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PREFACE

This publication is a laboratory manual
for the 1965 revision of the Syllabus,
the Industrial Environment - its Evalu-
ation and Control. It includes labora-
tory and calibration exercises for both
the analytical industrial hygienist and
the field industrial health scientist.
These procedures and techniques include
methods for calibration of instruments
and analytical measurement which were
not available when the first edition

was published in 1958.

The laboratory exercises supplement in-
struction offered in the basic training
course for the industrial hygiene engi-
neer and chemist new to the field and
serve as a review of these methods for
many more experienced personnel.

The planning and editing of this edition
were done by Mr. Andrew D. Hosey and
Dr. Charles H. Powell.

Cincinnati, Ohio
May 1966
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CONVERSION FACTORS AND EQUIVALENTS

m® = 35.32 ft®

.0610 in?®

28.32 L.

7.48 gal. (U.S.)
.0353 ft3

1000 cm?®

1.057 qts. (U.S. Liquid)
3.28 ft.

39.37 in.

108 microns

in = 25.40 mm.

in = 25,400 microns
mile/hr = 88 ft/min.
cm/sec = 1.9685 ft/min.

[z}

-+

©
nomwn

Kg = 2.20 lbs.
b = 453.6 grams
oz = 28.35 grams

gram = 15.432 grains
gram = 10° milligrams
milligram = 10® micrograms

ft® of water @ 62°F. weighs 62.32 lb.
gal. (U.S.) of water weighs 8.33 lb.

ft3® of air at STP weighs 0.075 lb.

lb/in2 = 2.30 ft. H,0
gram/cm?® 62.43 lbs/ft?
gram/cm?® 8.345 lbs/gal

in. of Mercury (Hg.) = 13.57 in. H,0
in. of Hg. = 0.49 1lb/in2?

mm. of Hg. = 1.36 cm. of H,O
atmosphere = 14.70 lb/in2?
atmosphere = 29.92 in. Hg.
atmosphere = 760 mm. Hg.

Btu = 0.25 large calories
Btu = Heat req’d to raise temp. of
1 1b. of H,0 1°F.

Btu = Heat req’d to raise (approx.)
55 ft3 of air 1°F.
Btu/hr-ft?2 = 3.154 x 10™* watts/cm?

Cal /sec-cm? 13,263 Btu/hr-ft?
Cal/sec-cm? 4,183 watts/cm?

550 ft. lbs/sec.

= 0.75 Kilowatt

= 2,545 Btu
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= (°F - 32) +11.8

= 273° Kelvin (°K)

= 460° Rankine (°R)

7 = 3.1416

Circumference of circle = 7d.
Area of circle = nd2?/4
Surface area of sphere = 7d?
Volume of sphere = 7d®/6

g
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Mathematical Tables

a. Squares and Square Roots
b. Natural (Napierian) Logarithms

c. Logarithms to Base 10






SQUARES AND SQUARE ROOTS

N N? VN | VioN || N N? vN | VION || N N? vN | VioN
1.00 | 1.0000 | 1.00000 | 3.16228{/1.60 | 2.5600 | 1.26491 | 4.00000 ||2.20 | 4.8400 | 1.48324 | 4.69042
1.01 | 1.0201 |1.00499 | 3.17805|1.61 | 2.5921 |1.26886 | 4.01248 |[2.21 | 4.8841 | 1.48661 | 4.70106
1.02 | 1.0404 |1.00995 | 3.19374 (|1.62 | 2.6244 |1.27279 | 4.02492 || 2.22 | 4.9284 | 1.48997 | 4.71169
1.03 | 1.0609 |1.01489 | 3.20936||1.63 | 2.6569 |1.27671 | 4.03733 |(2.23 | 4.9729 | 1.49332 | 4.72229
1.04 | 1.0816 |1.01980 | 3.22490((1.64 | 2.6896 | 1.28062 | 4.04969 || 2.24 | 5.0176 | 1.49666 | 4.73286
1.05 | 1.1025 | 1.02470 | 3.24037|/1.66 | 2.7225 | 1.28452 | 4.06202 |{2.26 | 5.0625 | 1.50000 | 4.74342
1.06 | 1.1236 | 1.02956 | 3.25576|/1.66 | 2.7556 | 1.28841 | 4.07431|/2.26 | 5.1076 | 1.50333 | 4.75395
1:07 | 1.1449 | 1.03441 | 3.27109|1.67 | 2.7889 | 1.29228 | 4.08656 || 2.27 | 5.1629 | 1.50665 | 4.76445
1.08| 1.1664 | 1.03923 | 3.28634 || 1.68 | 2.8224 | 1.29615 | 4.09878 || 2.28 | 5.1984 | 1.50097 | 4.77493
1.09| 1.1881 | 1.04403 | 3.30151(/1.69 | 2.8561 |1.30000 | 4.11096 ||2.29 | 5.2441 | 1.51327 | 4.78539
1.10| 1.2100 |1.04881 | 3.31662//1.70 | 2.8900 | 1.30384 | 4.12311 |(2.30 | 5.2900 | 1.51658 | 4.79583
1.11 | 1.2321 | 1.05357 | 3.33167|[1.71 | 2.9241 | 1.30767 | 4.13521{2.31 | 5.3361 | 1.51987 | 4.80625
1.12| 1.2544 |1.05830 | 3.34664 || 1.72 | 2.9584 | 1.31149 | 4.14729||2.32| 5.3824 | 1.52315 | 4.81664
1.13| 1.2769 | 1.06301 | 3.36155|(1.73 | 2.9929 |1.31529 | 4.15933||2.33 | 5.4289 | 1.52643 | 4.82701
1.14| 1.2996 | 1.06771 | 3.37639|1.74 | 3.0276 | 1.31909 | 4.17133|/2.34 | 5.4756 | 1.52971 | 4.83735
1.15 | 1.3225 | 1.07238 | 3.39116||1.76 | 3.0625 | 1.32288 | 4.18330(/2.86 | 5.5226 | 1.53297 | 4.84768
1.16 | 1.3456 | 1.07703.| 3.40588 |[ 1.76 | 3.0976 | 1.32665 | 4.19524 | 2.36 | 5.5696 | 1.53623 | 4.85798 |
1.17 | 1.3689 | 1.08167 | 3.42053 || 1.77 | 3.1329 | 1.33041 | 4.20714|/2.37 | 5.6169 | 1.53948 | 4.86826 ;
1.18 | 1.3924 | 1.08628 | 3.43511(1.78 | 3.1684 | 1.33417 | 4.21900||2.38 | 5.6644 | 1.54272 | 4.87852
1.19| 1.4161 | 1.00087 | 3.44964 || 1.79 | 3.2041 | 1.33791 | 4.23084 || 2.39 | 5.7121 | 1.54596 | 4.88876
1.20 | 1.4400 | 1.09545 | 3.46410((1.80 | 3.2400 | 1.34164 | 4.24264(/2.40 | 5.7600 | 1.54919 | 4.89898
1.21| 1.4641 | 1.10000 | 3.47851|[1.81 | 3.2761 | 1.34536 | 4.25441 || 2.41 | 5.8081 | 1.55242 | 4.90918
1.22 | 1.4884 |1.10454 | 3.49285|/1.82 | 3.3124 |1.34907 | 4.26615(/2.42| 5.8564 | 1.55563 | 4.91935
1.23 | 1.5129 | 1.10005 | 3.50714 [ 1.83 | 3.3489 | 1.35277 | 4.27785||2.43 | 5.9049 | 1.55885 | 4.92950
1.24 | 1.5376 | 1.11355 | 3.52136 || 1.84 | 3.3856 | 1.35647 | 4.28952 || 2.44 | 5.9536 | 1.56205 | 4.93964
135 | 1.5625 | 1.11803 | 3.53553 ||1.85 | 3.4225 | 1.36015 | 4.30116/|2.45 | 6.0025 | 1.56525 | 4.94975
1.26 | 1.5876 | 1.12250 | 3.54965||1.86 | 3.4506 | 1.36382 | 4.31277(|2.46 | 6.0516 |1.56844 | 4.95984
1.27 | 1.6129 |1.12694 | 3.56371(|1.87 | 3.4969 | 1.36748 | 4.32485(/2.47 | 6.1009 | 1.57162 | 4.96991
1.28 | 1.6384 |1.13137 [ 3.57771||1.88 | 3.5344 | 1.37113 | 4.33590 || 2.48 | 6.1504 | 1.57480 | 4.97996
1.29| 1.6641 |1.13578 | 3.59166|(1.89 | 3.5721 | 1.37477 | 4.34741|2.49| 6.2001 |1.57797 | 4.98999
1.30 | 1.6900 | 1.14018 | 3.60555/1.90 | 3.6100 | 1.37840 | 4.35890(/2.50 | 6.2500 | 1.58114 | 5.00000
1.31| 1.7161 | 1.14455 | 3.61939|(1.91 | 3.6481 | 1.38203 | 4.37035 || 2.51 | 6.3001 |1.58430 | 5.00999
1.32 | 1.7424 |1.14891 | 3.63318|/1.92 | 3.6864 | 1.38564 | 4.38178||2.52 | 6.3504 | 1.58745 | 5.01996
1.33 | 1.7689 | 1.15326 | 3.64692/1.93 | 3.7249 | 1.38924 | 4.39318 || 2.53 | 6.4009 | 1.59060 | 5.02991
1.34| 1.7956 | 1.15758 | 3.66060 ((1.94 | 3.7636 | 1.39284 | 4.40454 || 2.54 | 6.4516 | 1.59374 | 5.03084
1.36 | 1.8225 | 1.16190 | 3.67423!(1.96 | 3.8025 | 1.39642 | 4.41588|/2.66 | 6.5025 | 1.59687 | 5.04975
1.36 | 1.8496 |1.16619 | 3.68782(|1.96 | 3.8416 | 1.40000 | 4.42719|/2.56 | 6.5536 | 1.60000 | 5.05964
1.37 | 1.8769 {1.17047 | 3.70135|{1.97 | 3.8809 | 1.40357 | 4.43847||2.57 | 6.6049 | 1.60312 | 5.06952
1.38 | 1,9044 |1.17473 [ 3.71484//1.98 | 3.9204 | 1.40712 | 4.44972|/2.58 | 6.6564 | 1.60624 | 5.07937
1.39| 19321 | 1.17898 | 3.728271|1.99 | 3.9601 |1.41067 | 4.46094 |/ 2.59 | 6.7081 | 1.60935 | 5.08920
1.40 | 1.9600 |1.18322 | 3.74166 3.00 | 4.0000 | 1.41421 | 4.47214(/2.60 | 6.7600 | 1.61245 | 5.09902
1.41| 1.9881 |1.18743 | 3.75500|2.01 | 4.0401 | 1.41774 | 4.48330(/2.61 | 6.8121 |1.61555 | 5.10882
1.42| 2.0164 | 1.19164 | 3.76829 |2.02 | 4.0804 |1.42127 | 4.494441/2.62 | 6.8644 |1.61864 | 5.11859
1.43 | 2.0449 | 1.19583 | 3.78153 |2.03 | 4.1200 |1.42478 | 4.50555|/2.63 | 6.9169 |1.62173 | 5.12835
1.44 | 2.0736 | 1.20000 | 3.79473 |2.04 | 4.1616 | 1.42829 | 4.51664 | 2.64 | 6.9696 | 1.62481 | 5.13809
1.45 | 2.1025 | 1.20416 | 3.80789 |2.05 | 4.2025 | 1.43178 | 4.52769|/2.656 | 7.0225 | 1.62788 | 5.14782
1.46 | 2.1316 | 1.20830 | 3.82099 || 2.06 | 4.2436 | 1.43527 | 4.53872|(2.66 | 7.0756 | 1.63095 | 5.15752
1.47 [ 2.1609 | 1.21244 | 3.83406 | 2.07 | 4.2849 | 1.43875 | 4.54973 || 2.67 | 7.1289 | 1.63401 | 5.16720
1.48 | 2.1904 | 1.21655 | 3.84708(2.08 | 4.3264 |1.44222 | 4.56070 || 2.68 | 7.1824 |1.63707 | 5.17687
1.49 | 2.2201 | 1.22066 | 3.86005:/2.09 | 4.3681 | 1.44568 | 4.57165 || 2.69 | 7.2361 | 1.64012 | 5.18652
1.50 | 2.2500 | 1.22474 | 3.87208/(2.10 | 4.4100 | 1.44914 | 4.58258 {|2.70 | 7.2900 | 1.64317 | 5.19615
1.51 | 2.2801 | 1.22882 | 3.88587 || 2.11 | 4.4521 | 1.45258 | 4.59347 || 2.71| 7.3441 | 1.64621 | 5.20577
1.52 | 2.3104 | 1.23288 | 3.89872((2.12 | 4.4944 | 1.45602 | 4.60435|/2.72 | 7.3984 | 1.64924 | 5.21536
1.53 | 2.3409 | 1.23693 | 3.91152(|2.13 | 4.5369 | 1.45045 | 4.61519 || 2.73 | 7.4529 | 1.65227 | 5.22494
1.54 | 2.3716 | 1.24097 | 3.92428 || 2.14 | 4.5796 | 1.46287 | 4.62601 || 2.74 | 7.5076 | 1.65529 | 5.23450
1.56 | 2.4025 |1.24499 | 3.93700 ||2.15 | 4.6225 | 1.46629 | 4.63681 ||2.75 | 7.5625 | 1.65831 | 5.24404
1.56 | 2.4336 | 1.24900 | 3.94968 || 2.16 | 4.6656 | 1.46969 | 4.64758 || 2.76 | 7.6176 | 1.66132 | 5.25357
1.57 | 2.4649 | 1.25300 | 3.96232(2.17 | 4.7089 | 1.47309 | 4.65833 || 2.77 | 7.6729 | 1.66433 | 5.26308
1.58 | 2.4964 | 1.25608 | 3.97492((2.18 | 4.7524 | 1.47648 | 4.66905 || 2.78 | 7.7284 | 1.66733 | 5.27257
1.59 | 2.5281 | 1.26095 | 3.98748|[2.19°| 4.7961 | 1.47986 | 4.67974 |/2.79 | 7.7841 | 1.67033 | 5.28205
1.60 | 2.5600 | 1.26491 | 4.00000)/2.20 | 4.8400 | 1.48324 | 4.69042 ||2.80 | 7.8400 | 1.67332 | 5.29150
N N vVN | ViON || N N VN |VioN || N N2 vVN | VioN
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SQUARES AND SQUARE ROOTS

