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B120 Critical Angles for 9mm Parabellum Bullets

Peter J. Diaczuk, BS*, 445 W 59th Street, New York, NY 10019-2925; and Thomas Kubic, JD, PhD, 8 Pine Hill Court, Northport, NY 
11768

7KH�JRDO�RI�WKLV�SUHVHQWDWLRQ�LV�WR�LQWURGXFH�DWWHQGHHV�WR�WKH�DQJOH�DW�ZKLFK�D�ULFRFKHW�ZLOO�QR�ORQJHU�RFFXU�ZKHQ�D�EXOOHW�VWULNHV�
some common substrates.

7KLV�SUHVHQWDWLRQ�ZLOO�DIIHFW�WKH�IRUHQVLF�VFLHQFH�FRPPXQLW\�E\�SURYLGLQJ�GDWD�WKDW�FDQ�EH�XVHG�DV�EDFNJURXQG�ZKHQ�DVVHVVLQJ�D�
ricochet at a shooting scene.

'HWHUPLQLQJ�WKH�DQJOH�DW�ZKLFK�D�EXOOHW�ZLOO�VXFFHVVIXOO\�ULFRFKHW�LV�HVVHQWLDO�LQIRUPDWLRQ�ZKHQ�D�VKRRWLQJ�LQYHVWLJDWLRQ�LQYROYHV�
LQGLUHFW� ¿UH�� �7KLV� LQIRUPDWLRQ� SURYLGHV� WKH� IRUHQVLF� VFLHQWLVW�ZLWK� IXQGDPHQWDO� GDWD� UHTXLUHG� IRU� WKH� VFLHQWL¿F� UHFRQVWUXFWLRQ� DQG�
DVVHVVPHQW�RI�D�VKRRWLQJ�VFHQH���'HSHQGLQJ�XSRQ�WKH�VXEVWUDWH��WKH�EXOOHW¶V�GHVLJQ��YHORFLW\��FRQVWUXFWLRQ��DQG�LWV�DQJOH�RI�LPSDFW��D�EXOOHW�
may fail to ricochet upon impact or the bullet will successfully ricochet.  Knowledge of bullet behavior with common substrates provides 

YDOXDEOH�LQIRUPDWLRQ�IRU�VFLHQWL¿F�LQYHVWLJDWLRQV�RI�VKRRWLQJ�VFHQHV�ZKHUH�EXOOHWV�KDYH�LPSDFWHG�LQWHUPHGLDWH�VXUIDFHV���$�WLPHO\�DQG�
accurate scene reconstruction is imperative in both the investigative and the adjudicative stages of a shooting incident.

%XOOHWV�GLVFKDUJHG�IURP�¿UHDUPV�KDYH�D�FRQVLGHUDEOH�DPRXQW�RI�NLQHWLF�HQHUJ\�DQG�DFKLHYH�KLJK�YHORFLW\�GXULQJ�WKH�YHU\�VKRUW�WLPH�
WKH\�DUH�DFFHOHUDWLQJ�GRZQ�WKH�ERUH�RI�WKH�¿UHDUP��(YHQ�DFFRXQWLQJ�IRU�VRPH�IULFWLRQDO�ORVVHV�DV�LW�LV�IRUFHG�WKURXJK�WKH�ERUH��WKH�RQFH�
stationary bullet emerges as a fast-moving energetic projectile.

$�EXOOHW� WKDW� LV� GLVFKDUJHG� IURP� D�¿UHDUP� FDQ� ULFRFKHW� RII� RI� WKH�PDQ\� GLIIHUHQW� VXUIDFHV� SUHVHQW� DW� D� W\SLFDO� VKRRWLQJ� VFHQH���
Although bullets will behave differently depending upon the material they encounter, they are nevertheless bound by the laws of physics.

3RWHQWLDO�ULFRFKHW�VXUIDFHV�PD\�EH�FDWHJRUL]HG�EDVHG�RQ�KRZ�WKH�EXOOHW�LQWHUDFWV�ZLWK�WKH�VXEVWDQFH���+DUG�VXUIDFHV�WUDGLWLRQDOO\�
UHPDLQ�LQWDFW�DIWHU�ORZ�DQJOH�EXOOHW�ULFRFKHW�EHFDXVH�WKH\�ZLOO�QRW�\LHOG�WR�WKH�EXOOHW¶V�LPSDFW�HQHUJ\���0DWHULDOV�VXFK�DV�FRQFUHWH��PDUEOH��
granite, and steel are just a few examples that fall into this category.  Bullet ricochets off of hard unyielding surfaces consistently have 

ricochet angles (the angle created between a line designating the bullet path and a line designated by the substrate surface) that are less 

than the bullet’s angle of impact (the acute angle at which the bullet approaches the substrate surface).1  Soft surfaces will not remain 

LQWDFW�EXW�LQVWHDG�ZLOO�GHIRUP��GHÀHFW��RU�IDLO�HQWLUHO\��\LHOGLQJ�WR�WKH�EXOOHW¶V�LPSDFW�HQHUJ\���0DWHULDOV�VXFK�DV�ZRRG��WXUI��VDQG��SDQHOLQJ��
wallboard, thin automobile sheet metal, and water are just some examples of surfaces that fall into this category.  Bullet ricochets off of 

relatively soft yielding surfaces routinely have ricochet angles that are greater than the impact angle of the bullet.2��:KHQ�D�EXOOHW�LV�¿UHG�
at either of these types of materials, whether hard or soft (i.e., unyielding or yielding, respectively), there is an angle at which a ricochet 

ZLOO�QR�ORQJHU�RFFXU���$W��DQG�DERYH��WKLV�³FULWLFDO�DQJOH´�WKH�EXOOHW�PD\�EUHDN�DSDUW�LQWR�IUDJPHQWV�DIWHU�KLWWLQJ�WKH�VXUIDFH�LQ�WKH�FDVH�
of a hard unyielding substrate or it may remain intact, to either penetrate (embed but not exit) or perforate (enter and exit) the material 

in the case of a soft yielding substrate

7KH�FULWLFDO�DQJOH� IRU� WKH��PP�IXOO�PHWDO� MDFNHW�EXOOHW�XVHG� LQ� WKLV�VWXG\�ZDV�GHWHUPLQHG� WR�EH�EHWZHHQ����DQG���� IRU�J\SVXP�
GU\ZDOO��EHWZHHQ����DQG����IRU�DXWRPRWLYH�VKHHW�PHWDO��EHWZHHQ�����WR�����IRU�VDQG��DQG�DSSUR[LPDWHO\�����IRU�KHDY\�VWHHO�SODWH��PDUEOH��
DQG�PRGXODU�FRQFUHWH�EORFN���)RU�WKH�SXUSRVHV�RI�GHWHUPLQLQJ�WKH�FULWLFDO�DQJOH�IRU�WKH�XQ\LHOGLQJ�VXEVWUDWHV��WKH�UHWDLQHG�ZHLJKW�RI�WKH�
bullet was used as the criterion to decide whether the angle had been reached.  Once the recovered bullet lost more than 5% of its original 

PDVV��WKH�FULWLFDO�DQJOH�ZDV�FRQVLGHUHG�DFKLHYHG��KRZHYHU��LW�PXVW�EH�DSSUHFLDWHG�WKDW�D�IDVW�PRYLQJ�EXOOHW�ZLWK�����RI�LWV�RULJLQDO�PDVV�
must still be treated with respect.
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