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Dimensional analysis example problems

PROBLEM \(\Pagelndex{1}\) Write the conversion factors (as ratios) for the number of: (a) kilometers in 1 mile (b) liters in 1 liquid quart (c) grams in 1 ounce Answer a 1.6093 km : 1 mi Answer b 0.94635 L : 1 gt Answer c 28.35g: 1 oz PROBLEM \(\Pagelndex{2}\) The label on a soft drink bottle gives the volume in two units: 2.0 L and 67.6 fl oz.
Use this information to derive a conversion factor between the English and metric units. Answer $$\frac{2.0L}{67.6 fl 0z.}=\frac{0.030 L} {1 fl 0z.}$$ Click here to see a video of the solution PROBLEM \(\Pagelndex{3}\) The label on a box of cereal gives the mass of cereal in two units: 978 grams and 34.5 oz. Use this information to find a
conversion factor between the English and metric units. Answer $$\frac{978 g}{34.5 oz}=\frac{28.35 g}{1 o0z.}$$ PROBLEM \(\Pagelndex{4}\) Soccer is played with a round ball having a circumference between 27 and 28 inches and a mass between 14 and 16 oz. What are these specifications in cm and g? Answer 68.6 cm to 71.1 cm 396.9 g to
453.6 g PROBLEM \(\Pagelndex{5}\) How many milliliters are in a 12 0z soda can? Answer 354.9 mL. PROBLEM \(\PageIndex{6}\) A barrel of oil is exactly 42 gal. How many liters of oil are in the barrel? Answer 159 L Click here to see a video of the solution. PROBLEM \(\Pagelndex{7}\) The diameter of a red blood cell is about 3 x 10-4 inches.
What is the diameter in centimeters? Answer 7.6 x 10-4 cm PROBLEM \(\PageIndex{8}\) The distance between the centers of two oxygen atoms in an oxygen molecule is 1.21 x 10-8 cm. What is this distance in inches? Answer 4.76 x 10-9 in PROBLEM \(\PageIndex{9}\) Is a 197-1b weight lifter light enough to compete in a class limited to those
weighing 90 kg or less? Answer Yes (They weigh 89.35 kg) PROBLEM \(\PageIndex{10}\) Complete the following conversions between SI units. (a) 612 g =?mg (b) 8.160 m =?cm (c) 3779 ug=?g(d) 781 mL=?L(e)4.18kg=?g (f) 27.8 m=?km (g) 0.13mL =?L (h) 1738 km =?m (i) 1.9 Gg=? g Answer a 612,000 mg Answer b 816.0 cm
Answer ¢ 3.779x 10-3g Answer d 0.781 L. Answer e 4180 g Answer f0.0278 km Answerg 1.3x 10-4 L. Answer h 1,738,000 m Answeri 1.9 x 109 g PROBLEM \(\Pagelndex{11}\) Make the conversion indicated in each of the following: (a) the men's world record long jump, 29 ft 4.5 in, to meters (b) the greatest depth of the ocean, about 6.5 mi,
to kilometers (c) the area of an 8.5 by 11 inch sheet of paper in cm2 (d) The displacement volume of an automobile engine, 161 in3, to L (e) the estimated mass of the atmosphere, 5.6 x 1015 tons, to kilograms (1 ton = 2000 lbs) (f) the mass of a bushel of rye, 32.0 b, to kilograms (g) the mass of a 5.00 grain aspirin tablet to milligrams (1 grain =
0.00229 0z) Answera 8.96m Answerb 10.46 km Answer c 603.22 cm2 Answerd 2.64 L. Answer e 5.08 x 1018 kg Answer f 14.52 kg Answer g 324 mg Click here to see a video of the solution(s). PROBLEM \(\PageIndex{12}\) Many chemistry conferences have held a 50-Trillion Angstrom (A) Run. How long is this run in kilometers and in
miles? (1 A =1x10-10 m) Answer 5 kilometers or 3.1 miles PROBLEM \(\PageIndex{13}\) As an instructor is preparing for an experiment, he requires 225 g phosphoric acid. The only container readily available is a 150-mL Erlenmeyer flask. Is it large enough to contain the acid, the density of which is 1.83 g/mL? Answer Yes, because the acid's
volume will be 122.95 mL PROBLEM \(\PageIndex{14}\) In a recent Grand Prix, the winner completed the race with an average speed of 229.8 km/h. What was the speed in miles per hour, meters per second, and feet per second? Answer 142.8 mi/h; 63.8 m/s; 209 ft/s Click here to see a video of the solution. PROBLEM \(\PageIndex{15}\) Calculate
these masses. (a) what is the mass of 6.00 cm3 of mercury (density = 13.5939 g/cm3)? (b) what is the mass of 25.0 mL octane (density = 0.702 g/cm3)? (c) what is the mass of 4.00 cm3 of sodium (density = 0.97 g/cm3)? (d) What is the mass of 125 mL gaseous chlorine (density = 3.16 g/L)? Answer a 81.5634 g Answer b 17.55 g Answer ¢ 3.88 g
Answer d 0.395 g Click here to see a video of the soltion. PROBLEM \(\PageIndex{16}\) Calculate the following volumes. (a) What is the volume of 25 g of iodine (density = 4.93 g/cm3)? (b) What is the volume of 3.28 g gaseous hydrogen (density = 0.089 g/L)? (c) What is the volume of 11.3 g graphite (density = 2.25 g/cm3)? (d) What is the volume of