N| N VN |VION|| N | W VN |VioN|| N | W vN | VioN
2.80 | 7.8400 | 1.67332 | 5.29150 || 8.40 | 11.5600 | 1.84391 | 5.83005 || 4.00 | 16.0000 | 2.00000 | 6.32456
2.81| 7.8961 | 1.67631 | 5.30094 |(3.41 | 11.6281 | 1.84662 | 5.83952 || 4.01 | 16.0801 | 2.00250 | 6.33246
2.82| 7.9524|1.67929 | 5.31037 || 3.42 | 11.6064 | 1.84932 | 5.84808 || 4.02 | 16.1604 | 2.00499 | 6.34035
2.83 | 8.0089 | 1.68226 | 5.31977 | 3.43 | 11.7649 | 1.85203 | 5.85662 || 4.03 | 16.2409 | 2.00749 | 6.34823
2.84 | 8.0656 | 1.68523 | 5.32917 || 3.44 | 11.8336 | 1.85472 | 5.86515 || 4.04 | 16.3216 | 2.00998 | 6.35610
2.85| 8.1225|1.68819 | 5.33854 || 8.45 | 11.9025 | 1.85742 | 5.87367 || 4.06 | 16.4025 | 2.01246 | 6.36396
2.86| 8.1796 | 1.69115 | 5.34790 | 3.46 | 11.9716 | 1.86011 | 5.88218 || 4.06 | 16.4836 | 2.01494 | 6.37181
2.87 | 8.2369 | 1.69411 | 5.35724 || 3.47 | 12.0409 | 1.86279 | 5.89067 (| 4.07 | 16.5649 | 2.01742 | 6.37966
2.88 | 8.2944 | 1.69706 | 5.36656 || 3.48 | 12.1104 | 1.86548 | 5.89915 || 4.08 | 16.6464 | 2.01990 | 6.38749
2.89| 8.3521 | 1.70000 | 5.37587 || 3.49 | 12.1801 | 1.86815 | 5.90762 || 4.09 | 16.7281 | 2.02237 | 6.39531
290 | 8.4100|1.70294 | 5.38516 ||3.60 | 12.2500 | 1.87083 | 5.91608 || 4.10 | 16.8100 | 2.02485 | 6.40312
2.91| 8.4681 | 1.70587 | 5.39444 || 3.51 | 12.3201 | 1.87350 | 5.92453 || 4.11 | 16.8921 | 2.02731 | 6.41003
2.92 | 8.5264 | 1.70880 | 5.40370 || 3.52 | 12.3904 | 1.87617 | 5.93296 || 4.12 | 16.9744 | 2.02978 | 6.41872
2.93| 8.5849 | 1.71172 | 5.41295/3.53 | 12.4609 | 1.87883 | 5.94138 || 4.13 | 17.0569 | 2.03224 | 6.42651
2.94 | 8.6436 | 1.71464 | 5.42218||3.54 | 12.5316 | 1.88149 | 5.94979 || 4.14 | 17.1396 | 2.03470 | 6.43428
2.95 | 8.7025|1.71756 | 5.431393.85 | 12.6025 | 1.88414 | 5.95819 || 4.16 | 17.2225 | 2.03715 | 6.44205
2.96 | 8.7616 | 1.72047 | 5.44059 || 3.56 | 12.6736 | 1.88680 | 5.96657 || 4.16 | 17.3056 | 2.03961 | 6.44981
2.97 | 8.8209 | 1.72337 | 5.44977 || 3.57 | 12.7449 | 1.88944 | 5.97495 || 4.17 | 17.3889 | 2.04206 | 6.45755
2.98 | 8.8804 | 1.72627 | 5.45894 || 3.58 | 12.8164 |'1.89209 | 5.98331 || 4.18 | 17.4724 | 2.04450 | 6.46529
2.99 | 8.9401 | 1.72916 | 5.46809 || 3.59 | 12.8881 | 1.89473 | 5.99166 || 4.19 | 17,5561 | 2.04695 | 6.47302
3.00| 9.0000 | 1.73205 | 5.47723|/3.60 | 12.9600 | 1.89737 | 6.00000 || 4.20 | 17.6400 | 2.04939 | 6.48074
3.01| 9.0601 | 1.73494 | 5.48635||3.61 [ 13.0321 | 1.90000 | 6.00833 |[4.21 | 17.7241 | 2.051£3 | 6.48845
3.02| 9.1204|1.73781 | 5.49545 || 3.62 [ 13.1044 | 1.90263 | 6.01664 || 4.22 | 17.8084 | 2.0542€ | 6.49615
3.03| 9.1809 | 1.74069 | 5.50454 ||3.63 | 13.1769 | 1.90526 | 6.02495 || 4.23 | 17.8929 | 2.05670 | 6.50384
3.04| 9.2416| 1.74356 | 5.51362((3.64 | 13.2496 | 1.90788 | 6.03324 || 4.24 | 17.9776 | 2.056913 | 6.51153
3.05| 9.3025|1.74642 | 5.52268 | 3.65 | 13.3225 | 1.91050 | 6.04152 || 4.26 | 18.0625 | 2.06155 | €.51920
3.06| 9.3636 | 1.74929 | 5.53173 || 3.66 | 13.3956 | 1.91311 | 6.04979 || 4.26 | 18.1476 | 2.06398 | 6.52687
3.07 | 9.4249 | 1.75214 | 5.54076 || 3.67 | 13.4689 | 1.91572 | 6.05805 || 4.27 | 18.2329 | 2.06640 | 6.53452
3.08 | 9.4864 | 1.75499 | 5.54977 || 3.68 | 13.5424 | 1.91833 | 6.06630 || 4.28 | 18.3184 | 2.06882 | 6.54217
3.09| 9.5481 | 1.75784 | 5.55878 || 3.69 | 13.6161 | 1.92094 | 6.07454 || 4.29 | 18.4041 | 2.07123 | 6.54981
.3.10| 9.6100 | 1.76068 | 5.56776 || 3.70 | 13.6900 | 1.92354 | 6.08276 || 4.0 | 18.4900 | 2.07364 | 6.55744
3.11| 9.67211.76352 | 5.57674(|3.71 | 13.7641 | 1.92614 | 6.09098 || 4.31 | 18.5761 | 2.07605 | 6.56506
3.12| 9.7344 | 1.76635 | 5.58570(|3.72 | 13.8384 | 1.92873 | 6.09918 || 4.32 | 18.6624 | 2.07846 | 6.57267
3.13| 9.7969 | 1.76918 | 5.59464 ||3.73 | 13.9129 | 1.93132 | 6.10737 || 4.33 | 18.7489 | 2.08087 | 6.58027
3.14| 9.8596 | 1.77200 | 5.60357 || 3.74 | 13.9876 | 1.93391 | 6.11555 || 4.34 | 18.8356 | 2.08327 | 6.58787
3.15 | 9.9225 | 1.77482 | 5.61249 || 3.75 | 14.0625 | 1.93649 | 6.12372 || 4.85 | 18.9225 | 2.08567 | 6.59545
3.16| 9.9856 | 1.77764 | 5.62139/3.76 | 14.1376 | 1.93907 | 6.13188 || 4.36 | 19.0096 | 2.08806 | 6.60303
3.17 [ 10.0489 | 1.78045 | 5.63028 || 3.77 | 14.2129 | 1.94165 | 6.14003 || 4.37 | 19.0969 | 2.09045 | 6.61060
3.18 | 10.1124 | 1.78326 | 5.63915 || 3.78 | 14.2884 | 1.94422 | 6.14817 || 4.38 | 19.1844 | 2.09284 | 6.61816
8.19 [ 10.1761 | 1.78606 | 5.64801 || 3.79 | 14.3641 | 1.94679 | 6.15630 || 4.39 | 19.2721 | 2.09523 | 6.62571
3.20 | 10.2400 | 1.78885 | 5.65685 || 3.80 | 14.4400 | 1.94936 | 6.16441 || 4.40 | 19.3600 | 2.09762 | 6.63325
3.21|1C.3041 | 1.79165 | 5.66569 || 3.81 | 14.5161 | 1.95192 | 6.17252 || 4.41 | 19.4481 | 2.10000 | 6.64078
3.22 | 10.3584 | 1.79444 | 5.67450 || 3.82 | 14.5924 | 1.95448 | 6.18061 || 4.42 | 19.5364 | 2.10238 | 6.64831
3.23 | 10.4329 | 1.79722 | 5.68331 || 3.83 | 14.6689 | 1.95704 | 6.18870 || 4.43 | 19.6249 | 2.10476 | 6.65582
3.24 | 10.4976 | 1.80000 | 5.69210 || 3.84 | 14.7456 | 1.95959 | 6.19677 || 4.44 | 19.7136 | 2.10713 | 6.66333
3.25 | 10.5625 | 1.80278 | 5.70088 || 3.85 | 14.8225 | 1.96214 | 6.20484 || 4.45 | 19.8025 | 2.10950 | 6.67083
3.26 | 10.6276 | 1.80555 | 5.70964 || 3.86 | 14.8996 | 1.96469 | 6.21289 |[4.46 | 19.8916 | 2.11187 | 6.67832
3.27 | 10.6929 | 1.80331 | 5.71839 || 3.87 | 14.9769 | 1.96723 | 6.22093 || 4.47 | 19.9809 | 2.11424 | 6.68581
3.28|10.7584 | 1.81108 | 5.72713 || 3.88 | 15.0544 | 1.96977 | 6.22896 || 4.48 | 20.0704 | 2.11660 | 6.69328
3.2910.8241 | 1.81384 | 5.73585 || 3.89 | 15.1321 | 1.97231 | 6.23699 || 4.49 | 20.1601 | 2.11896 | 6.70075
3.30 | 10.8900 | 1.81659 | 5.74456 || 3.90 | 15.2100 | 1.97484 | 6.24500 || 4.50 | 20.2500 | 2.12132 | 6.70820
3.31|10.9561 | 1.81934 | 5.75326 || 3.91 | 15.2881 | 1.97737 | 6.25300 || 4.51 | 20.3401 | 2.12368 | 6.71565
3.32 | 11.0224 | 1.82209 | 5.76194 || 3.92 | 15.3664 | 1.97990 | 6.26099 || 4.52 | 20.4304 | 2.12603 | 6.72309
3.33 | 11.0889 | 1.82483 | 5.77062 || 3.93 | 15.4449 | 1.98242 | 6.26897 || 4.53 | 20.5209 | 2.12838 | 6.73053
3.34 | 11.1556 | 1.82757 | 5.77927 || 3.94 | 15.5236 | 1.98494 | 6.27694 || 4.54 | 20.6116 | 2.13073 | 6.73795
3.35 | 11.2225 | 1.83030 | 5.78792|3.95 | 15.6025 | 1.98746 | 6.28490 || 4.56 | 20.7025 | 2.13307 | 6.74537
3.36 | 11.2896 | 1.83303 | 5.79655 (| 3.96 | 15.6816 | 1.98997 | 6.29285 || 4.56 | 20.7936 | 2.13542 | 6.75278
3.37 | 11 3569 | 1.83576 | 5.80517 || 3.97 | 15.7609 | 1.99249 | 6.30079 || 4.57 | 20.8849 | 2.13776 | 6.76018
3.38 | 11.4244 | 1.83848 | 5.81378 | 3.98 | 15.8404 | 1.99499 | 6.30872 || 4.58 | 20.9764 | 2.14009 | 6.76757
3.39 | 11.4921 | 1.84120 | 5.82237|3.99 | 15.9201 | 1.99750 | 6.31664 || 4.59 | 21.0681 | 2.14243 | 6.77495
3.40 | 11.5600 | 1.84391 | 5.83095 || 4.00 | 16.0000 | 2.00000 | 6.32456 || 4.60 | 21.1600 | 2.14476 | 6.78233
N N? VN |ViON|| N | N? VN |VIoN|| N | N2 vN | VioN

