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Problem 1 
 
Suppose that an investor in a corporation has the option also to invest in market assets, e.g. 
bonds, yielding an exogenous pretax rate of return i. Suppose that the tax rate on personal  
capital income is t.  

a. What is the opportunity cost of an investor liable to pay tax? 
b. What is the opportunity cost of an investor who is tax exempt? 

 
Suppose the pretax return to investment in the corporation is r, and the corporate tax rate is
τ . 

c. What is the pre-tax return to the corporate investment required by the investor in 
case a and case b, respectively. Assume there is no personal tax on dividends.  

d. What is the pre-tax return to the corporate investment required by the investor in 
case a if there is classical double taxation of dividends?  Does it matter whether the 
corporation can finance the investment by retained profits or needs to finance it by 
new equity?  Does it matter whether the corporation will be retaining the profits 
from the investment or using them to increase dividends? 

 
 
Problem 2 
 
Consider a simplified version of Sandmo’s model, with only one input factor which is capital 
(of only one type), and production in only one period.  Use the simplified notation 𝑋𝑋 for 𝑋𝑋1 
and 𝐾𝐾 for 𝐾𝐾11, and drop subscript 𝑗𝑗 for capital type.  Assume that the remaining capital, after 
depreciation, is sold at time 1, so that 

𝐼𝐼0 = 𝐾𝐾 
𝐼𝐼1 = −𝐾𝐾(1 − 𝛿𝛿) 
𝑅𝑅0 = −𝑞𝑞𝐾𝐾 

𝑅𝑅1 = 𝑝𝑝𝑋𝑋 + 𝑞𝑞𝐾𝐾(1 − 𝛿𝛿) = 𝑝𝑝𝑝𝑝(𝐾𝐾) + 𝑞𝑞𝐾𝐾(1 − 𝛿𝛿) 
 
(a) Find the first-order condition for maximization of present value of profits in case there 
are no taxes, when 𝑖𝑖 is the interest rate.  Verify that this is also a first-order condition for 
maximization of 𝜋𝜋1 as defined in Sandmo’s equation (10), simplified to only one input factor.  
Illustrate the solution in a diagram showing 𝑅𝑅1 as a function of 𝐾𝐾, with the optimum as a 
tangency.  Give an interpretation of the tangency condition. 
 
(b) Consider the tax system introduced in Sandmo’s equation (25), with a tax rate of 𝑠𝑠.  
Assume that 𝛼𝛼 = 𝛿𝛿, but that there may be less than full interest deduction.  Only the 
interest on a fraction 1 − 𝑘𝑘 of the value of capital is deductible, with 𝑘𝑘 ∈ [0,1].  Find the 
first-order condition for maximization of present value of after-tax profits, when 𝑖𝑖 is both the 
interest rate on loans and the discount rate used to calculate the present value to be 
maximized.  Illustrate the solution in the same diagram as before, showing now an additional 
curve with (1 − 𝑠𝑠)𝑅𝑅1 as a function of 𝐾𝐾.  For 𝑘𝑘 = 0 , show the optimum as a tangency 
condition, with interpretation.  For 𝑘𝑘 = 1,  show the optimum as a tangency condition, with 
interpretation. 
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(c) Consider now the case 𝑘𝑘 = 1 from part (b), and assume that a tax at the rate 𝑠𝑠 applies 
also to all alternative returns from capital that the investors have access to.  How does this 
affect the relevant discount rate for investors after tax?  Show that when the relevant after-
tax discount rate is applied, the optimal amount of capital is again independent of the tax 
rate.  (This is known as the Johansson-Samuelson theorem.  Notice that “independent of the 
tax rate” in this connection means “independent of any identical variation in both the CIT tax 
rate and the tax rate on the alternative return.”) 
 
(d) Define the average rate of return as 

𝑅𝑅1 − |𝑅𝑅0|
|𝑅𝑅0|  

What is the average rate of return for some arbitrary 𝐾𝐾 with the definitions given in the 
introduction?  Define the marginal rate of return in the same way, but with 𝑝𝑝(𝐾𝐾)/𝐾𝐾 
replaced with the derivative 𝑝𝑝′(𝐾𝐾).  (“The rate of return on another unit of capital 
invested.”)  Show that this gives the expression 
 �

𝑝𝑝
𝑞𝑞
�𝐹𝐹′(𝐾𝐾) − 𝛿𝛿 (i) 

What must this marginal rate of return be equal to (i.e., what is the minimum required rate 
of return) in the optimum in case there are no taxes?  Explain! 
 
(e)  The marginal rate of return in (i) also describes the marginal rate of return before taxes 
in case the firm pays taxes.  But then, the optimum condition will typically not be the same, 
so the required rate of return (in optimum) can be different from what you found in (d).  In 
part (b), with 𝑘𝑘 = 1, what is the required rate of return before taxes?  (Hint:  Rearrange the 
first-order condition so that the expression (i) is (alone) on one side of the equation.  What is 
on the other side?)  In that case, what is the required rate of return after taxes?  What is the 
EMTR? 
 
(f)  From part (c), what will be the required rate of return before taxes?  In that case, what is 
the required rate of return after taxes?  What is the EMTR?  Compare with (e) and try to 
explain the difference! 
 
(g)  A tax system is sometimes said to be neutral if it does not affect decisions, compared 
with a situation without that tax system.  Could you say (perhaps under some additional 
assumptions) that the tax system introduced in part (b) is neutral when 𝑘𝑘 = 0?  When 𝑘𝑘 =
1?  Explain! 
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