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Solution to Problem #11

This problem focuses on being able to work with both total cost and average
per unit cost.   As a brief review, we know that an average is equal to a
total divided by the number of.  Moving terms around, a total can be
computed by multiplying the average times the number of.

The definition of a variable cost is the total cost changes proportionally with
changes in activity.  If there is more activity, then there will be more
cost in total.  Proportionally means that the average cost per unit does not change.  An example
of a variable cost is raw materials.  If you are making a product, you need a certain amount of
raw material for each product.  If you make more products, then you will need more raw
materials and the cost will go up.

In this problem, the average cost per unit is given at $2 per unit (at 30,000 units).  For a variable cost,
this average cost per unit will apply to any number of units, be it 10,000, 20,000, or whatever. 
To get the total variable cost multiply the number of units times $2 ($2* 10,000 units = $20,000;
$2 * 20,000 units = $40,000.)

For variable costs
At this level of activity 10,000 20,000 30,000

Total costs $20,000 $40,000 $60,000

Average cost per unit $2 $2      $2 

The definition of a fixed cost the total cost does not change, no matter the number of units.  In this
problem, then, the total fixed cost is $60,000 at any number of units.  The average fixed cost per
unit is $6.00 at 10,000 units ($60,000 divided by 10,000 and $3.00 at 20,000 units ($60,000
divided by 20,000).

For fixed costs

At this level of activity 10,000 20,000 30,000

Total costs $60,000 $60,000 $60,000

Average cost per unit $6 $3 $2
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Solution to Problem #12

This problem focuses also on being able to work with both total cost and average per unit cost.   As a
brief review, we know that an average is equal to a total divided by the number of.  Moving terms
around, a total can be computed by multiplying the average times the quantity.

In this problem, each cost pattern can be studied separately.  Variable costs are going to stay the same
on a per unit basis ($3/unit = 150,000 ÷ 50,000) and increase in total (quantity times $3 per unit). 
Fixed costs are going to stay the same in total (always $250,000) and decrease on a per unit basis as
the denominator increases.

          Units: 50,000 75,000 100,000 
Total costs:
     Variable costs $150,000 $225,000 $300,000 
     Fixed costs  $250,000  $250,000  $250,000 
     Total costs $400,000 $475,000 $550,000 

Cost per unit
     Variable cost $3.00 $3.00 $3.00 
     Fixed cost    $5.00    $3.33    $2.50 
     Total cost per unit $8.00 $6.33 $5.50 
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Solution to Problem #13

(1) It costs $12,500 to produce 3,000 units, and $17,000 to produce 4,500 units. 

V = ($17,000 ! $12,500) ÷  (4,500 ! 3,000) = $4,500 ÷ 1,500 = $3 per unit
Since $12,500 = $3*3,000 + F, then F = $12,500 ! $9,000 = $3,500.

The total cost equation is equal to 3*X + 3,500.

(2) If X = 5,000, then total cost = 3*5,000 + 3,500 = $18,500.

If X = 6,500, then total cost = 3*6,500 + 3,500 = $23,000.
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Solution to Problem #14

The only thing different in problem 3 is the addition of a mixed cost pattern.  Recall that for mixed
costs, the total cost = V*X + F.  For the mixed cost, the first step is to compute V, the variable
cost per unit.  Divide the change in total dollars of cost ($48,000 less $32,000 = $16,000) by the
change in units of activity (24,000 less 8,000 = 16,000).  This gives a variable cost of $1 per
unit.  If $32,000 = 1 * 8,000 + F, then F = $24,000.  We can use this equation for total mixed
cost (1X + 24,000) to find the total cost at 12,000 units ($36,000).  A second way of looking at
total mixed cost is that at $1 per unit, the total mixed cost at 12,000 units will be $4,000 more
than at 8,000 units, because 4,000 additional units times $1 per unit of cost equals $4,000 of
additional cost. 