D-4-2




SQUARES AND SQUARE ROOTS

N| m | vN |[vVioN|N]| » | vN |VioN[|N| & | VN | VIoN
4.60 | 21.1600 | 2.14476 | 6.78233 | 6.20 | 27.0400 | 2.28035 | 7.21110 || 6.80 | 33.6400 | 2.40832 | 7.61577
461 21.2521 [ 2.14700 | 6.78070 | 5.21 | 27.1441 | 2.28254 | 7.21803 || 5.81 | 33.7561 | 2.41039 | 7.62234
462 213444 | 2.14942 | 6.79706 || 5.22 | 27.2484 | 2.28473 | 7.22496 || 5.82 | 33.8724 | 2.41247 | 762880
4.63 | 21.4369 | 2:15174 | 6.80441 || 5.23 | 27.3529 | 2.28692 | 7.23187 || 5.83 | 33.9889 | 2.41454 | 7.63544
4.64 | 31.5296 | 2.15407 | 6.81175 | 5.24 | 27.4576 | 2.28910 | 7.23878 || 5.84 | 34.1056 | 2.41661 | 7.64199
4.65 | 21.6225 | 2.15639 | 6.81909 || 5.25 | 27.5625 | 2:20129 | 7.24560 || 5.85 | 34.2225 | 2.41868 | 7.64853
4.66 | 21.7156 | 2.15870 [ 6.82642 |[ 5.26 | 27.6676 | 2.20347 | 7.25250 || 5.86 | 34.3396 | 2.42074 | 7.65505
4.67 | 21:8089 | 216102 | 6.83374 || 5.27 | 27.7729 | 2.20565 | 7.25948 || 5.87 | 34.4569 | 2.42281 | 7.66159
4.68 | 21.9024 | 216333 | 6.84105 || 5.28 | 27.8784 | 2.29783 | 7.26636 || 5.88 | 34.5744 | 2.42487 | 7.66812
4.60 | 21.9961 | 216564 | 6.84836 | 5.20 | 27.9841 | 2.30000 | 7.27324 || 5.89 | 34.6921 | 2.42693 | 7.67463
4.70 | 22,0000 | 2.16795 | 6.85565 || 5.30 | 28.0900 | 2.30217 | 7.28011 || 5.90 | 34.8100 | 2.42899 | 7.68115
4.71| 22.1841 | 2.17025 | 6.86294 || 5.31 | 28.1961 | 2.30434 | 7.28607 || 5.91 | 34.9281 | 2.43105 | 7.68765
472 | 222784 | 2.17256 | 6.87023 || 5.32 | 283024 | 2.30651 | 7.20383 || 5.92 |35.0464 | 2.43311 | 7.69415
4.73 | 223729 | 2:17486 | 6.87750 || 5.33 | 28.4089 | 2.30868 | 7-30068 || 5.93 | 35.1649 | 2.43516 | 7.70065
4.74 | 22.4676 | 2.17715 | 6.88477 || 5.34 | 28.5156 | 2.31084 | 7.30753 || 5.94 | 35.2836 | 2.43721 | 7.70714
4.75 | 225625 | 2.17945 | 6.89202 || 5.35 | 28.6225 | 2.31301 | 7.31437 || 6.95 | 35.4025 | 2.43926 | 7.71362
4.76 | 22.6576 | 2.18174 | 6.89928 || 5.36 | 28.7296 | 2.31517 | 7.32120 | 5.96 | 35.5216 | 2.44131 | 7.72010
4.77| 227529 | 2.18403 | 6.90652 || 5.37 | 28.8360 | 2.31733 | 7.32803 || 5.97 | 35.6409 | 244336 | 7.72658
4.78 | 228484 | 218632 | 6.91375 || 5.38 | 28.9444 | 2:31948 | 7.33485 || 5.98 | 35.7604 | 2.44540 | 7.73305
4.79 | 22.9441 | 2.18861 | 6.92098 || 5.39 | 20.0521 | 2.32164 | 7.34166 || 5.99 | 35.8801 | 2.44745 | 7.73951
4.80 | 23.0400 | 2.19089 | 6.92820 || 5.40 | 29.1600 | 2.32379 | 7.34847 || 6.00 | 36.0000 | 2.44949 | 7.74597
4.:81 | 23.1361 | 2.19317 | 6.93542 || 5.41 | 20.2681 | 2.32594 | 7.35527 || 6.01 | 36.1201 | 2.45153 | 7.75242
4.82 | 23:2324 | 219545 | 6.94262 || 5.42 | 20.3764 | 2:32809 | 7.36206 || 6.02 | 36.2404 | 2.45357 | 7.75887
4.83 | 233289 | 2.19773 | 6.94982 || 5.43 | 20.4849 | 2:33024 | 7.36885 || 6.03 | 36.3609 | 2.45561 | 7.76531
4.84 | 234256 | 2.20000 | 6.95701 || 5.44 | 20.5936 | 2.33238 | 7.37564 |[ 6.04 | 36.4816 | 2.45764 | 7.77174
4.85 | 23.5225 | 2.20227 | 6.96419. 5.45 | 20.7025 | 2:33452 | 7.38241 |s.06 36.6025 | 2.45967 | 7.77817
]
4.86 | 23.6196 | 2.20454 | 6.97137 || 5.46 | 20.8116 | 2.33666 | 7.38018 || 6.06 | 36.7236 | 2.46171 | 7.78460
4.87 | 23.7169 | 2.20681 | 6:97854 || 5.47 | 20.9209 | 2:33880 | 7.39594 || 6.07 | 36.8449 | 2.46374 | 7.79102
1.88 | 238144 | 2.20907 | 6.98570 || 5.48 | 30.0304 | 2.34094 | 7:40270 || 6.08 | 36.9664 | 2.46577 | 7.79744
4:89 | 239121 | 2.21133 | 6.99285 || 5.49 { 30.1401 | 2.34307 | 7.40945 || 6.09 | 37.0881 | 2.46779 | 7.80385
490 | 24.0100 | 2:21359 | 7.00000 || 5.50 | 30.2500 | 2.34521 | 7.41620 |[ 6.10 | 37.2100 | 2.46082 | 7.81025
4.91 | 24.1081 | 2.21585 | 7.00714 5.51 | 30.3601 | 2.34734 | 7.42294 | 6.11 | 37.3321 | 2.47184 | 7.81666
4.92 | 24.2084 | 2.21811 | 7.01427 || 5.52 | 30.4704 | 2.34947 | 7.42967 || 6.12 | 37.4544 | 2.47386 | 7.82304
4.93 | 24.3049 | 2.22036 [ 7.02140 || 5.53 | 30.5809 | 2.35160 | 7.43640 | 6.13 | 37.5769 | 2.47588 | 7.82943
4.94 | 24.4036 | 2.22261 [ 7.02851 || 5.54 | 30.6916 | 2.35372 | 7.44312 | 6.14 | 37.6996 | 2.47790 | 7.83582
4.95 | 24.5025 | 2.22486 | 7.03562 || 5.55 | 30.8025 | 2.35584 | 7.44983 || 6.15 | 37.8225 | 2.47992 | 7.84219
4.96 | 24.6016 | 2.22711 | 7.04373 |{ 5.56 | 30.9136 | 2.35797 | 7.45654 || 6.16 | 37.9456 | 2.48193 | 7.84857
4.97 | 24.7009 | 2.22035 | 7.04982 || 5.57 | 31.0249 | 2.36008 | 7.46324 | 6.17 | 38.0689 | 2.48305 | 7.85493
4.98 | 24.8004 | 2.23159 | 7.05691 || 5.58 | 31.1364 | 2.36220 | 7.46994 || 6.18 | 38.1924 | 2.48596 | 7.86130
4.99 | 24.9001 | 2.23383 | 7.06399 || 5.50 | 31.2481 | 2.36432 | 7.47663 || 6.19 | 38.3161 | 2.48797 | 7.86766
5.00 | 25.0000 | 2.23607 | 7.07107 || 6.60 | 31.3600 | 2.36643 | 7.48331 || 6.20 | 38.4400 | 2.48998 | 7.87401
5.01 | 25.1001 | 2.23830 | 7.07814 || 5.61 | 31.4721 | 2.36854 | 7.48099 |{6.21 | 38.5641 | 2.49199 | 7.88036
5.02 | 25.2004 | 2.24054 | 7.08520 || 5.62 | 31.5844 | 2.37065 | 7.49667 |[ 6.22 | 38.6884 | 2.49399 | 7.88670
5.03 | 25.3009 | 2.24277 | 7.09225 || 5.63 | 31.6969 | 2:37276 | 7.50333 |[ 6.23 | 38.8129 | 2.49600 | 7:89303
5.04 | 25,4016 | 2.24490 | 7:00030 | 5.64 | 31.8006 | 2.37487 | 7.50009 | 6.24 | 38.9376 | 2.49800 | 7.89937
5.06 | 25.5025 | 2.24722 | 7.10634 || 5.65 | 31.9225 | 2.37697 | 7.51665 || 6.35 | 39.0625 | 250000 | 7:90569
5.06 | 25.6036 | 2.24944 | 7.11337 || 5.66 | 32.0356 | 2.37908 | 7.52330 || 6.26 | 39.1876 | 2.50200 | 7.91202
5.07 | 25.7049 | 2.25167 | 7.12039 || 5.67 | 321480 | 2.38118 | 7.52994 || 6.27 | 30.3129 | 2.50400 | 7.91833
5.08 | 25.8064 | 2.25389 | 7.12741 || 5.68 | 32.2624 | 2.38328 | 7.53658 || 6.28 | 30.4384 | 250599 | 7.92465
5.09 | 25.9081 | 2.25610 | 7.13442 || 5.69 | 32.3761 | 2.38537 | 7.54321 | 6.29 | 30.5641 | 2.50799 | 7.93095
5.10 | 26.0100 | 2:25832 | 7.14143 || 5.70 | 32:4900 | 2:38747 | 7.54983 || 6.30 | 39.6900 | 2.50998 | 7.93725
5.11 | 26.1121 | 2.26053 | 7.14843|| 5.71 | 32.6041 | 2.38956 | 7.55645| 6.31 | 39.8161 | 2.51197 | 7.94355
5.12 | 26.2144 | 2.26274 | 7.15542 || 5.72 | 32.7184 | 2.39165 | 7.566307 ([ 6.32 | 39.9424 | 2.51306 | 7.94084
5.13 | 26.3169 | 2.26495 | 7.16240 | 5.73 | 32.8320 | 2.39374 | 7.56068 || 6.33 | 40.0689 | 2.51595 | 7.95613
5.14 | 26.4196 | 2.26716 | 7.16038 || 5.74 | 32.9476 | 2.39583 | 7.57628 || 6.34 | 40.1956 | 2.51794 | 7.96241
5.16 | 26.5225 | 2.26936 | 7.17635 | 6.75 | 33.0625 | 2.39702 | 7.58288 |[ 6.35 | 40.3225 | 2.51992 | 7.96869
5.16 | 26.6256 | 2.27156 | 7.18331 | 5.76 | 33.177¢ | 2.40000 | 7.58947 |[ 6.36 | 40.4496 | 2.52190 | 7.97496
5.17 | 26.7289 | 2.27376 | 7.19027 || 5.77 | 33.2929 | 2.40208 | 7.59605 || 6.37 | 40.5769 | 2.52389 | 7.98123
5.18 | 26.8324 | 2.27596 | 7.19722 || 5.78 | 33.4084 | 2.40416 | 7.60263 || 6.38 | 40.7044 | 2.52587 | 7.98749
5.19 | 26.9361 | 2.27816 | 7.20417 || 5.79 | 33.5241 | 2.40624 | 7.60920 | 6.39 | 40.8321 | 2.52784 | 7.99375
5.20 | 27.0400 | 2:28035 | 7.21110 || 5.80 | 33.6400 | 2.40832 | 7.61577 || 6.40 | 40.9600 | 2.52982 | 8.00000
N| m» vN |VioN|| N | W vN |VioN || N Nt vN | VioN




