏𝑛 = 0     𝑏(𝑎1 + 𝑎2𝑏 + ⋯ + 𝑎𝑛𝑏𝑛−1) = −1. 

 

But this implies that b divides ±1 and the only integers that can do that are ±1 and 1. 

 

If b = 1, then    𝑃(𝑏) = 1 + 𝑎1 +  𝑎2 + … +  𝑎𝑛 which is odd and so cannot be 0.   

If b = ±1, then  𝑃(𝑏) = 1 − 𝑎1 +  𝑎2 − … +  (−1)𝑛𝑎𝑛 

                       = (1 + 𝑎1 +  𝑎2 + … +  𝑎𝑛) − 2(𝑎1 +  𝑎3 +  𝑎5 + ⋯ )   
which is also odd and so cannot be 0.  Therefore, there are no integer solutions to P(x) = 0. 

 

Method 2: 

If P(b) = 0 for some integer b: 

If b is even, then  1 + 𝑎1𝑏 + 𝑎2𝑏2 + ⋯ + 𝑎𝑛𝑏𝑛 , cannot be zero. 

If b is odd, 𝑏 = 2𝑘 + 1   then 𝑃(2𝑘 + 1) = 1 + 2𝑘𝑚 + 𝑎1 +  𝑎2 + ⋯ + 𝑎𝑛 , cannot be zero. 

 

2. Since (2024, 2420) = 44, then 

2024 = 44s and 2420 = 44r for some integers r and s where (r, s) = 1 (i.e. r and s are relatively prime).  

Noting that 
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quotients: 
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4. Denote the number of red marbles in the first urn by r and the total number of marbles in the 

second by t.  



 

Method 2:  

The rate at which the angle between two hands of the clock changes is constant. As a result: if we 

see that at a time T hours later than 12:00, the minute hand is 120 degrees past the hour hand, then 

at a time 2T hours later than 12:00, the minute hand is 240 degrees past the hour hand, and at a time 

3T hours later than 12:00, the minute hand is 360 degrees past the hour hand: they meet again. 

 

Similarly, if at a time T hours later than 12:00, the second hand is 120 degrees past the minute hand, 

then at a time 3T hours later than 12:00, the second hand is 360 degrees past the minute hand - and 

they also meet. So, if we see Figure A (or, by a similar argument, Figure B) at time T, then at time 

3T, we must see all three hands in the same place. This only happens every 12 hours. 

 

Notice that the minute hand moves 12 times faster than the hour hand, so it passes the hour hand 

11 times over the course of 12 hours: every time the hour hand makes 1/11 of a circle. Over that 

time, the second hand makes 65 full turns and another 5/11 of a circle, so it advances by 4/11 of a 

circle relative to the other two hands every time they meet. This has to repeat 11 times for the 

second hand to meet the other two, at which point it's 12:00 again. 

 

Since 3T is a multiple of 12 hours, T must be a multiple of 4 hours, and we only need to investigate 

two times to see if they look like Figure A or Figure B: we need to check 4:00 and 8:00. However, 

we don't see Figure A or Figure B at those times: instead, the second hand and the minute hand 

meet at the top of the clock. Therefore, we never see Figure A or Figure B. 