39.657 g bromine (density = 2.928 g/cm3)? Answer a 5.07 mL Answer b 36.9 L Answer ¢ 5.02 mL Answer d 13.54 mL Click here to see a video of the solution. PROBLEM \(\PageIndex{17}\) Convert 195.7 in2 to m2. Answer 0.126 m2 Click here to see a video of the solution. All the measurements such as quantity, length, and volume are given with
a number and a unit. For example, 2.5 lb, 35 miles, 15 gallons and etc. Now, these units are familiar to you if you live in a country that uses the English system, but they may not be as evident for someone who is in a country where the metric system is used. Kilogram, centimeter, and Celsius which are the measuring units there are probably just as
foreign to you. This issue of having inconsistent units spread to scientists too as they were not able to communicate their data accurately across research groups in different countries and therefore, the International System of Units (SI), was set to be the standard for communication. It is based on the metric system, and in today’s article, we will learn
some strategies for converting different units including the metric ones. Dimensional Analysis The most common tool used for converting units is the dimensional analysis and it is a convenient approach for doing that. The only thing we need for dimensional analysis is what is called conversion factors and correctly picking them for our conversions.
So, what is a conversion factor? These are essentially the ratios of the units for the given quantity. For example, we know that 1 ft is 12 in, and therefore, we can derive two conversion factors by simply getting the ratio of these units: Once we have the conversion factor, we can convert a quantity given in one unit into an equivalent quantity with a
different unit by multiplying it with the correct factor. Let’s say we need to calculate how many inches 4.58 ft is. The first step is to write the conversion factors, and we have already got for the ft-in relationship: Step 2. Choose the correct conversion factor. The idea is that we need to cancel the original units into final units which means we need to
pick the conversion factor where the initial unit is in the denominator. In this case, it is the second conversion factor since it allows to cancel the ft: All we need to do at this point is multiply the initial number with the conversion factor: Notice that we kept 3 significant figures even though 12 in has only two as written. The reason for this is the
conversion factors have an infinite number of significant figures because they are not measured but rather set numbers. In other words, nobody is using a ruler with limited accuracy to tell how many significant figures they think it has. So, for your calculations, the number of significant figures is always going to be limited by the given number and
not the conversion factors. Summarizing what we did, we can write the steps as follows: Below are some of the common conversion factors for the length that you are going to need in a general chemistry class: Let’s now try to convert 241 miles to ft. First, we find that 1 mi is 5280 ft, and therefore, the conversion factors are: Out of these, we need to
pick the second one since it has the mi in the denominator, and we can cancel them with the initial data: Multi-Step Unit Conversion Sometimes, you may not be given a conversion factor between two units. For example, how many inches is 2.68 km? In these cases, you will need to link the units through in more than one conversion. We can find from
the table that 1 km is 1000 m, and 1 m is 100 cm which in turn can be converted to inches because we find that 1 in = 2.54 cm. So, the plan is km - m — cm - in. A great thing about dimensional analysis is that we can combine all the steps in one operation by simply adding the correct conversion factors one by one. You can first write the initial
number with the unit, and add a fraction with just units in the correct place: And once we know which units go to the denominator, we can write the correct conversion factors from the table: Another example, convert 1459 km to yards given that 1 m = 1.09361 yd. The plan here would be going from km to m, and m to yd. Keep in mind that there