SQUARES AND SQUARE ROOTS

N N? VN |VioN || N N? vN |VioN | N N? VN | vVion
6.40 | 40.9600 | 2.52982 | 8.00000 || 7.00 | 49.0000 | 2.64575 | 8.36660 || 7.60 | 57.7600 | 2.75681 | 8.71780
6.41141.0881 | 2.53180 | 8.00625 || 7.01 | 49.1401 | 2.64764 | 8.37257 || 7.61 | 57.9121 | 2.75862 | 8.72353
6.42 | 41.2164 | 2.53377 | 8.01249 || 7.02 | 49.2804 | 2.64953 | 8.37854 | 7.62 | 58.0644 | 2.76043 | 8.72926
6.43 | 41.3449 | 2.53574 | 8.01873 |[ 7.03 | 49.4209 | 2.65141 | 8.38451 || 7.63 | 58.2169 | 2.76225 | 8.73499
6.44 | 41.4736 | 2.53772 | 8.02496 | 7.04 | 49.5616 | 2.65330 | 8.39047 || 7.64 | 58.3696 | 2.76405 | 8.74071
6.45 | 41.6025 | 2.53969 | 8.03119 |[7.06 | 49.7025 | 2.65518 | 8.39643 || 7.65 | 58.5225 | 2.76586 | 8.74643
6.46 | 41.7316 | 2.54165 [ 8.03741 |1 7.06 | 49.8436 | 2.65707 | 8.40238 || 7.66 | 58.6756 | 2.76767 | 8.75214
6.47 | 41.8609 | 2.54362 | 8.04363 || 7.07 | 49.9849 | 2.65895 | 8.40833 || 7.67 | 58.8289 | 2.76948 | 8.75785
6.48 | 41.9904 | 2.54558 | 8.04984 || 7.08 | 50.1264 | 2.66083 | 8.41427 || 7.68 | 58.9824 | 2.77128 | 8.76356
6.49 | 42.1201 | 2.54755 | 8.05605 |[ 7.00 | 50.2681 | 2.66271 | 8.42021 || 7.69 | 59.1361 | 2.77308 | 8.76926
6.50 | 42.2500 | 2.54951 | 8.06226 |[ 7.10 | 50.4100 | 2.66458 | 8.42615||7.70 | 59.2900 | 2.77489 | 8.77496
6.51 | 42.3801 | 2.55147 | 8.06846 || 7.11 | 50.5521 | 2.66646 | 8.43208 || 7.71 | 59.4441 | 2.77669 | 8.78066
6.52 | 42.5104 | 2.55343 | 8.07465 (| 7.12 | 50.6944 | 2.66833 | 8.43801 || 7.72 | 59.5984 | 2.77849 | 8.78635
6.53 | 42.6409 | 2.55539 | 8.08084 (| 7.13 | 50.8369 | 2.67021 | 8.44393 || 7.73 | 59.7529 | 2.78029 | 8.79204
6.54 | 42.7716 | 2.55734 | 8.08703 || 7.14 | 50.9796 | 2.67208 | 8.44985(| 7.74 | 59.9076 | 2.78209 | 8.79773
6.55 | 42.9025 | 2.55930 | 8.09321 || 7.16 | 51.1225 | 2.67395 | 8.45577 || 7.75 | 60.0625 | 2.78388 | 8.80341
6.56 | 43.0336 | 2.56125 | 8.09938||7.16 | 51.2656 | 2.67582 | 8.46168 || 7.76 | 60.2176 | 2.78568 | 8.80909
6.57 | 43.1649 | 2.56320 | 8.10555 ||7.17 | 51.4089 | 2.67769 | 8.46759 || 7.77 | 60.3729 | 2.78747 | 8.81476
6.58 | 43.2964 |.2.56515 | 8.11172||7.18 | 51.5524 | 2.67955 | 8.47349 || 7.78 | 60.5284 | 2.78927 | 8.82043
6.59 | 43.4281 | 2.56710 | 8.11788||7.19 | 51.6961 | 2.68142 | 8.47939 || 7.79 | 60.6841 | 2.79106 | 8.82610
6.60 | 43.5600 | 2.56905 | 8.12404 |/ 7.20 | 51.8400 | 2.68328 | 8.48528 || 7.80 | 60.8400 | 2.79285 | 8.83176
6.61 | 43.6921 | 2.57099 | 8.13019((7.21 | 51.9841 | 2.68514 | 8.49117|| 7.81 | 60.9961 | 2.79464 | 8.83742
6.62 | 43.8244 | 2.57291 | 8.13634 (| 7.22 | 52.1284 | 2.68701 | 8.49706 || 7.82 | 61.1524 | 2.79643 | 8.84308
6.63 | 43.9569 | 2.57488 | 8.14248 (| 7.23 | 52.2729 | 2.68887 | 8.50294 || 7.83 | 61.3089 | 2.79821 | 8.84873
6.64 | 44.0896 | 2.57682 | 8.14862||7.24 | 52.4176 | 2.69072 | 8.50882 || 7.84 | 61.4656 | 2.80000 | 8.85438
6.66 | 44.2225 | 2.57876 | 8.15475 || 7.25 | 52.5625 | 2.69258 | 8.51469 || 7.88 | 61.6225 | 2.80179 | 8.86002
6.66 | 44.3556 | 2.58070 | 8.16088 || 7.26 | 52.7076 | 2.69444 | 8.52056 || 7.86 | 61.7796 | 2.80357 | 8.86566
6.67 | 44.4889 | 2.58263 | 8.16701 || 7.27 | 52.8529 | 2.69629 | 8.52643 | 7.87 | 61.9369 | 2.80535 | 8.87130
6.68 | 44.6224 | 2.58457 | 8.17313 || 7.28 | 52.9984 | 2.69815 | 8.53229 || 7.88 | 62.0944 | 2.80713 | 8.87694
6.69 | 44.7561 | 2.58650 | 8.17924 || 7.29 | 53.1441 | 2.70000 | 8.63815 |; 7.89 | 62.2521 | 2.80891 | 8.88257
6.70 | 44.8900 | 2.58841 | 8.18535|( 7.80 | 53.2900 | 2.70185 | 8.54400 || 7.90 | 62.4100 | 2.81069 | 8.88819
6.71 | 45.0241 | 2.59037 | 8.19146 || 7.31 | 53.4361 | 2.70370 | 8.54985 || 7.91 | 62.5681 | 2.81247 | 8.89382
6.72 | 45.1584 | 2.59230 | 8.19756 || 7.32 | 53.5824 | 2.70555 | 8.55570 || 7.92 | 62.7264 | 2.81425 | 8.89944
6.73 | 45.2929 | 2.59422 | 8.20366 || 7.33 | 53.7289 | 2.70740 | 8.56154 || 7.93 | 62.8849 | 2.81603 | 8.90505
6.74 | 45.4276 | 2.59615 | 8.20975 || 7.34 | 53.8756 | 2.70924 | 8.56738 || 7.94 | 63.0436 | 2.81780 | 8.91067
6.75 | 45.5625 | 2.59808 | 8.21584 || 7.35-| 54.0225 | 2.71109 | 8.57321 || 7.95 | 63.2025 | 2.81957 | 8.91628
6.76 | 45.6976 | 2.60000 | 8.22192(( 7.36 | 54.1696 | 2.71293 | 8.57904 || 7.96 | 63.3616 | 2.82135 | 8.92188
6.77 | 45.8329 | 2.60192 | 8 22800{| 7.37 | 54.3169 | 2.71477 | 8.58487 || 7.97 | 63.5209 | 2.82312 | 8.92749
6.78 | 45.9684 | 2.60384 | 8.23408 | 7.33 | 54.4644 | 2.71662 | 8.59069 || 7.98 | 63.6804 | 2.82489 | 8.93308
6.79 | 46.1041 | 2.60576 | 8.24015 (| 7.39 | 54.6121 | 2.71846 | 8.59651 || 7.99 | 63.8401 | 2.82666 | 8.93868
6.80 | 46.2400 | 2.60768 | 8.24621 || 7.40 | 54.7600 | 2.72029 | 8.60233 || 8.00 | 64.0000 | 2.82843 | 8.94427
6.81 | 46.3761 | 2.60960 | 8.25227 || 7.41 | 54.9081 | 2.72213 | 8.60814 || 8.01 | 64.1601 | 2.83019 | 8.94986
6.82 | 46.5124 | 2.61151 | 8.25833 || 7.42 | 55.0564 | 2.72397 | 8.61394 || 8.02 | 64.3204 | 2.83196 | 8.95545
6.83 | 46.6489 | 2.51343 | 8.26438 || 7.43 | 55.2049 | 2.72580 | 8.61974 || 8.03 | 64.4809 | 2.83373 | 8.96103
6.84 | 46.7856 | 2.61534 | 8.27043 || 7.44 | 55.3536 | 2.72764 | 8.62554 || 8.04 | 64.6416 | 2.83549 | 8.96660
6.85 | 46.9225 | 2.61725 | 8.27647 || 7.45 | 55.5025 | 2.72947 | 8.63134 || 8.05 | 64.8025 | 2.83725 | 8.97218
6.86 | 47.0596 | 2.61916 | 8.28251 (| 7.46 | 55.6516 | 2.73130 | 8.63713 || 8.06 | 64.9636 | 2.83901 | 8.97775
6.87 | 47.1969 | 2.62107 | 8.28855!{ 7.47 | 55.8009 | 2.73313 | 8.64292 || 8.07 | 65.1249 | 2.84077 | 8.98332
6.88 | 47.3344 | 2.62298 | 8.29458 || 7.48 | 55.9504 | 2.73496 | 8.64870 || 8.08 | 65.2864 | 2.84253 | 8.98888
6.89 | 47.4721 | 2.62488 | 8.30060(| 7.49 | 56.1001 | 2.73679 | 8.65448 || 8.09 | 65.4481 | 2.84429 | 8.99444
6.90 | 47.6100 | 2.62679 | 8.30662 || 7.50 | 56.2500 | 2.73861 | 8.66025 || 8.10 | 65.6100 | 2.84605 | 9.00000
6.91 | 47.7481 | 2.62869 | 8.31264 || 7.51 | 56.4001 | 2.74044 | 8.66603 || 8.11 | 65.7721 | 2.84781 | 9.00555
6.92 | 47.8864 | 2.63059 | 8.31865 || 7.52 | 56.5504 | 2.74226 | 8.671798.12 | 65.9344 | 2.84956 | 9.01110
6.93 | 48.0249 | 2.63249 | 8.32466 || 7.53 | 56.7009 | 2.74408 | 8.67756 || 8.13 | 66.0969 | 2.85132 | 9.01665
6.94 | 48.1636 | 2.63439 | 8.33067 || 7.54 | 56.8516 | 2.74591 | 8.68332(| 8.14 | 66.2596 | 2.85307 | 9.02219
6.95 | 48.3025 | 2.63629 | 8.33667 || 7.55 | 57.0025% 2.74773 | 8.68907 || 8.15 | 66.4225 | 2.85482 | 9.02774
6.96 | 48.4416 | 2.63818 | 8.34266 || 7.56 | 57.1536 | 2.74955 | 8.69483 || 8.16 | 66.5856 | 2.85657 | 9.03327
6.97 | 48.5809 | 2.64008 | 8.34865 || 7.57 | 57.3049 | 2.75136 | 8.70057 || 8.17 | 66.7489 | 2.85832 | 9.03881
6.98 | 48.7204 | 2.64197 | 8.35464 || 7.58 | 57.4564 | 2.75318 | 8.70632 || 8.18 | 66.9124 | 2.86007 | 9.04434
6.99 | 48.8601 | 2.64386 | 8.36062 || 7.59 | 57.6081 | 2.75500 | 8.71206||8.19 | 67.0761 | 2.86182 | 9.04986
7.00 | 49.0000 | 2.64575 | 8.36660 ||7.60 | 57.7600 | 2.75681 | 8.71780 || 8.20 | 67.2400 | 2.86356 | 9.05539
N N? vN | VioN | N N? VN | VioN || N N vN | VioN

