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𝑥𝑖𝑚𝑝𝑎𝑐𝑡 = 𝑣̅𝑝𝑟 ∙ 𝑇0

𝑥𝑏𝑙𝑎𝑠𝑡,𝑇0 = 𝑐𝑎𝑖𝑟 ∙ 𝑇0

𝑥𝑖𝑚𝑝𝑎𝑐𝑡 − 𝑥𝑏𝑙𝑎𝑠𝑡,𝑇0

𝑣̅𝑝𝑟∙𝑇0−c𝑎𝑖𝑟∙𝑇0

c𝑎𝑖𝑟
= (𝑇1 − 𝑇0)

𝑥𝑖𝑚𝑝𝑎𝑐𝑡 = 𝑐𝑎𝑖𝑟 ∙ 𝑇0 + 𝑐𝑎𝑖𝑟 ∙ (𝑇1 − 𝑇0)

𝑣̅𝑝𝑟 = 𝑐𝑎𝑖𝑟 ∙ (1 +
𝑇1−𝑇0

𝑇0
)
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Vmuzzle blast = 344 m/s

Xbullet supersonic Xbullet subsonic

Vsonic boom = 344 m/s

Firing point Microphone Strike point
Shock waves
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cos 𝛼 =
𝑥2
2+𝑥3

2−𝑥1
2

2𝑥2𝑥3

 

𝑡𝑠𝑜𝑢𝑛𝑑,𝑓𝑖𝑟𝑖𝑛𝑔 =
𝑥3

𝑐𝑎𝑖𝑟

𝑡𝑠𝑜𝑢𝑛𝑑,𝑖𝑚𝑝𝑎𝑐𝑡 =
𝑥1

𝑉𝑝𝑟𝑜𝑗
+

𝑥2

𝑐𝑎𝑖𝑟

∆𝑡 =
𝑥3−𝑥2

𝑐𝑎𝑖𝑟
−

𝑥1

𝑉𝑝𝑟𝑜𝑗
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x firing point to microphone [m] 880 880 880 880 880 880 880 880 880

v muzzle [m/s] 850 850 850 850 850 850 850 850 850

k [m/s/m] -0,40 -0,45 -0,50 -0,55 -0,60 -0,65 -0,70 -0,75 -0,80

x supersonic [m] 1266 1126 1010 920 842 779 724 674 634

t supersonic [s] x x x x 1,5 1,39 1,29 1,2 1,13

x subsonic [m] x x x x 38 101 156 206 246

t subsonic [s] x x x x 0,110 0,292 0,455 0,599 0,716

t arrival crack at microphone [s] x x x x 1,610 1,682 1,745 1,799 1,846

t arrival muzzle blast at microphone [s] x x x x 2,558 2,558 2,558 2,558 2,558

dt arrival crack and muzzle blast [s] x x x x 0,948 0,876 0,814 0,760 0,712

dt arrival crack and bullet [s] x x x x 0,000 0,008 0,025 0,051 0,074

x microphone to strike location [m] x x x x 40,8 39,9 39,0 38,0 37,1

x firing point to microphone [m] 880 880 880 880 880 880 880 880 880

v muzzle [m/s] 900 900 900 900 900 900 900 900 900

k [m/s/m] -0,40 -0,45 -0,50 -0,55 -0,60 -0,65 -0,70 -0,75 -0,80

x supersonic [m] 1390 1235 1112 1010 927 854 795 742 696

t supersonic [s] x x x x x 1,47 1,37 1,28 1,2

x subsonic [m] x x x x x 26 85 138 184

t subsonic [s] x x x x x 0,076 0,248 0,401 0,535

t arrival crack at microphone [s] x x x x x 1,546 1,618 1,681 1,735

t arrival muzzle blast at microphone [s] x x x x x 2,558 2,558 2,558 2,558

dt arrival crack and muzzle blast [s] x x x x x 1,012 0,940 0,878 0,823

dt arrival crack and bullet [s] x x x x x 0,004 0,012 0,019 0,035

x microphone to strike location [m] x x x x x 40,9 40,1 39,1 38,2

x firing point to microphone [m] 1000 1000 1000 1000 1000 1000 1000 1000 1000

v muzzle [m/s] 850 850 850 850 850 850 850 850 850

k [m/s/m] -0,40 -0,45 -0,50 -0,55 -0,60 -0,65 -0,70 -0,75 -0,80

x supersonic [m] 1266 1126 1010 920 842 779 724 674 634

t supersonic [s] x x x 1,64 1,5 1,39 1,29 1,2 1,13

x subsonic [m] x x x 80 158 221 276 326 366

t subsonic [s] x x x 0,233 0,459 0,641 0,803 0,947 1,065

t arrival crack at microphone [s] x x x 1,873 1,959 2,031 2,093 2,147 2,195

t arrival muzzle blast at microphone [s] x x x 2,907 2,907 2,907 2,907 2,907 2,907