might be several ways of going about the same conversion depending on what factors we have. For example, if we did not have the m-yd conversion, we could go km - m - cm - in - ft - yd based on the data we have in the table. Converting Mass Units There is no difference in what units you are converting - dimensional analysis is always based on
the same strategy. For example, how many kilograms is 6.85 1b? Here are some conversion numbers for mass units that we can use to pick suitable factors: Based on these, we can set up a plan lb — g — kg: Converting Volume Units Unlike the mass and the length, there are two types of units for the volume. In one of them, the volume is given in a
simple unit such as L, mL, or gallon, which already presume a volume, and the other is when the volume is given cubes. This, in general, is referred to units raised to a power, and for volume, it is the cube. Let’s do an example with a simple volume unit conversion first. Using the conversion factors given below, calculate the volume of 5.26 L water in
gallons. To find the correct conversion factors, first look for a unit that is correlated to liters. In this table, it is the gt which is then linked to gallons. Therefore, we can write a two-step conversion using dimensional analysis: Converting Units Raised to Power The most important thing you need to remember here is to raise both the number and unit to
the given power. For example, if 1 in = 2.54 cm, then Do not confuse this when the problem says, for example, how many cm?2 is 15 in2. You do not want to square 15 because that number whatever it was is already squared and it is the final number with the squared unit. So, to find this in cm2, we write: Converting Volume Units Raised to Power
What is the volume of a textbook in cm3 if the sides are 10.5 and 7.90 in respectively and the thickness is 1.85 in? We can first calculate the volume in in3 by multiplying the sides and the thickness: V (in3) = 10.5in x 7.90 in x 1.85 in = 153.46 in3 Next, we use dimensional analysis to convert in3 to cm3: Converting Quantitates with Two Units A good
example of measurements with two units is the speed which is described by the ratio of distance over time. For example, 75 mi/h means the vehicle goes 75 mi per hour. So, let’s say we are asked to express this speed in m/s. This may look confusing at first, but don’t worry - we are going to follow exactly what we have been doing for converting one
unit. The only difference is that we repeat the process for the two units as if we are converting separate units. It does not matter which you nit you start with, so we can go with the miles. The conversion plan for miles to meters would be mi - km — m, and therefore we can write the first part as: This part converts the miles to meters and next, we do
the same for the hours-seconds by simply adding the conversion factors: So, the first part gets us to meters, and the second part converts the hours to seconds. Notice that because the hour is in the denominator, place it at the top and the minute at the bottom for the first conversion factor. Check Also 1. Perform each of the following conversions. a)
5.98 cm to millimeters b) 65 cm to meters ¢) 4.87 mm to inches (1 in = 2.54 cm, 1 cm = 10 mm) d) 2894 ft to kilometers (1 mi = 1.609 km) e) 6854 m to miles (1 mi = 1.609 km) f) 548 1b to kilograms g) 451 oz to kilograms h) 1564 mL to gallons (1 gal = 3.785 L) i) 659 mL to quarts j) 72 gal to milliliters k) 482 1b to grams 1) 54 quarts to milliliters a) b)
c)d)e) f) g) h)i)j) k)1) 2. How many dozen eggs are in 15,652 eggs? 3. How many years are in 5,489 days? 4. How many weeks are in 2.5 centuries? (1 yr. = 52 weeks) 5. Perform each of the following conversions. a) 45 cm2 to in2 b) 59 mm?2 to ft2 c) 995 ft2 to m2 d) 2.54 dm3 to in3 (1 dm = 10 cm) e) 4.22 gallons to cm3 (1 L = 1000 cm3) f) 5.64 L to
ft3 a) b) ¢) d) e) f) 6. Would 550 m2 of fabric be enough to upholster 200 chairs if each requires 35.4 ft2 fabric? 7. Convert 16.4 cubic decimeters (16.4 dm3) to gallons, using the following conversion factors: 2.54 cm = 1 in, 231 in3 = 1 gallon, 1 dm = 10 cm 8. 8) Perform each of the following conversions. a) 195 cm/s to mi/h b) 55 km/h to yd/min (1 m
= 1.094 yd) c) 45 mi/h to m/s a) b) c) 9. The world record for 100-m dash is 8.58 s. Calculate the average speed of the athlete in mi/h. 10. Assuming constant speed, how long will it take for the athlete to run 500. m if she runs the 100-yard dash in 12.0 s? 11. Ho many liters of soda will be needed for 50 guests if each of them drinks 10. fl. oz. of soda?