D-44




SQUARES AND SQUARE ROOTS

N N? vVN |VioN || N N? VN |VioN|| N N VN | VioN
8.20 | 67.2400 | 2.86356 | 9.05539 || 8.80 | 77.4400 | 2.96648 | 9.38083 || 9.40 | 88.3600 | 3.06594 | 9.69536
8.21 | 67.4041 | 2.86531 | 9.06091 || 8.81 | 77.6161 | 2.96816 | 9.38616 || 9.41 | 88.5481 | 3.06757 | 9.70052
8.22 | 67.5684 | 2.86705 | 9.06642 || 8.82 | 77.7924 | 2.96985 | 9.39149 || 9.42 | 88.7364 | 3.06920 | 9.70567
8.23 | 67.7329 | 2.86880 | 9.07193 || 8.83 | 77.9689 | 2.97153 | 9.39681 || 9.43 | 88.9249 | 3.07083 | 9.71082
8.24 | 67.8976 | 2.87054 | 9.07744 || 8.84 | 78.1456 | 2.97321 | 9.40213 || 9.44 | 89.1136 | 3.07246 | 9.71597
8.5 | 68.0625 | 2.87228 | 9.08295 || 8.85 | 78.3225 | 2.97489 | 9.40744 || 9.45 | 89.3025 | 3.07409 | 9.72111
8.26 | 68.2276 | 2.87402 | 9.08845 || 8.86 | 78.4996 | 2.97658 | 9.41276 || 9.46 | 89.4916 | 3.07571 | 9.72625
8.27 | 68.3929 | 2.87576 | 9.09395 || 8.87 | 78.6769 | 2.97825 | 9.41807 || 9.47 | 89.6809 | 3.07734 | 9.73139
8.28 | 68.5584 | 2.87750 | 9.09945 || 8.88 | 78.8544 | 2.97993 | 9.42338 || 9.48 | 89.8704 | 3.07896 | 9.73653
8.29 | 68.7241 | 2.87924 | 9.10494 || 8.89 | 79.0321 | 2.98161 | 9.42868 || 9.49 | 90.0601 | 3.08058 | 9.74166
8.30 | 68.8900 | 2.88097 | 9.11043 || 8.90 | 79.2100 | 2.98329 | 9.43398 || 9.50 | 90.2500 | 3.08221 | 9.74679
8.31 | 69.0561 | 2.88271 [ 9.11592 || 8.91 | 79.3881 | 2.98496 | 9.43028 || 9.51 | 00.4401 | 3.08383 | 9.75192
8.32 | 69.2224 | 2.88444 | 9.12140 || 8.92 | 79.5664 | 2.98664 | 9.44458 || 9.52 | 90.6304 | 3.08545 | 9.75705
8.33 | 69.3889 | 2.88617 | 9.12688 ||8.93 | 79.7449 | 2.98831 | 9.44987 || 9.53 | 90.8209 | 3.08707 | 9.76217
8.34 | 69.5556 | 2.88791 | 9.13236 (| 8.94 | 79.9236 | 2.98998 | 9.45516|| 9.54 | 91.0116 | 3.08869 | 9.76729
8.35 | 69.7225 | 2.88964 | 9.13783 |[8.96 | 80.1025 | 2.99166 | 9.46044 || 9.56 | 91.2025 | 3.09031 | 9.77241
8.36 | 69.8896 | 2.89137 | 9.14330 (| 8.96 | 80.2816 | 2.99333 | 9.46573 || 9.56 | 91.3936 | 3.09192 | 9.77753
8.37 | 70.0569 | 2.89310 | 9.14877 || 8.97 | 80.4609 | 2.99500 | 9.47101 || 9.57 | 91.5849 | 3.09354 | 9.78264
8.38170.2244 | 2.89482 | 9.15423 || 8.98 | 80.6404 | 2.99666 | 9.47629|| 9.58 | 91.7764 | 3.09516 | 9.78775
8.39 | 70.3921 | 2.89655 | 9.15969 || 8.99 | 80.8201 | 2.99833 | 9.48156 || 9.59 | 91.9681 | 3.09677 | 9.79285
8.40 | 70.5600 | 2.89828 | 9.13515||9.00 | 81.0000 | 3.00000 | 9.48683 || 9.60 | 92.1600 | 3.09839 | 9.79796
8.41 | 70.7281 | 2.90000 | 9.17061 || 9.01 | 81.1801 | 3.00167 | 9.49210]| 9.61 | 92.3521 | 3.10000 | 9.80306
8.42 | 70.8964 | 2.90172 | 9.17606 || 9.02 | 81.3604 | 3.00333 | 9.49737 || 9.62 | 92.5444 | 3.10161. | 9.80816
8.43 | 71.0649 | 2.90345 | 9.18150((9.03 | 81.5409 | 3.00500 | 9.50263 || 9.63 | 92.7369 | 3.10322 | 9.81326
8.44 | 71.2336 | 2.90517 | 9.18695 |[9.04 | 81.7216 | 3.00666 | 9.50789 || 9.64 | 92.9296 | 3.10483 | 9.81835
8.45 | 71.4025 | 2.90689 | 9.19239 || 9.05 | 81.9025 | 3.00832 | 9.51315|] 9.65 | 93.1225 | 3.10644 | 9.82344
8.46 | 71.5716 | 2.90851 | 9.19783 |[9.06 | 82.0836 | 3.00998 | 9.51840|| 9.66 | 93.3156 | 3.10805 | 9.82853
8.47 | 71.7409 | 2.91033 | 9.20326 || 9.07 | 82.2649 | 3.01164 | 9.52365 || 9.67 | 93.5089 | 3.10966 | 9.83362
8.48 | 71.9104 | 2.91204 | 9.20869 |[9.08 | 82.4464 | 3.01330 | 9.52800 || 9.68 | 93.7024 | 3.11127 | 9.83870
8.49 | 72.0801 | 2.91376 | 9.21412 (9.09 | 82.6281 | 3.01496 | 9.53415|| 9.69 | 93.8961 | 3.11288 | 9.84378
8.50 | 72.2500 | 2.91548 | 9.21954 |[9.10 | 82.8100 | 3.01662 | 9.53939 || 9.70 | 94.0000 | 3.11448 | 9.84886
8.51|72.4201 | 2.91719 | 9.22497 (| 9.11 | 82.9921 | 3.01828 | 9.54463 || 9.71 | 94.2841 | 3.11609 | 9.85393
8.52 | 72.5904 | 2.91890 | 9.23033 1/9.12 | 83.1744 | 3.01993 | 9.54987 || 9.72 | 94.4784 | 3.11769 | 9.85901
8.53 | 72.7609 | 2.92062 | 9.23580 (| 9.13 | 83.3569 | 3.02159 | 9.56510| 9.73 | 94.6729 | 3.11929 | 9.86408
8.54 | 72.9316 | 2.92233 | 9.24121 |[9.14 | 83.5396 | 3.02324 | 9.56033 || 9.74 | 94.8676 | 3.12090 | 9.86914
8.55 | 73.1025 | 2.92404 | 9.24662 | 9.15 | 83.7225 | 3.02490 { 9.56556 || 9.75 | 95.0625 | 3.12250 | 9.87421
8.56 | 73.2736 | 2.92575 | 9.25203 |[9.16 | 83.9056 | 3.02655 | 9.57079|| 9.76 | 95.2576 | 3.12410 | 9.87927
-8.57 | 73.4449 | 2.92746 | 9.25743 ([9.17 | 84.0889 | 3.02820 | 9.57601 || 9.77 | 95.4529 | 3.12570 | 9.88433
8.58 [ 73.6164 | 2.92916 | 9.26283 || 9.181 84:2724 | 3.02985 |.9.58123 || 9.78 | 96.6484 | 3.12730 | 9.88939
8.59 | 73.7881 | 2.93087 | 9.26823 || 9.19 | 84.4561 | 3.03150 | 9.58645|| 9.79 | 95.8441 | 3.12890 | 9.89444
8.60 | 73.9600 | 2.93258 | 9.27362 || 9.20 | 84.6400 | 3.03315 | 9.59166 || 9.80 | 96.0400 | 3.13050 | 9.89949
8.61 | 74.1321 | 2.93428 | 9.27901 || 9.21 | 84.8241 | 3.03480 | 9.59687 || 9.81 | 96.2361 | 3.13209 | 9.90454
8.62 | 74.3044 | 2.93598 | 9.28440((9.22 | 85.0084 | 3.03645 | 9.60208 || 9.82 | 96.4324 | 3.13369 | 9.90959
8.63 | 74.4769 | 2.93769 | 9.28978 |(9.23 | 85.1929 | 3.03809 | 9.60729 || 9.83 | 96.6289 | 3.13528 | 9.91464
8.64 | 74.6496 | 2.93939 | 9.29516 || 9.24 | 85.3776 | 3.03974 | 9.61249|| 9.84 | 96.8256 | 3.13688 | 9.91968
8.65 | 74.8225 | 2.94109 | 9.30054 {| 9.25 | 85.5625 | 3.04138 | 9.61769 || 9.85 | 97.0225 | 3.13847 | 9.92472
8.66 | 74.9956 | 2.94279 | 9.30591 || 9.26 | 85.7476 | 3.04302 | 9.62289 || 9.86 | 97.2196 | 3.14006 | 9.92975
8.67 | 75.1689 | 2.94449 | 9.31128 || 9.27 | 85.9329 | 3.04467 | 9.62808 || 9.87 | 97.4169 | 3.14166 | 9.93479
8.68 | 75.3424 | 2.94618 | 9.31665 (| 9.28 | 86 1184 | 3.04631 | 9.63328 | 9.88 | 97.6144 | 3.14325 | 9.93982
8.69 | 75.5161 | 2.94788 | 9.32202 || 9.29 | 86.3041 | 3.04795 | 9.63846 || 9.89 | 97.8121 | 3.14484 | 9.94485
8.70 | 75.6900 | 2.94958 | 9.32738 || 9.30 | 86.4900 | 3.04959 | 9.64365|| 9.90 | 98.0100 | 3.14643 | 9.94987
8.71 | 75.8641 | 2.95127 | 9.33274 || 9.31 | 86.6761 | 3.05123 | 9.64883 || 9.91 | 98.2081 | 3.14802 | 9.95490
8.72 | 76.0384 | 2.95296 | 9.33809 || 9.32 | 86.8624 | 3.05287 | 9.65401 || 9.92 | 98.4064 | 3.14960 | 9.95992
8.73 1 76.2129 | 2.95466 | 9.34345 ([ 9.33 | 87.0489 | 3.05450 | 9.65919 || 9.93 | 98.6049 | 3.156119 | 9.96494
8.74 | 76.3876 | 2.95635 | 9.34880 || 9.34 | 87.2356 | 3.05614 | 9.66437 || 9.94 | 98.8036 | 3.15278 | 9.96995
8.75 | 76.5625 | 2.95804 | 9.35414 || 9.86 | 87.4225 | 3.05778 | 9.66954 || 9.95 | 99.0025 | 3.15436 | 9.97497
8.76 | 76.7376 | 2.95973 | 9.35949 || 9.36 | 87.6096 | 3.05941 | 9.67471 || 9.96 | 99.2016 | 3.15595 | 9.97998
8.77 | 76.9129 | 2.96142 | 9.36483 || 9.37 | 87.7969 | 3.06105 | 9.67988 || 9.97 | 99.4009 | 3.15753 | 9.98499
8.78 | 77.0884 | 2.96311 | 9.37017 || 9.38 | 87.9844 | 3.06268 | 9.68504 || 9.98 | 99.6004 | 3.15911 | 9.98999
8.79 | 77.2641 | 2.96479 | 9.37550 |[ 9.39 | 88.1721 | 3.06431 | 9.69020|| 9.99 | 99.8001 | 3.16070 | 9.99500
8.80 | 77.4400 | 2.96648 | 9.38083 || 9.40 | 88.3600 | 3.06594 | 9.69536 ||10.00 | 100.000 | 3.16228 | 10.0000
N N2 VN |VioN | N N? VN |VioN || N A? vN | VioN
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NATURAL (NAPIERIAN) LOGARITHMS

The natural logarithm of a number is the index of the power to which the
base e (2.7182818) must be raised in order to equal the number.

Example: log, 4.12 = 1n 4.12 = 1.4159.
The table gives the natural logarithms of numbers from 1.00 to 9.99 di-

rectly, and permits finding logarithms of numbers outside that range by
the addition or subtraction of the natural logarithms of powersof 10.

Example: 1ln 673. = 1ln 6.79 + ln 10‘ = 1.9155 + 4.8052 = 68.5207

In 0.0879 = 1n 6.79 — 1n 10° = 1.9156 — 4.8052 = ~ 2.8897
Natural Logarithms of 10%
1n 10_ = 2.302585 1n 10% = 9.210340 1n 107 = 16.118006
1n 102 = 4.805170 1n 107 = 11.512025 1n 10% = 18.420881
1n 10° = 8.907755 1n 10° = 13.816611 1n 10° = 20.723266

To obtain the common logarithm, the natural logarithm is multiplied by
logio e, which is 0.434294, or logio N = 0.434294 1ln ¥.