For this part of the table, the focus is on total cost
At this level of activity 8,000 12,000 24,000

cost a Variable costs $20,000 $30,000 $60,000

cost b Mixed costs $32,000 $36,000 $48,000

cost c Fixed costs  $48,000 $48,000 $48,000

   Total $100,000 $114,000 $156,000

For this part of the table, the focus is on total cost average cost per unit

At this level of activity 8,000 12,000 24,000

cost a Variable costs $2.50 $2.50 $2.50

cost b Mixed costs $4.00 $3.00 $2.00

cost c Fixed costs $6.00 $4.00 $2.00

   Total $12.50 $9.50 $6.50
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Solution to Problem #15

In trying to classify a type of cost, it is important to be aware of both its total cost at various quantities
of units, and its average cost per unit at those quantities.  Once aware of the pattern of its total
costs and the pattern of its average cost per unit, it is possible to classify it as variable (total cost
goes up, average cost per unit stays the same), fixed (total cost always stays the same and
average cost per unit decreases as the number of units increase) and mixed (total cost goes up as
there are more units of quantity, and the average cost per unit decreases as the number of units
increase).

   8 units      20 units      24 units   

   F   Cost A $105.00 per unit $42.00 per unit $35.00 per unit

$840.00 total $840.00 total $840.00 total

   V   Cost B $48.00 total $120.00 total $144.00 total

$6.00 per unit $6.00 per unit $6.00 per unit

   M   Cost C $180.00 total $300.00 total $340.00 total

$22.50 per unit $15.00 per unit $14.04 per unit

Cost A is fixed, with the total cost staying the same at any number of units.

Cost B is variable, with the per unit cost remaining constant and the total cost increasing
proportionately to the number of units.

Cost C is mixed (semivariable), with the total cost increasing and the per unit cost decreasing.  Its total
cost equation is $10*X + $100.
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Solution to Problem #16

Using techniques from previous problems, the expenses are first classified as variable, fixed or mixed. 
Cost of goods sold is variable; advertising, insurance and depreciation are fixed; and shipping and
salaries/commissions are mixed.  The equations for each are:

Sales revenue is $140X
Cost of goods sold is 56X
Shipping is 8X + 20,000
Advertising is 0X + 70,000
Salaries/commissions is 24X + 35,000
Insurance is 0X + 9,000
Depreciation is 0X + 42,000

Traditional format April   May   June   July   
Sales in units 3,000 3,750 4,500 5,010

Sales revenue $420,000 $525,000 $630,000 $701,400
Cost of goods sold    168,000    210,000    252,000    280,560
Gross margin 252,000 315,000 378,000 420,840
Operating expenses
   Shipping expense 44,000 50,000 56,000 60,080
   Advertising expense 70,000 70,000 70,000 70,000
   Salaries & commissions 107,000 125,000 143,000 155,240
   Insurance expense 9,000 9,000 9,000 9,000
   Depreciation expense    42,000    42,000    42,000    42,000
Total operating expenses  272,000  296,000  320,000  336,320

Net operating income (20,000) 19,000 58,000 84,520

Contribution margin format April   May   June July
Sales in units 3,000 3,750 4,500 5,010

Sales revenue $420,000 $525,000 $630,000 $701,400
Variable costs
   Cost of goods sold 168,000 210,000 252,000 280,560
   Shipping 24,000 30,000 36,000 40,080
   Salaries & Commissions     72,000     90,000   108,000   120,240
   Total variable  264,000   330,000   396,000   440,880
Contribution margin 156,000 195,000 234,000 260,520
Fixed costs
   Shipping expense 20,000 20,000 20,000 20,000
   Advertising expense 70,000 70,000 70,000 70,000
   Salaries & commissions 35,000 35,000 35,000 35,000
   Insurance expense 9,000 9,000 9,000 9,000
   Depreciation expense    42,000    42,000    42,000    42,000
Total fixed expenses  176,000  176,000  176,000   176,000

Net operating income (20,000) 19,000 58,000 84,520
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Solution to Problem #17

Using techniques from previous problems, the expenses are first classified as variable, fixed or mixed. 
Cost of goods sold is variable; advertising, insurance and depreciation are fixed; and shipping and
salaries/commissions are mixed.  The equations for each are:

Sales revenue is $80X
Cost of goods sold is 48X
Advertising is 0X + 21,000
Shipping is 3.2X + 18,000
Salaries/commissions is 9.6X + 30,000
Insurance is 0X + 6,000
Depreciation is 0X + 15,000

The Los Alamos Company has prepared budgeted income statements in the traditional format for
5,000 and 10,000 units. 