12. What is the speed of a car in cm/s if it goes 25 mi/h? 13. Would a car traveling at a constant speed of 62 km/h violate a 40 mi/h speed limit? 14. A kilogram of mandarin costs 1.45 euros. Given the exchange rate of 1 euro = 1.18 dollars, how many 1b of mandaring can you by with 5.00 dollars? 15. A 20.0-mL sample of a liquid has a mass of 17.8 g.
What is the liquid’s density in grams per milliliter? 16. A sample containing 31.25 g of metal pellets is poured into a graduated cylinder initially containing 11.9 mL of water, causing the water level in the cylinder to rise to 18.7 mL. Calculate the density of the metal. 17. What is the mass of a 2.85 L sample of a liquid that has a density of 0.954 g/mL?
18. What is the volume of 100. g bromine in milliliters if it has a density of 3.10 g/cm3? 19. Complete the missing data for the density, mass, and volume in the following table: Mass Volume Density 2.35 g 0.035 L X g/mL X 1b 356 mL 1.56 g/cm3 14.6 kg X gal 4.81 g/mL a) b) c¢) 20. How many kilograms of honey with a density of 1.40 kg/L are there in a
gallon container? 21. The density of iron is 8.96 g/cm3. What is its density in pounds per cubic inch (1b/in3)? 22. The density of iron is 7.86 g/cm3. What is the volume of 5.24 1b of iron expressed in cubic inches? 23. A plastic cylinder has a length of 7.25 in, a radius of 1.26 in, and a mass of 841 g. What is the density of the plastic in g/cm3? 24. What is
the radius of a steel sphere that has a mass of 65.0 g and a density of 7.86 g/cm3? Solved Example Problems (i) To convert a physical quantity from one system of units to anotherExample 1.12Convert 76 cm of mercury pressure into Nm—2 using the method of dimensions.SolutionIn cgs system 76 cm of mercury pressure = 76 X 13.6 x 980 dyne
cm—2The dimensional formula of pressure P is [ML—-1T—2]Example 1.13If the value of universal gravitational constant in SIis 6.6x10—11 Nm2 kg—2, then find its value in CGS System?SolutionLet GSI be the gravitational constant in the SI system and Gcgs in the cgs system. ThenThe dimensional formula for G is M—1 L3T —2(ii) To check the
dimensional correctness of a given physical equationExample 1.14Check the correctness of the equationusing dimensional analysis methodSolutionBoth sides are dimensionally the same, hence the equationsis dimensionally correct.(iii) To establish the relation among various physical quantitiesExample 1.150btain an expression for the time period T
of a simple pendulum. The time period T depends on (i) mass ‘m’ of the bob (ii) length ‘1’ of the pendulum and (iii) acceleration due to gravity g at the place where the pendulum is suspended. (Constant k = 2m) i.eSolutionHere k is the dimensionless constant. Rewriting the above equation with dimensionsComparing the powers of M, L and T on both
sides, a=0, b+c=0, -2c=1Solving for a,b and ca = 0, b = 1/2, and ¢ = —1/2From the above equation T = k. m0 11/2 g—1/2Example 1.16The force F acting on a body moving in a circular path depends on mass of the body (m), velocity (v) and radius (r) of the circular path. Obtain the expression for the force by dimensional analysis method. (Take the
value of k=1)where k is a dimensionless constant of proportionality. Rewriting above equation in terms of dimensions and taking k = 1, we haveComparing the powers of M, L and T on both sidesFrom the above equation we get Home / Units and Measurements in Physics Problems and Solution Problem #1Find thedimensional formulae of