N 0 1 2 3 4 5 6 7 8
1.0 | 0.0000 | 0.0100 [ 0.01938 | 0.0296 | 0.0392 | 0.0488 | 0.0583 | 0.0677 | 0.0770 | 0.0862
1.1 ]0.0953 | 0.1044 | 0.1133 ] 0.1222 | 0.1310 | 0 1398 | 0.1484 | 0.1570 | 0.1655 | 0.1740
1.2(0.1823 | 0.1906.| 0.1989 | 0.2070 | 0.2151 | 0.2231 | 0.2311 | 0.2390 | 0.2469 | 0.2546
1.3 ] 0.2624 | 0.2700 | 0.2776 | 0.2852 | 0.2927 | 0.3001 | 0.3075 | 0.3148 | 0.3221 | 0,3293
1.4 0.3365 ] 0.3436 | 0.3507 | 0. 3577 | 0.3646 | 0.3716 | 0.3784 | 0.3853 | 0.3920 | 0.3988
1.5 ] 0.4055 | 0 4121 | 0. 4187 | 0.4253 | 0.4313 | 0. 4383 | 0.4447 | 0.4511 | 0.4574 | 0 4637
1.6 | 0.4700 | 0.4762 | 0.4824 | 0.4886 | 0.4947 | 0.5008 | 0.5068 | 0.5128 | 0.5188 | 0.5247
1.7 ] 0.5306 | 0.5365 | 0.5423 | 0.5481 | 0.5539 | 0.5596 | 0 5653 | 0.5710 | 0.5766 | 0.5822
1.8 0.5878 | 0.5933 | 0 5988 | 0.6043 | 0 6098 | 0.6152 | 0.6206 | 0.6259 | 0.6313 | 0.6366
1.9 0.6419 | 0.6471 | 0.6523 | 0.6575 | 0.6627 | 0.6678 | 0.6729 | 0.6780 | 0.6831 | 0.6881
2.0/ 06931 | 0.6981 | 0.7031 |- 0.7080 | 0.7129 | 0.7178 | 0.7227 | 0.7275 | 0.7324 | 0.7372
21107419 | 0.7467 | 0.7514 | 0.7561 | 0.7608 | 0.7655 | 0.7701 | 0.7747 | 0.7793 | 0.7839
2.2 0.7885 | 0. 7930 | 0.7975 | 0.8020 | 0.8065 | 0.8109 | 0.8154 | 0.8198 | 0.8242 | 0.8286
2.3 0.8329 | 0.8372 | 0.8416 | 0.8459 | 0.8502 | 0.8544 | 0.8587 | 0.8629 | 0.8671 | 0.8713
2.4 08755 | 0.8796 | 0.8838 | 0.8879 | 0.8920 | 0.8951 | 0.9002 | 0.9042 | 0.9083 | 0.9123
2.5 0.9163 | 0.9203 | 0 9243 | 0.9282 | 0.9322 | 0.9361 | 0 9400 | 0.9439 | 0.9478 | 0.95!7
2.6 1 0.9555 | 0.9594 | 0.9632 | 0.9670 | 0.9708 | '0.9746 | 0.9783 | 0.9821 | 0.9858 | 0.9895
2.7 10.9933 | 0.9969 | 1.0006 [ 1.0043 | {. 0080 [ 1.0116 | 1.0152 | 1.0188 | 1.0225 | 1.0260
2.8 ] 1.0296 | 1.0332 | 1.0367 | 1.0403 | 1.0438 | 1.0473 | 1.0508 | 1.0543 | 1.0578 | 1.0613
2.9 | 1.0647 | 1.0682 | 1.0716 | 1.0750 | 1.0784 | 1.0818 | 1.0852 | 1.0886 | 1.0919 | 1.0953
$.0)|1.0986 | 1.1019 | 1.1053 | 1.1086 | 1.1119 | 1.1151 | 1.1184 | 1.1217 | 1.1249 | 1.1383
3.0 ] 11314 ] 11346 | 11378 | 11410 | 1.1442 | 1. 1474 ] 11506 | 1.1537 | 1.1569 | 1.1600
3.2 1.1632 | 1.1663 | 1.1694 | 1.1725 | 1.1756 | 1. 1737 | 1.1817 | 1.1848 | 1.1878 | 1.1909
3.3 1.1939 ] 1.1969 | 1.2000 | 1.2030 | 1.2060 | 1.2090 | 1.2119 | 1.2149 | 1.2179 | 1.2208
3.4 1.2238 | 1.2267 | 1.2296 | 1.2326 | 1.2355 | 1.2384 | 1.2413 | 1.2442 | 1.2470 | 1.2499
3.5 ] 1.2528 | 1.2556 | 1.2585 | 1.2613 | 1.264! | 1.2669 | 1.2698 | 1.2726 | 1.2754 | 1.2782
3.6 1.2809 | 1.2837 | 1.2865 | 1.2892 | 1.2920 | 1.2947 | 1.2975 | 1.3002 | 1.3029 | 1.3056
3.7 11.3083 | 1.3110 ] 1.3137 | 1.3164 | 1.3191 | 1.3218 | 1.3244 | 1.3271 | 1.3297 | 1.3324
3.8 | 1.3350 | 1.3376 | 1.3403 | 1.3429 | 1.3455 | 1.3481 | 1.3507 | 1.3533 | 1.3558 | 1.3584
3.9 | 1.3610 | 1.3635 | 1.3661 | 1.3686 | 1.3712 | 1.3737 | 1.3762 | 1.3788 | 1.3813 | 1.3838
4.0 | 1.8863 | 1.3888 | 1.3918 | 1.3938 | 1.3963 | 1.3987 | 1.4013 | 1.4086 | 1.4061 | 1.4088
4.0 | 14110 ] 1.4134 | 1. 4159 | 1.4183 | 1.4207 | 1.4231 | 1.4255 | 1.4279 | 1.4303 | 1.4327
4.2 ] 1.4350 | 1.4375 | 1.4398 | 1.4422 | 1.4446 | 1.4469 | 1.4493 | 1.4516 | 1.4540 | 1.4563
4.3 ]| 1.4586 | 1.4609 | 1.4633 | 1.4656 | 1.4679 | 1.4702 | 1.4725 | 1.4748 | 1.4770 | 1.4793
4.4 | 1.4816 | 1.4839 | 1.4861 | 1.4884 | 1.4907 | 1,4929 | 1.4951 | 1.4974 | 1.4996 | 1.5019
4.5 ] 1.5041 | 1.5063 | 1.5085 | 1.5107 | 1.5029 | 1.5150 | 1.5173 ] 1.5195] 1.5217 | 1.5239
4.6 | 1.5261 | 1.5282 | 1.5304 | 1.5326 | 1.5347 | 1.5369 | 1.5390 | 1.5412 | 1.5433 | 1.5454
4.7 ] 1.5476 | 1.5497 | 1.5518 | 1.5539 | 1.5560 | 1.5581 | 1.5602 | 1.5623 | 1.5644 | 1.5663
4.8 1.5686 | 1.5707 | 1.5728 | 1.5748 | 1.5769 | 1.5790 | 1.5810 | 1.5831 | 1.5851 | 1.5872
4.9 ] 1.5892 | 1.5913 | 1.5933 | 1.5953 | 1.5974 | 1.5994 | 1.6014 | 1.6034 | 1.6054 | 1.6074




NATURAL LOGARITHMS (continued)

N 0 | 2 3 4 ) 6 7 8 9
5.0 | 1.6094 | 1.6514 | 1.6134 | 1.6164 | 1.6174 | 1.6194 | 1.6314 | 1.6233 | 1.6353 | 1.6378
5.1 ] 1.6292 [ 1.6312 | 1.6332 | 1.6351 | 1.6371 | 1.6390 | 1.6409 | 1.6429 | 1.6448 | 1.6467
5.2 1.6487 | 1.6506 | 1.6525 | 1.6544 | 1.6563 | 1.6582 | 1.6601 | 1.6620 | 1.6639 | 1.6658
5.3 1.6677 1 1.6696 | 1.6715 | 1.6734 | 1.6752 | 1.677) | 1.6790 | 1.6808 | 1.6827 | 1.6845
5.4] 1.6864 | 1.6882 ] 1.6901 | 1.6919 | 1.6938 | 1.6956 | 1.6974 | 1.6993 | 1.7011 | 1.7029
5.5 ] 1.7047 | 1.7066 | 1.7084 | 1.7102 | 1.7120 | 1.7138 | 1.7156 | 1.7:74 | 1.7192 | 1.7210
5.6 | 1.7228 | 1.7246 | 1.7263 | 1.7281 | 1.7299 | 1.7317 | 1.7334 | 1.7352 } 1.7370 | 1.7387
5.7 | 1.7405 | 1.7422 ] 1.7440 | 1.7457 | 1.7475 | 1.7492 | 1.7509 | 1.7527 | 1.7544 | .1.7561
5.8 1.7579 | 1.7596 | 1.7613 | 1.7630 | }.7047 | 1.7664 | 1.7681 | 1.7699 | 1.7716 | 1.7733
5.9 | 1.7750 | 1.7766 | 1.7783 | 1.7800 | 1.7817 | 1.7834 | 1.7851 | 1.7867 | 1.7884 | 1.790}
6.0 1.7918 | 1.7934 | 1.7951 | 1.7967 | 1.7984 | 1.8001 | 1.8017 | 1.8034 | 1.8050 | 1.8066
6.1 1.8083 | 1.8099 | 1.8116 | 1.8132 | 1.8148 | 1.8165 | 1.8181 | 1.8197 | 1.8213 | 1.8229
6.2 ] 1.8245 | 1.8262 | 1.86278 | 1.8294 | 1.8310 | 1.8326 | 1.8342 | 1.8358 | 1.8374 | 1.8390
6.3 ] 1.8405 | 1.8421 | 1.8437 | 1.8453 | 1.8469 | 1.8485 | 1.8500 { 1.8510 | 1.8532 | 1.8547
6.4 1.8563 | 1.8579 | 1.8594 | 1.8610 | 1.8625 | 1.8641 | 1.8656 | 1.8672 | 1.8687 | 1.8703
6.5 1.8718 | 1.8733 | 1.8749 | 1.8764 | 1.8779 | 1.8795 | 1.8310 | 1.8825 | 1.8840 | 1.8856
6.6 | 1.8871 | 1.8886 | 1.8901 | 1.8916 | 1.8931 | 1.8946 | 1.8961 | 1.8976 | 1.8991 | 1.9006
6.7 | 1.9021 | 1.9036 | 1.9051 | 1.9066 [ 1.9081 | 1.9095 | 1.9110 | 1.9125 | 1.9140 | 1.9155
6.8 1.9169 | 1.9184 | 1.9199 | 1.9213 | 1.9228 | 1.9242 | 1.9257 | 1.9272 | 1.9286 | 1.930!
6.9 | 1.9315 ] 1.9330 | 1.9344 | 1,9359 | 1.9373 | 1.9387 | 1.9402 | 1.9416 | 1.9430 | 1.9445
7.0 | 1.9459 | 1.947S | 1.9488 | 1.9502 | 1.9516 | 1.9530 | 1.9644 | 1.9559 | 1.9873 | 1.9587
7.1 ] 1.9601 | 1.9615 | 1.9629 | 1.9643 | 1.9657 | 1.9671 | 1.9685 | 1.9699 | 1.9713 | 1.9727
7.21 1.974) | 1.9755 | 1.9769 | 1.9782 | 1.9796 |.1.9810 | 1.9824 | 1.9338 | 1.9851 | 1.9865
7.3 1 1.9879 | 1.9892 | 1.9906 | 1.9920 | 1.9933 | 1.9947 | 1.9961 | 1.9974 | 1.9988 | 2.0001!
7.4 2.0015| 20028 | 2.0042 | 2 0055 | 2.0069 | 2.0082 | 2.0096 | 2.0109 | 2.0122 [ 2.0136
7.5 ] 2.0149 ) 2.0162 | 2.0176 | 2.0189 | 2.0202 | 2.0215 | 2.0229 | 2.0242 | 2.0255 | 2.0268
7.6 | 2.0281 | 2.0295 | 2.0308 | 2.0321 | 2.0334 | 2.0347 | 2.0300 | 2.0373 | 2.0386 | 2.0399
7.7 ] 2.0412 ] 2.0425 ] 2.0438 | 2.0451 | 2.0464 | 2.0477 | 2.0490 | 2.0503 | 2.0516 | 2.0528
7.8 2.0541 | 2.0554 | 2 0567 | 2.0580 | 2.0592 | 2.0605 | 2.0618 | 2.0631 | 2.0643 | 2.0656
7.9 | 2.0669 | 2.0681 | 2.0694 | 2.0707 | 2.0719 | 2.0732 | 2.0744 | 2.0757 | 2.0769 | 2.0782
8.0 | 2.0794 | 2.0807 | 2.0819 | 2.0832 | 2.0844 | 2.0837 | 2.0869 | 2.0882 | 2.0894 | 2.0906
8.1 ] 2.0019 | 2.0931 | 2.0943 | 2.0956 | 2.0968 | 2.0989 | 2.0992 | 2.1005 | 2.1017 | 2.1029
8.2 2.1041 | 2.1054 | 2.1066 | 2.1078 | 2.1090 | 2.1102 1 2. 1114 | 2.1126 | 2.1138 | 2.1150
8.3 2.1163 ] 21175 | 2.1187 | 2.1199 | 2.1211 | 2.1223 | 2.1235 | 2.1247 | 2.1258 | 2.1270
8.4 2.1282 | 2.1294 | 2.1306 | 2.1318 | 2.1330 | 2.1342 | 2.1353 | 2.1365 | 2.1377 | 2.1389
8.5 2.1401 | 2.1412 | 2.1424 | 2.1436 | 2.1448 | 2.1459 | 2.1471 | 2.1485 | 2.1494 | 2.1506
8.6 ] 2.1518 | 2.1529 | 2.1541 | 2.1552 | 2.1564 | 2.1576 | 2.1587 | 2.1599 | 2.1610 | 2.1622
8.7 2.1633 | 2.1645 | 2.1656 | 2.1668 | 2.1679 | 2.1691 | 2.1702 | 2.1713 | 2.1725 | 2.1736
8.8 2.1748 | 2.1759 | 2.1770 | 2.1782 | 2.1793 | 2.i804 | 2.18i5 | 2.1827 | 2.1838 | 2.1849
8.9 2.1861 | 2.1872 | 2.1883 | 2.1894 | 2.1905 | 2.1917 | 2.1928 | 2.1939 | 2.1950 | 2. 196l
$.0 | 2.1972 | 2.1983 | 2.1994 | 2.2006 | 2.2017 | 3.2028 | 2.2039 | 2.2080 | 2.2061 | 2.2073
9.1]2.2083 | 2.2094 | 2.2105 | 2.2116 | 2.2127 | 2.2138 | 2.2148 | 2.2159 | 2.2170 | 2.218)
9.2]2.2192 | 2.2203 | 2.2214 | 2.2225 | 2.2235 | 2.2246 | 2.2257 | 2.2268 | 2.2279 | 2.2289
9.3 ] 2.2300 | 2.2311 | 2.2322 | 2.2332 | 2.2343 | 2.2354 | 2.2364 | 2.2375 | 2.23806 | 2.2396
9.4 ] 2.2407 | 2.2418 | 2.2428 | 2.2439 | 2.2450 | 2.2460 | 2.2471 | 2.2481 | 2.2492 | 2.2502
9.5] 2.2513 | 2.2523 | 2.2534 } 2.2544 | 2.2555 | 2.2565 | 2.2576 | 2.2586 | 2.2597 | 2.2607
9.6 | 2.2618 | 2.2628 | 2.2638 | 2.2649 | 2.2659 | 2.2670 | 2.2680 | 2.2090 | 2.2701 | 2.2711
9.7 22721 | 2.2732 | 2.2742 | 2.2752 | 2.2762 | 2.2773 | 2.2783 | 2.2793 | 2.2803 | 2.2814
9.8 | 2.2824 | 2.2834 | 2.2844 | 2.2854 | 2.2865 | 2.2875 | 2.2885 | 2.2895 | 2.2905 | 2.2315
9.9 | 2.2925 | 2.2935 | 2.2946 | 2.2956 | 2.2966 | 2.2976 | 2.2986 | 2.2996 | 2.3005 | 2.3016
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Njoj118|8|4|86|6|7|8|9|122|45¢6| 1789