Traditional format:

5,000 units 10,000 units 12,000 units
Sales revenue $400,000 $800,000 960,000
Cost of goods sold   240,000   480,000   576,000
Gross Margin 160,000 320,000 384,000
Advertising expense 21,000 21,000 21,000
Shipping expense 34,000 50,000 56,400
Salaries & commissions 78,000 126,000 145,200
Insurance expense 6,000 6,000 6,000
Depreciation expense     15,000     15,000     15,000
Operating profit/income 6,000 102,000 140,400

Contribution margin format
5,000 units 10,000 units 12,000 units

Sales revenue $400,000 $800,000 960,000
Variable costs
    Cost of goods sold 240,000 480,000 576,000
    Shipping 16,000 32,000 38,400
    Salaries/commissions    48,000  304,000    96,000  608,000 115,200  729,600
Contribution Margin 96,000 192,000 230,400
Fixed costs
    Advertising 21,000 21,000 21,000
    Shipping expense 18,000 18,000 18,000
    Salaries & commissions 30,000 30,000 30,000
    Insurance expense 6,000 6,000 6,000
    Depreciation expense    15,000    90,000    15,000    90,000    15,000    90,000
Operating profit/income 6,000 102,000 140,400
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Solution to Problem #18

1. The equation for total costs for the Albuquerque Company is:
Total cost = 4X1 + 17X2 +500X3 +20,000

If X1=3,000, X2 = 400 and X3 = 3, then compute the amount of total cost.
Total cost = (4*3,000) + (17*400) + (500*3) + 20,000

Total cost = $12,000 + $6,800 + $1,500 + $20,000
Total cost = $40,300

2. The equation for total costs for the Las Cruces Company is:
Total cost = 17X1 + 6,000X2 +300,000X3 +2,000,000

If X1=4,500, X2 = 3,200 and X3 = 36, then compute the amount of total cost.
Total cost = (17*4,500) + (6,000*3,200) + (300,000*36) + 2,000,000

Total cost = $76,500 + $19,200,000 + $10,800,000 + $2,000,000
Total cost = $32,076,500

Solution to Problem #19

1. 6X !5X !20,000 = π
at X=10,000 60,000 ! 50,000 ! 20,000 = !10,000
at X=25,000 150,000 ! 125,000 ! 20,000 = +5,000

2. 8X !6X !15,000 = π
at X=10,000 80,000 ! 60,000 ! 15,000 = + 5,000

3. For 0<X#10,000, 10X !5X ! 15,000 = π
For 10,000<X, 10X ! 5*10,000 ! (X-10,000)*7 ! 15,000.

If X = 7,000, profit = 70,000 ! 35,000 ! 15,000 = +20,000
If X = 22,000, profit = 220,000 ! 5*10,000 ! 7*12,000 ! 15,000 =  +71,000

4. For 0<X#10,000, 9X - 4X - 30,000 = π
For 10,000<X, 9X - 4X - 50,000 = π

If X = 7,000, profit = 9*7,000 ! 4*7,000 - 30,000 =  +5,000.
If X = 13,000, profit = 9*13,000 ! 4*13,000 ! 50,000 =  +15,000
If X = 20,000, profit = 9*20,000 ! 4*20,000 ! 50,000 =  +50,000
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Solution to Problem #20

1. 6
2. 11
3. 1
4. 4.
5. 2.
6. 10
7. 3
8. 7
9. 9

Solution to Problem #21

For the following types of costs, graph total costs on the vertical axis and total units on the horizontal
axis.  Your graph can be a simple hand-drawn graphic 

A. Costs are $5 per unit for the first 20,000 units, $6 per unit thereafter.
B. Costs are $3 per unit for the first 20,000 units, $2 per unit thereafter.
C. Costs are $3 per unit plus $10,000, with an additional $5,000 after the 20,000th unit.
D. Variable costs are $3 per unit for the first 20,000 units, $2 per unit thereafter.  Fixed costs

are $10,000 initially, with an additional $5,000 after the 20,000th unit.
E. Costs are $10,000 initially, with a variable cost of $2 per unit only after the 20,000th unit.
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Solution to Problem #22
Two income statements: traditional & contribution margin

For example, the XYZ company has sold 20,000 units of a product.  There are no beginning or ending
inventories.