follwoingquantities :(a) The surface tension S,(b) The thermal conductivityk and(c) The coefficient of vescosity h.Some equation involvingthese quntities are(i) S = pgrh/2(ii) Q = kA(62 - 61)t/d(iii) F = -nA(v2 - v1)/(x2 - x1)where the symbols have their usual meanings. (r - density, g - acceleration due to gravity, r - radius, h - height,A- area, ql & 2 -
temperatures, t - time, d - thickness, vl & v2 - velocities, x1 & x2 - positions.)Answer:(a) S = pgrh/2or[S] = [pllglirl[h] = [pllgllrl[h] = ML-3.LT-2.L2[S] = MT-2(b) Q = kA(62 - 61)t/d or k = Qd/[A(B2 - 61)t]Here, Q is the heat energyhaving dimension ML2T -2 , g1 - g1 is temperature, A is area, d is thickness and t is time. Thus,[k] = MLT-2/L2KT
= MLT-3K-1.(c) F = -nA(v2 - v1)/(x2 - x1)Or MLT-2 = [n]L2.LT-1/L[n] = ML-1T-1Problem #2Consider the following three equations:(i) x = vt2 + 2at(ii) max + %2 mv2 = Fx(iii) E = p2/2m + %2 kx2where position x, velocity v, acceleration a, time t, mass m, momentum p, spring constant k andmechanical energy E. Determine the correct equations in
dimensions.Answer:Review equation (i):x = vt2 + 2atThe dimensions of the left section are LThe dimensions of the right segment are LT-1 . T2 + LT-2T = LT + LT-1The dimensions of each tribe are different, then equation (i) is wrong.Review equation (ii):max + %2 mv2 = FxThe dimensions of the left section are MLT-2.L. + M(LT-1)2 = ML2T-

2 + ML2T-2The dimensions of the right segment are MLT-2 .. = ML2T-2The dimensions of each term are the same, then equation (ii) is true.Review equation (ii):E = p2/2m + %2 kx2The dimensions of the left section are ML2T-2The dimensions of the right segment are (MLT-1)2 .M-1 + MT-2.L2 = ML2T-2 + ML2T-2The dimensions of each term are the
same, then equation (iii) is true.Problem #3The viscosity force F acting on the surface of the ball that moves through the fluid depends on the velocity (v), the radius of the ball (r) and the coefficient of fluid viscosity 'n'. Using the dimension method specify the formula 'F'.Answer:Let F a va, Farb and F anc ...... (1)So, F = KvarbncWhere 'k' is a
dimensional constant.Dimension formula F = [MLT-2]Dimension formula v = [LT-1]Dimension formula r = [L]Dimension formula from n = [ML-1T-1]Substitute for the dimensional formula in equation (1),[MLT-2] = [LT-1]a [L]b [ML-1T-1]c[MLT-2] = [McLa + b + ¢ T-a-c] ... ... (2)In accordance with the principle of homogeneity, the dimensions of the
two sides of the relation (2) must be the same.So,c =1 ... ... Ba+b-c=1..... 4)-a-c=-2.... (5)Placing c = 1 in (5), we get a = 1 Placinga = 1 and c = 1 in (4), we get b = 1 By substituting a, b and c at (1),]Jwe get relationshipsF = knrvProblem #4Let us find an expression for the time period T of a simple pendulum. The time period t may
depend upon (i) mass m of the bob of the pendulum, (ii) length 1 of pendulum, (iii) acceleration due to gravity g at the place where the pendulum is suspended.Answer:Let (i) T p ma (ii) T p Lb (iii) T p gCCombining all the three factors, we getT n1 malbgc or T = kmalLbgcwhere k is a dimensionless constant of proportionality. Writing down the
dimensions on either side of equation (i), we get[T] = [M]a [L]b[LT-2]c = [MaLb+cT-2c]Comparing dimensions,a=0,b+c¢c=0,-2c=1\a =0, ¢ = - 1/2, b = ¥AFrom equation (i)T = k m0L1/2g -1/20rT = kV[L/g]