dt arrival crack and muzzle blast [s] x x x 1,034 0,948 0,876 0,814 0,760 0,712

dt arrival crack and bullet [s] x x x 0,007 0,021 0,049 0,077 0,123 0,175

x microphone to strike location [m] x x x 40,4 39,4 38,3 37,1 35,9 34,7

x firing point to microphone [m] 1000 1000 1000 1000 1000 1000 1000 1000 1000

v muzzle [m/s] 900 900 900 900 900 900 900 900 900

k [m/s/m] -0,40 -0,45 -0,50 -0,55 -0,60 -0,65 -0,70 -0,75 -0,80

x supersonic [m] 1390 1235 1112 1010 927 854 795 742 696

t supersonic [s] x x x x 1,6 1,47 1,37 1,28 1,2

x subsonic [m] x x x x 73 146 205 258 304

t subsonic [s] x x x x 0,211 0,425 0,597 0,749 0,884

t arrival crack at microphone [s] x x x x 1,811 1,895 1,967 2,029 2,084

t arrival muzzle blast at microphone [s] x x x x 2,907 2,907 2,907 2,907 2,907

dt arrival crack and muzzle blast [s] x x x x 1,096 1,012 0,940 0,878 0,823

dt arrival crack and bullet [s] x x x x 0,009 0,015 0,043 0,081 0,116

x microphone to strike location [m] x x x x 40,4 39,3 38,3 37,2 35,9



x firing point to microphone [m] 1343 1343 1343 1343 1343 1343 1343 1343 1343

v muzzle [m/s] 850 850 850 850 850 850 850 850 850

k [m/s/m] -0,40 -0,45 -0,50 -0,55 -0,60 -0,65 -0,70 -0,75 -0,80

x supersonic [m] 1266 1126 1010 920 842 779 724 674 634

t supersonic [s] 2,26 2,01 1,8 1,64 1,5 1,39 1,29 1,2 1,13

x subsonic [m] 77 217 333 423 501 564 619 669 709

t subsonic [s] 0,224 0,631 0,967 1,230 1,456 1,638 1,800 1,944 2,062

t arrival crack at microphone [s] 2,484 2,641 2,767 2,870 2,956 3,028 3,090 3,144 3,192

t arrival muzzle blast at microphone [s] 3,904 3,904 3,904 3,904 3,904 3,904 3,904 3,904 3,904

dt arrival crack and muzzle blast [s] 1,420 1,263 1,137 1,034 0,948 0,876 0,814 0,760 0,712

dt arrival crack and bullet [s] 0,006 0,029 0,083 0,150 0,254 0,362 0,500 0,676 0,868

x microphone to strike location [m] 40,6 39,3 37,8 36,2 34,5 32,7 30,8 28,6 26,4

x firing point to microphone [m] 1343 1343 1343 1343 1343 1343 1343 1343 1343

v muzzle [m/s] 900 900 900 900 900 900 900 900 900

k [m/s/m] -0,40 -0,45 -0,50 -0,55 -0,60 -0,65 -0,70 -0,75 -0,80

x supersonic [m] 1390 1235 1112 1010 927 854 795 742 696

t supersonic [s] x 2,13 1,92 1,74 1,6 1,47 1,37 1,28 1,2

x subsonic [m] x 108 231 333 416 489 548 601 647

t subsonic [s] x 0,315 0,670 0,969 1,208 1,422 1,594 1,747 1,881

t arrival crack at microphone [s] x 2,445 2,590 2,709 2,808 2,892 2,964 3,027 3,081

t arrival muzzle blast at microphone [s] x 3,904 3,904 3,904 3,904 3,904 3,904 3,904 3,904

dt arrival crack and muzzle blast [s] x 1,459 1,314 1,195 1,096 1,012 0,940 0,878 0,823

dt arrival crack and bullet [s] x 0,005 0,040 0,091 0,162 0,258 0,376 0,513 0,679

x microphone to strike location [m] x 40,3 38,9 37,4 35,8 34,1 32,3 30,2 28,1

x firing point to microphone [m] 1500 1500 1500 1500 1500 1500 1500 1500 1500

v muzzle [m/s] 850 850 850 850 850 850 850 850 850

k [m/s/m] -0,40 -0,45 -0,50 -0,55 -0,60 -0,65 -0,70 -0,75 -0,80

x supersonic [m] 1266 1126 1010 920 842 779 724 674 634

t supersonic [s] 2,26 2,01 1,8 1,64 1,5 1,39 1,29 1,2 1,13

x subsonic [m] 234 374 490 580 658 721 776 826 866

t subsonic [s] 0,680 1,087 1,423 1,686 1,912 2,095 2,257 2,401 2,518

t arrival crack at microphone [s] 2,940 3,097 3,223 3,326 3,412 3,485 3,547 3,601 3,648

t arrival muzzle blast at microphone [s] 4,360 4,360 4,360 4,360 4,360 4,360 4,360 4,360 4,360

dt arrival crack and muzzle blast [s] 1,420 1,263 1,137 1,034 0,948 0,876 0,814 0,760 0,712

dt arrival crack and bullet [s] 0,030 0,093 0,187 0,314 0,468 0,655 0,883 1,169 1,521993

x microphone to strike location [m] 39,3 37,7 35,9 34,0 31,9 29,7 27,2 24,5 21,5

x firing point to microphone [m] 1500 1500 1500 1500 1500 1500 1500 1500 1500

v muzzle [m/s] 900 900 900 900 900 900 900 900 900

k [m/s/m] -0,40 -0,45 -0,50 -0,55 -0,60 -0,65 -0,70 -0,75 -0,80

x supersonic [m] 1390 1235 1112 1010 927 854 795 742 696

t supersonic [s] 2,4 2,13 1,92 1,74 1,6 1,47 1,37 1,28 1,2

x subsonic [m] 110 265 388 490 573 646 705 758 804

t subsonic [s] 0,319 0,771 1,127 1,426 1,665 1,879 2,051 2,203 2,337

t arrival crack at microphone [s] 2,719 2,901 3,047 3,166 3,265 3,349 3,421 3,483 3,537

t arrival muzzle blast at microphone [s] 4,360 4,360 4,360 4,360 4,360 4,360 4,360 4,360 4,360

dt arrival crack and muzzle blast [s] 1,641 1,459 1,314 1,195 1,096 1,012 0,940 0,878 0,823

dt arrival crack and bullet [s] 0,011 0,049 0,113 0,214 0,335 0,501 0,689 0,927 1,223

x microphone to strike location [m] 40,4 38,8 37,1 35,3 33,4 31,2 28,9 26,3 23,6
