Sales price per unit $40
Variable cost of manufacturing per unit $17
Variable cost of selling & admin per unit $13
Fixed cost of manufacturing in total $70,000
Fixed cost of selling & admin in total $25,000

The traditional income statement is:

Sales revenue $800,000 20,000 units * 40
  Cost of goods sold    !410,000 20,000 units * 17 + 70,000
Gross margin $390,000
  Selling & admin.   !285,000 20,000 units * 13 + 25,000
Profit $105,000

The contribution margin income statement is:

Sales revenue $800,000 20,000 units * 40
  Var manufacturing !340,000 20,000 units * 17
  Var selling & admin.    !260,000 20,000 units * 13
Contribution margin $200,000
  Fixed manufacturing !70,000
  Fixed selling & admin.    !25,000
Profit $105,000
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Solution to Problem #23
Two income statements: traditional & contribution margin

For example, the ABC company has sold 25,000 units of a product.  There are no beginning or ending
inventories.

Sales price per unit $110
Variable cost of manufacturing per unit $30
Variable cost of selling & admin per unit $40
Fixed cost of manufacturing in total $300,000
Fixed cost of selling & admin in total $110,000

Traditional income statement is:

Sales revenue $2,750,000 25,000 units * 110
  Cost of goods sold    !1,050,000 25,000 units * 30 + 300,000
Gross margin $1,700,000
  Selling & admin.    !1,110,000 25,000 units * 40 + 110,000
Profit $590,000

Contribution margin income statement is:

Sales revenue $2,750,000 25,000 units * 110
  Var manufacturing !750,000 25,000 units * 30
  Var selling & admin.   !1,000,000 25,000 units * 40
Contribution margin $1,000,000
  Fixed manufacturing !300,000
  Fixed selling & admin.      !110,000
Profit $590,000
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Solution to Problem #24
Cost estimation with uncertainty

The ABC company estimates costs with the total cost equation:
Total costs = $37,513 + $32.69*X

with a standard deviation (standard error of the estimate) of $2,437.42.  The ABC company assumes
that the variation of actual costs is normally distributed, and that use of standard Z tables is
appropriate.

1. If production this month is expected to be 1,000 units, estimate a 95% confidence interval for
projected costs.

For this problem, you want enough standard deviations below the mean to capture 95%/2 =
47.5% of the area, and enough standard deviations above the mean to capture the other 95%/2 =
47.5% of the area.  Looking up the probabilities in the table, and finding the associated Z scores,
the range will be between –1.96 and +1.96 standard deviations of the mean.

The mean (or average) predicted cost at 1,000 units is 37,513 + 32.69*1,000 = 37,513 + 32,690
= 70,203.

The lowest cost point in the 95% confidence interval range is 70,203 – 1.96*2,437.42 = 70,203 –
4,777 = 65,426.

The highest cost point in the 95% confidence interval range is 70,203 + 1.96*2,437.42 = 70,203
+ 4,777 = 74,980.

In summary, the 95% confidence interval range is:
65,426 to 74,980

2. Estimate total costs at 1,200 units.  At 1,200 units, what is the probability that total costs will
exceed $80,000.

Estimated costs at 1,200 units are: 37,513 + 1,200*32.69 = 37,513 + 39,228 = 76,741

$80,000 is (80,000 – 76,741) / 2,437.42 = +1.337, or +1.34 standard deviations above the mean
of 76,741.  The probability of being above +1.34 standard deviations is 1 – 0.9099 = 0.0901, or
less than 10%.
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Solution to Problem #25
Cost estimation with uncertainty

The ABC company estimates costs with the total cost equation:
Total costs = $52,610 + $73.41*X

with a standard deviation (standard error of the estimate) of $4,437.42.  The ABC company assumes
that the variation of actual costs is normally distributed, and that use of standard Z tables is
appropriate.

1. If production this month is expected to be 1,000 units, range the range in total costs that
encompasses +1 standard deviation to –1 standard deviation.  Using standard Z tables, how
likely is total cost to be within this range?

Probability of middle range is P(Z = +1) – P(Z = –1) = 0.8413 – 0.1587 = 0.6826

2. If production this month is expected to be 1,500 units, range the range in total costs that
encompasses +2 standard deviation to –2 standard deviation.  Using standard Z tables, how
likely is total cost to be within this range?

Probability of middle range is P(Z = +2) – P(Z = –2) = 0.9772 – 0.0228 = 0.9544

3. Estimate total costs at 1,200 units.  At 1,200 units, what is the probability that total costs will
exceed $150,000.

Total cost = 52,610 + 73.41*1,200 = 52,610 + 88,092 = 140,702.

Z score for 150,000 of cost = (150,000 – 140,702) / 4,437.42 = 2.10

P(Z > 2.10) = 1.00 – 0.9821 = 0.0179 or 1.79%
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