
Phys 24 
Homework 5 – partial solutions.  

1. During the 11-year solar activity cycle, the solar constant goes from about 1360 
W/m2 at solar minimum to 1361 W/m2 at solar maximum.   

a. How much extra radiative forcing is there at the peak of the cycle 
compared to the minimum?   (Careful – it’s not 1 W/m2!) 

To do this, you need to find the change in Ein caused by this change in S.  
First calculate Ein (with our usual formula of 𝑆(1− 𝛼)/4) using 1360 and 
then calculate it using 1361.  The difference between these two is the 
radiative forcing, which turns out to be 0.175 W/m2 .  

b. If the Sun stayed at that maximum, how much would the equilibrium 
temperature of the Earth rise? 

There are two ways to do this, which make different assumptions.  You 
could do the sort of calculation that we did in Chapter 5, assuming a one-
layer atmosphere, the two given value of S, and a typical albedo, and 
then calculate the temperatures for the two values of S using  

T = (n+1)S(1−α)
4σ

4

 

Then if you find the difference in temperatures, you have your answer.  
However, this answer assumes that feedbacks are not important – 
something we know not to be realistic for the Earth. (That is, we know 
that feedbacks are important.)  Nonetheless, I gave full credit for this sort 
of solution, since it’s logically consistent and similar to things we’ve done.  

The more accurate way to do the calculation is also a lot simpler – we just 
use the radiative forcing from part (a), and use climate sensitivity to find 
out how much temperature change we’d get.  (That’s what climate 
sensitivity does for you – it’s just a conversion factor between radiative 

forcing and temperature change.)  With a climate sensitivity of 
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and a radiative forcing of 0.175 W/m2 , we just multiply the numbers 
together to get a temperature change of 0.175 x 0.75 = 0.131° C.  If you 



do the calculation the first way I outlined, assuming no feedbacks, you 
should get an answer about 1/3 as large.  

c. Why don’t we observe the temperature of the Earth to go up and down in 
response to the Sun’s activity cycle?  

The short answer is timescale.  The Sun is varying on an 11-year cycle.  
The Earth, on the other hand, is very slow to respond to changes in 
energy input, due to the large amount of energy it takes to heat up the 
huge volume of water in the oceans by even a fraction of a degree.  So 
even though the Sun does get brighter periodically and deliver more 
energy to Earth, it gets dimmer again before the Earth is able to respond.  
Only a sustained change in the Sun’s output over many decades would 
start to create a change in the Earth’s average temperature.  

  