The proportional parts are stated in full for every tenth at the right-hand side.
The logarithm of any number of four significant figures can be read directly by add-
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(continued)—LOGARITHMS TO BASE 10
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ing the proportional part corresponding to the fourth figure to the tabular number
corresponding to the first three figures. There may be an error of 1 in the last place.
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Airflow Calibration - SQUEEZE-BULB, GAS AND VAPOR DETECTION SYSTEMS

Object

To calibrate squeeze -bulb devices
using the soap bubble meter as a primary
standard for sampling devices which re-
quire a low rate of airflow.

Theory

The bubble meter consists of an in-
verted burette with a soapbubble formed
and adhering to the internal surface
wall. As the air is evacuated by the
sampling device through the discharge
orifice the bubble will move in the
direction of the airflow. This will
permit recording of the volume per time
sampled.

Equipment

1. burette

2. soap solution

3. squeeze-bulb device
4. ring stand

Reference

1. Kusnetz, H.L., "Airflow Calibration
of Direct Reading Colorimetric De-
vices." AIHA Journal, 21:4, August

( 1%).

S. beaker
6. hose attachment

Procedure

Pour the soap solution gently, to
avoid foaming, into a clean burette and
roll burette slowly as the soap is re-
turned to the beaker to insure coating
of the entire interior surface. Clamp
the burette into the ring stand in an
inverted position. Raise the beaker to
the bottom of the burette and form a
bubble by touching the surface of the
soap to the mouth of the burette. Draw
the bubble to the calibrated area of
the burette by using suction. Form
three or four bubbles by the same
method. Rotate the burette on the ring
stand so the bubbles will traverse in a
horizontal direction. Attach the device
to be calibrated to the burette and
measure time needed to traverse given
volume of air.
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Airflow Calibration - GREENBURG-SMITH IMPINGER

Object

To calibrate the flow rate through
an all-glass Greenburg-Smith impinger.

Theory

In the standard procedure for using
a Greenburg-Smith impinger, a suction
pressure of 3" of mercury is applied to
the exhaust side. One cubic foot per
minute of air will be drawn into the
impinger under these conditions, if the
orifice is 2.3 mm in diameter. Since
glass is not a precision construction
material, it cannot be assumed that the

Equipment

orifice will be exactly 2.3 mm. Small
variations in orifice size will cause
significant departures in flow rate
from 1 cfm. It is necessary to calibrate
each impinger, and use the flow rate
found in subsequent work with that
impinger.

The impinger should be calibrated
against a primary or accurate secondary
standard. In this experiment, a rota-
meter (secondary standard) will be
used. It will be assumed, for purposes
of this experiment, that the rotameter
is in proper condition.

Procedure

Turn on the pump and adjust the
suction until the mercury manometer
reads 3" Hg. Read the rotameter and
mark the vacuum gauge of the pump at
this flow.

Calculations

Impinger Number | Rotameter Reading

A ROTAMETER
B IMPINGER
C MANOMETER
D PUMP
D
—_—>
\

Translate the rotameter reading into
cfm, make pressure and temperature
corrections, if necessary.

Record the correct flow for each

impinger used under conditions outlined
in the procedure.

Corrected Airflow cfm

Prepared by: Glen W. Sutton
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Airflow Calibration

Object

To use a wet test meter as a means
of calibrating the flow rate through a
midget impinger.

Theory

A commonly used flow producing
apparatus for the midget impinger con-
sists of a hand operated pump assembly
with an adjustable negative pressure
regulator and a negative pressure gauge.
Its design is such that when the regu-
lator is adjusted tomaintain a pressure
drop across the impinger of 12" H,0
then a 0.1 cfm sample will be drawn
through the impinger flask. The flow
rate and the negative pressure gauge
should be checked, then rechecked at
regular intervals to insure that there
has been no change with usage. The flow
rate should be maintained within * 3%
of the rated flow.

Equipment

1. Wet test meter

2. Midget impinger pump
3. Midget impinger flask
4. Manometer

Procedure

Connect the impinger flask to the
pump by means of a short section of

- MIDGET IMPINGER

rubber tubing with one leg of a water
manometer connected in the line near
the impinger flask. With sampling medium
1in the flask connect the wet test meter
to the impinger with the other leg of
the manometer connected into this line
near the impinger. The manometer should
now indicate the pressure drop across
the impinger. Crank the pump at a speed
(about 50 rpm) which will maintain a
steady 12" pressure drop as indicated
on the manometer, adjusting the negative
pressure regulator if necessary. Make
three runs to determine the flow rate
through each impinger timing complete
revolutions of the wet test meter on
each run.

Disconnect the wet test meter and
the manometer from the entrance to the
impinger. Crank the pump to again main-
tain 12" negative pressure on the manom-
eter adjusting the negative pressure
regulator if necessary. This final
adjustment is necessary because of the
additional negative pressure caused by
the wet test meter when it was in the
system. Mark the negative pressure
gauge to indicate the correct negative
pressure for operating the pump. Calcu-
late the rate of air flow through the
impinger. Pressure and temperature
corrections should be made when appli-
cable.

Calculations .
—_— Meter Reading Elapsed Time Flow Rate
Impinger Number cu. ft. min. cfm

Prepared by: Glen W. Sutton
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Airflow Calibration - FIXED FLOW ELECTROSTATIC PRECIPITATOR

Object

To calibrate the rate of airflow of
a fixed flow electrostatic precipitator
with a thermoanemometer.

Theory

The fixed flow electrostatic precip-
itator consists of a high voltage power
supply and a sampling head, which con-
tains an ionizing center wire or elec-
trode, a collection tube, and a small
capacitor motor with a centrifugal
blower. The characteristics of the
blower are such that the slightest in-
crease (<4" H.0) of resistance drastic-
ally reduces the rate of airflow, and
for this reason the usual means of
calibration cannot be employed. A tech-
nique which avoids any noticeable
resistance to airflow must therefore be
used. One method is the use of a ther-
moanemometer, which is based on the
principle that air flowing over a heated
wire or heated thermometer bulb reduces
the electrical resistance of the wire
and the temperature of the thermometer.
This heated bulb thermometer is used in
conjunction with a standard or unheated
thermometer. When both thermometer
bulbs are placed in an air stream, the
difference in temperature can be re-
lated directly to the velocity of air
passing over the bulbs. The sensing
heads (or bulbs) of the thermoanemometers
are small enough to avoid noticeable
resistance to air flow and accurate
enough to provide better reproduci-
bility than most secondary calibration
standards.

Another means of calibrating this
instrument is the null point or null
pressure method which will be discussed
in Section E-5 for variable flow elec-
trostatic samples.

Prepared by: Stanley J. Reno

Equipment

1. Electrostatic Precipitator

2. Thermoanemometer with matched
thermometers (capable of accurately
indicating temperature to 0.05°C)

3. Precipitator tubes

4. Calibrated flowmeter (range O-
20 cfm)

5. Compressed air source

6. Wet-test meter

Procedure

In order to save time, a calibration
curve of airflow versus thermoanemometer
temperature differences was previously
prepared. This was done as follows:
The heated and unheated thermometers
were inserted at right angles to each
other about midway in a precipitator
collecting tube (Figure 1). The heated
thermometer was placed downstream from
the unheated thermometer to avoid any
heating of the air streamby the thermal
element. One additional tube was joined
to the first by tape and the assembly
supported in a wooden frame. The outlet
side of the collecting tube (exhaust
end - Figure 2) was attached to the in-
let of a wet-test meter (3 cubic feet
mid-range capacity). A source of suc-
tion was connected to the outlet side
of the wet-test meter, and the suction
adjusted to produce an airflow of 3.0
cfm as measured by the wet-test meter
(Figure 2). The two thermometers (grad-
uated to read accurately to 0.05°C) were
allowed to reach equilibrium (three
identical readings one minute apart)and
the test was repeated for a sufficient
number of flow rates above andbelow 3.0
cfm to establish a calibration curve.

The procedure is as follows: Turn on
the precipitator blower and read the
thermometers at one-minute intervals.
Repeat this procedure until three suc-
cessive temperature differentials are
the same. Do not create too much air
movement in the vicinity of the experi-
ment as thiswill give erroneous results.
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| .ELECTROSTATIC
PRECIPITATOR TUBES

2 _STANDARD THERMOMETER
3.HEATED WIRE

THERMOMETER @
T /—@
" AIR
2hY T FLowD
Figure 1.

4-PRECIPITATOR TUBES
WITH THERMOMETERS

5-THERMOANEMOMETER
6-WET GAS METER
7-SOURCE OF VACUUM

AIR FLOW—>[ 1O | 7 @ W
Figure 2.
Calculations
Thermometer Readings Voltage on
Heated Thermometer
Heated cold AT

)

Airflow from
Curve cfm
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Airflow Calibration - VARIABLE FLOW ELECTROSTATIC SAMPLER

Object

To calibrate the rate of airflow of
a variable flow electrostatic precip-
itator.

Theory

The sourceof suction in the sampling
head of the electrostatic precipitator
consists of a small capacitor motor
with a centrifugal blower. The charac-
teristics of the blower are such that
the rate of airflow decreases consider-
ably with increase in resistance
(<%" H,0) and for this reason methods
of calibration are used which do not
result in additional resistance to the
airflow.

This instrument may be calibrated by
either the thermoanemometer method out-
lined in Section E-4 or the null point

or null pressure method described in
this Section.

The null point method utilizes a
simple box or container with a plastic
diaphragm cover. Metered air from a
pump or compressed air line is intro-
duced into one side of the box and air
is removed by the electrostatic precip-
itator, (ESP), blower from another side
of the box. If air is introduced into
the container at the same rate as it is
removed a null point or atmospheric
pressure is obtained within the box. An
inclined manometer, attached to the box,
1s used to make certain that null or
atmospheric pressure is attained. The
airflow can be adjusted due to the
plastic diaphragm, without rupturing or
collapsing the container. Care should
be taken to avoid introducing air
directly across the precipitator inlet
as it is possible to force air through
the blower and still obtain a null
pressure within the box.

BOX (24"x18"x12")
.CALIBRATED
FLOWMETER

.COMPRESSED AIR
.INCLINED
MANOMETER
.RESTRICTING
ORIFICES

®

S W N’—
3)

o

-
R
|
]

'

6. PRECIPITATOR
TUBE

7. VARIABLE FLOW
ELECTRO-
STATIC

SAMPLER

i

~—0®

Figure 1.

Prepared by: Stanley J. Reno
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Equipment

1. Variable Flow Electrostatic Pre-
cipitator (ESP)

2. Precipitator tubes

3. Cardboard box with plastic cover

4. Inclined Manometer

5. Compressed air source

Procedure

Turn on the precipitator and adjust
the compressed air line (Figurel) un-
til a null is indicated by the inclined
manometer - care should be taken 1in
adjusting the airflow so that the con-
tainer diaphragm will not be ruptured.

|.VARIABLE FLOW
ELECTROSTATIC SAMPLER

2.RESTRICTING ORIFICES

3.PRECIPITATOR TUBES
WITH THERMOMETERS

Record the rate of flow of the com-
pressed air. Repeat the procedure with
other orifices for a variable flow
precipitator. Calculate flow rate for
the ESP using the formula Q = AV, where
Q = the rate of flow in cfm, V = the
velocity in feet per minute and A = the
area of the precipitator tube (0.0112

square feet). "

Avariable flow electrostatic sampler
can be calibrated also by the thermoan-
emometer method (Figure 2) by repeating
the procedure outlined in Section E-4
with various orifices supplied with the
sampler.

AIR - o
FLOW—)'[ » | o ®
4. THERMOANEMOMETER @ 6
(@
@ ©
Figure 2.
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Airflow Calibration - FILTER PAPER SAMPLER

Object

To prepare an airflow calibration
curve for a filter paper sampling de-
vice using an orifice meter and a
secondary standard.

Theory

Different types of filter media offer
a range of resistance to airflow. The
resistance to flow increases as the
sample of dust or fume is deposited on
the filter. It is therefore necessary
to calibrate the sampling device to
determine the rate of airflow under
various conditions. Several metering
devices are available for this purpose
but in this experiment, anorifice meter
will be calibrated against a rotameter.
A theoretical discussion on the opera-
tion of an orifice meter is given by
Jacobs1 and on the rotameter by Perryz.
Further theoretical considerations can
be found in standard references on air-
flow measurement.

A FILTER PAPER
SAMPLER

B FLOWMETER
C MANOMETER
D ROTAMETER

Equipment
1. Filter paper sample holder
2. Whatman #41 filter paper or other

filter media
. Orifice meter
Mercury U-tube manometer
Rotameter
Source of suction - pump
or vacuum line
Rubber tubing and metal T’s

SN bW

~

Procedure

Connect apparatus as shown in the
diagram. Apply suction until rotameter
reads about 1 cfm. Record readings of
rotameter, U-tube manometer and orifice
meter then repeat at four other rates
of airflow between 0 and 1 cfm. Correct
rotameter reading to standard conditions
of pressure and temperature by means of
gas law equation to give actual airflow
as ordinates and orifice meter reading

as abcissa. Use graph paper on page
E-6-2.
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Calculations

Indicated Orifice
Rotameter Airflow Mercury Room Actual Meter
Reading from Curve Manometer Temperature Airflow Reading

References

1. Jacobs, M.B.: The Analytical Chemis- 2. Perry, John H., editor: Chemical En-
try of Industrial Poisons, Hazards gineers’ Handbook. McGraw-Hill Book
and solvents. Interscience Publishers,

Company, Inc., New York, 3rd Ed.,
Inc., New York, 2nd Ed., p. 63, 1949. pP. 408, 1950.
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Airflow Calibration

Object

To calibrate the airflow indicator
of a high volume air sampling device
and prepare a calibration curve.

Theory

The pressure drop across the float
of a rotameter (secondary standard) is
essentially constant, however, the
pressure drop across the entire device,
including elbows, housing, etc., in-
creases rapidly with increased flow.
Therefore, to prevent the resistance of
the rotameter and connections from
affecting the flow characteristics of
the sampling device a balanced flow
system is utilized. To achieve this a
measured quantity of air is provided to
the sampler at atmospheric pressure.

Equipment

High volume sampler with filter

Magnehelic gauge or incline manometer

Rotameter, Venturi, orifice meter or
any calibrated secondary standard
of the appropriate range

- HIGH VOLUME SAMPLER

By-pass valve to connections

Blower or second high volume sampler
Rheostat

Graph Paper

Procedure

1. Insert a clean filter in the sam-
pler and connect the device as shown in
the sketch below. If a blower is not
available a second sampler without
filter can be utilized.

2. Turn on the sampler and blower
and adjust the by-pass valve from the
blower so that the pressure gauge which
is attached as close as possible to the
filter reads zero with reference to
atmosphere pressure. A rheostat may be
used on the supply air blower motor in
place of the by-pass valve.

3. Read and record airflow measured
on the rotameter and flow indicating
device on the instrument being cali-
brated.

4. With the sampler operating "simu-
late loading" of the filter by inserting

VENTURI METER

HIGH VOLUME
SAMPLER ke 3 Dmi (2nd STANDARD) ; BLOWER
3Dmin—»> je— 3 Dmin-»|
AIR FLOW

— - < . ¥ \3 MOTOR

- : :
E & ; | i ¢ D

N H J .L L—

STATIC PRESSURE TAP
FILTER TO
ATMOSPHERE

FLOW INDICATOR

INCLINED MANOMETER
ANEROID TYPE GAUGE
(0 TO 1712"H20)

Prepared by: Julius H. Fanney, ]Jr.

TO VARIABLE
POWER SUPPLY
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small pieces of paper (thin tissue)
into the filter housing and reconnect
to the calibration train.

5. Readjust the blower by-pass to
again obtain a zero pressure difference
and note and record the readings on the

References

1. Hama, George: Calibration of Airflow
Measuring Instruments. Encyclopedia
of Instrumentation for Industrial
Hygiene. University of Michigan, In-
stitute of Industrial Health, Ann
Arbor, Michigan, pp 703 (1956).

2. Harrison, W.K., J.S. Nader, and F.S.
Fugman: Constant Flow Regulator for
the High-Volume Air Sampler. Amer.
Ind. Hyg. Assoc. J. 21:115(1960).

3. Jackson, Howard W., F.B. Husted .and
W.R. LaRocque: ACompact Exhaust Ven -
tilation Training Aid. Amer. Ind.
Hyg. Assoc. J. 24:630 (1963).

4. Morley, Morgan J., and B.D. Tebbens:

rotameter and flow indicator.

6. Repeat the procedure to obtain
four or more sets of readings and draw
a calibration curve of indicated and
actual airflow on arithmetic graph
paper.

The Electrostatic Precipitator Dilu-
tion Method of Flow Measurement.
Amer. Ind. Hyg. Assoc. Quar., 14:303
(1953). o

5. . Air Pollution Measure-
ments of the National Air Sampling
Network: Public Health Service Publ.
No. 637. GPO (1958) 259pp. Superin-
tendent of Documents, Washington 25,
D.C.

6. Sallee, Elgin D., and R. H. Miller:
Industrial Hygiene Instruments. Amer.
Ind. Hyg. Assoc. Quar., 17:193 (1956).

7. Silverman, L.,and F.J. Viles: A High
Volume Air Sampling ad Filter Weigh-
ing Method for Certain Aerosols. ]J.
Ind. Hyg. and Toxicol. 30:124(1948).
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Preparation of Known Concentrations - STATIC METHOD

Object

To demonstrate a method of preparing
known vapor concentrations in a large
static chamber, and to demonstrate the
associated use of known concentrations
to calibrate instruments.

Theory

The static system involves the in-
troduction of a known amount of gas or
vapor into an enclosure of known volume.
As air samples are withdrawn, the usual
practice is to allow air to enter and
replace the sample. One exception to
this practice is to use a flexible
chamber such as a plastic container or
a balloon so that the removal of sample
air from the original volume is compen -
sated for by the collapse of the flex-
ible container. Another method is the
use of a chamber so large that removal
of small samples do not significantly
effect the vapor concentration.

With a fixed volume chamber and
assuming instantaneous mixing of the
incoming air with entire sample volume
then the difference in concentration as
a small volume is withdrawn is equal to
the concentration times the fraction of
the volume withdrawn orl

C-= Coe”(¥8) or 2.3 logio %?_::!_

Vo
where:
C = the concentration at any time
V = the total volume of sample
withdrawn
C. = the original concentration
o
Vo = the chamber volume

For any sampling, then the concen-
tration in the chamber is gradually
reduced. If the average concentration
of the sample can be allowed to vary 5%
from the original, then the concentra-
tion can be reduced 10% during sampling.

Prepared by: Stanley J. Reno

Using the above equation 10.5% of the
volume can be sampled while still main-
taining an average concentration of 95%
of the original. For purposes of this
experiment the class will determine if
the sample size is sufficient to signif-
icantly reduce the vapor concentration.

Equipment

1. 125 cubic feet stainless steel
chamber with blower piping, circulating
fan, ports and windows.

2. Syringe (1 ml.)

3. Reagent or contaminant to be in-
troduced into chamber.

4. Various sampling instruments to
be introduced during laboratory.

Procedure

Purge the chamber by opening the
discharge and inlet valves, starting
the pump and allowing the chamber to
purge for a few minutes. Shut off pump
and close all valves.

To calculate the volume of solvent
necessary to produce a desired concen-
tration in a given volume, the following
calculation is made:

22.4
tank vol.

of solvent
mol. wt.

wt.

ppm =

760 273 + T°C
pY pY X
P 273
wt. of solvent
Sp g

10°

and ml of solvent =

Where:

P = barometric pressure

T = temperature of gas mixture
in degrees centigrade

Inject the contaminant into the sampling
port using the 1 cc syringe. Allow 5
minutes for mixing and take readings
with the instruments provided by the
instructor. Record readings in the
Calculation Section of the Lab Proce-
dure Sheet.
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The same procedure can be used with
a smaller chamber2 which allows prepa-

ration of known concentrations and (2.3 log G - Y_)’
calibration of industrial hygiene in- C Vo
struments under field conditions.
Calculations the minimum size sample which can be
removed from the chamber while still
Calculate, using the formula pre- maintaining a concentration of 95% of
sented earlier in the exercise the original.

Contaminant Used Calculated

Instrument Readings

ml Conc. ppm Meter

ppm* Instrument Readings

|

*Readings should be obtained from the most recent calibration chart available.

References

1. Powell, C.H., and A.D. Hosey, Ed.:
The Industrial Environment - its
Evaluation and Control, Division of 2.
Occupational Health, U. S. Public
Health Service, Publication No. 614,
2nd Ed., Section B-8 prepared by
H.E. Ayer and J.R. Lynch, U. S. Gov-
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ernment Printing Office, Washington,

D.C. (1965).

Stead, F.M., and Taylor, G.J.: Cali-
bration of Field Equipment from Air-
Vapor Mixtures in a Five Gallon
Bottle. J. Ind. Hyg. & Tox., November
1947.



Preparation of Known Concentrations - DYNAMIC METHOD

Object

To prepare a known concentration by
the dynamic method of mixing of a con-
taminant (C0) with room air. Indicator
tubes will be calibrated at the known
concentration prepared.

Theory

A cylinder of compressed air contain-
ing a contaminant of known concentration
is used as a standard test gas for this
air flow calibration procedure. The
test gas (carbon monoxide) is diluted
to the desired concentration by regu-
lating the flow of the diluting air and
the air containing the CO. The ratio of
flow rates determines the dilution
factor. Air samples of the final air
mixtures will be measured with several
instruments.

Equipment

. Mixture of carbon monoxide in air
. Compressed air

. Flowmeters - two required

. Mixing chamber

. QO indicator tubes

nNnH WK =

=

Procedure

Since the threshold limit value for
carbon monoxide is 50 ppm2, several
points of calibration in this range
should be made. For example, to obtain
a point of calibration for 50 ppm using
a reference gas mixture of 0.1% (1000
ppm), it must be diluted 1 to 19 parts
of room air. Set flow rate of mixture
from cylinder containing CO mixture
at the desired rate and adjust the
diluting air flow rate at 19 times this
flow. The mixture will then contain
50 ppm.

In a similar manner with 0.1% con-
centration of CO gas flowing at 200 ml/
min. calculate the dilution factors,
dilution ratios and flow rates of room
air required to produce concentrations
of 25, 50, 75, and 100 ppm.

Allow the gas mixtures several min-
utes to reach equilibrium at each
concentration before obtaining sample
for calibration of each instrument.

| MIXTURE CO IN AIR
2 COMPRESSED AIR
3 FLOWMETERS

4 MIXING CHAMBER
5 CO INDICATOR
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Calculations

Volume cc /min.

Known
Q0 in Room
Air Air

Concentration
of
Mixture

ppm

Meter Reading
hundredths
of a percent

Indicator ppm
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Preparation of Known Concentrations - VAPOR PRESSURE METHOD

Object

To calibrate by the vapor pressure
method a mercury vapor detector, using
a dynamic flow system to produce known
concentrations of mercury vapor.

Theory

At any given temperature, the approx-
imate concentration of mercury in the
vapor phase in contact with the liquid
phase is reproducible under equilibrium
conditions, and can be calculated.

Equipment
LEGEND ¢

The equilibrium (saturation) concentra-
tion of mercury vapor in contact with
liquid mercury contained in an enclosur<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>